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In recent decades, the applications of laparoscopic surgery have expanded into 

most surgical disciplines. With respect to the pancreas, the laparoscopic approach is 

often used for staging pancreatic cancer [1]. Since the first description of a 

laparoscopic pancreaticoduodenectomy in 1992 by Gagner [2], there has been a 

steady global uptake of minimally invasive techniques in pancreatic resection both 

for malignant and benign disease; however, routine laparoscopic resection still 

remains uncommon [3]. 

Distal pancreatectomies (often referred to as "left pancreatectomies" or "tail 

pancreatectomies") and enucleations have become the most popular laparoscopic 

pancreatic resections and in some centers now match or even outnumber the 

traditional open approach [4]. 

In 2007, the UK National Institute for Health and Clinical Excellence 

published a consultation document on laparoscopic distal pancreatectomies (LDPs) 

and enucleations describing them as "a novel procedure, with a lack of data on long-

term follow-up." The guidance released suggested that based on current evidence, it 

was a safe and efficacious operation but that such procedures should only be carried 
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out in high-volume specialized centers with the appropriate expertise and experience, 

much like the evidence for open distal pancreatectomies (ODPs) [5]. 

The aim of this study was to systematically review the literature for evidence 

on the safety of LDPs in relation to ODPs in the management of adult patients and, 

where possible, perform a meta-analysis of reported outcomes. 

MATERIALS AND METHODS 

Literature search and study selection criteria 

A systematic search using the following keywords: pancreas OR 

pancreatectomy OR pancreatic AND laparoscopic OR laparoscopy was performed 

through the following bibliographic databases: MEDLINE, EMBASE, Web of 

knowledge, and the Cochrane Database of Systematic Reviews. Because the first 

laparoscopic pancreatectomy was reported in 1992, we restricted our search to the 

period 1992 up to and including January 01, 2011. Manuscripts published in a 

language other than English and studies including nonadult or nonhuman subjects 

were excluded. Although the initial database searches were not restricted to a 

particular study design, only studies explicitly comparing LDP to ODP were deemed 

eligible for inclusion (i.e. either randomized or quasi-randomized controlled trials or 

observational studies with comparison groups), whereas case series reports of 

outcomes were not considered. Furthermore, due to the high likelihood of patient 

selection bias in studies with an observational nature, it was a priori decision that 

only those based on matched (for patients’ characteristics) comparisons would be 

considered further for the purposes of meta-analyses. 

Authors whose names appeared on multiple studies that were otherwise eligible 

for inclusion were contacted to avoid any duplication of data. Contact was attempted 

through e-mail addresses provided in published articles. Attempts to contact authors 

were also made if there was overlap of institution. If no response was received, only 

the study with the largest number of cases was included. Other exclusion criteria 

were: studies with pediatric cases, those with less than 10 cases, and studies with 

combined operations other than splenectomy. Furthermore, studies where data from 

Этот документ создан нерегистрированной версией Document2PDF Pilot 2.19.



robotic DPs, hand-assisted LDPs, and laparoscopic enucleations that could not be 

separated from LDPs were also excluded. 

Data collection and validity assessment 

The search was carried out in several stages, independently, by 2 authors. After 

limiting the initial search based on the inclusion and exclusion criteria, studies were 

short listed based on the information gained through the title and abstract. Full-text 

articles were then reviewed, and disagreements were resolved through discussion. 

Eligible studies were examined in depth to extract the following information: (1) 

number of subjects, (2) sex, (3) age, (4) body mass index, (5) blood loss, (6) hospital 

stay, (7) operative time, (8) pancreatic leak, (9) conversion rate, (10) tumor size, (11) 

mortality, (12) morbidity, (13) splenic preservation, and (14) any comparison group 

matching criteria. Extracted data were entered into a pre-prepared database in-

dependently by both reviewers and compared at the end for consistency. As the 

searches did not identify any randomized controlled trials, quality was assessed, using 

the Newcastle Ottawa scale for nonrandomized (observational) studies, independently 

by 2 authors [6]. It was decided a priori that only studies with a score above 5 would 

be considered further. 

Data analysis 

Where possible, meta-analyses of odds ratios (OR) for binary outcomes 

measures (i.e. pancreatic leak, morbidity, and mortality) and weighted mean 

differences for continuous outcome measures (e.g. blood loss, operative time, 

postoperative hospital stay, etc) were undertaken. Standardization was not necessary 

because continuous outcomes of interest were reported in standard units of 

measurement. Both fixed (using inverse variance or Mantel-Haenszel weights) and 

random effect models (using the DerSimonian-Laird method) were fitted, although 

random effect models were originally deemed more appropriate, as it was expected 

that there would be between-study heterogeneity. Unlike fixed-effect models that 

assume a common underlying effect, which only varies across studies as a result of 

chance alone, in random-effect meta-analysis, an average effect is calculated instead 

because it is assumed that the true effect varies from study to study, reflecting real 
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differences due to factors other than chance, such as the different patients’ 

characteristics, study setting, procedure, and experience of surgeons. Evidence of 

heterogeneity was assessed using the χ2 test, whereas the I2 statistic (i.e. the 

percentage of total variation across studies due to heterogeneity) was also calculated 

as a quantitative measure of the degree of inconsistency across study estimates. 

Larger values of I2 show increasing heterogeneity. In the absence of observed 

heterogeneity, an overall effect was reported as calculated in fixed-effect models. 

Publication bias was investigated by checking for asymmetry in funnel plots and 

calculating the Harbord modified test for which a significant result indicates evidence 

for small-study effects. All analyses were performed in Stata/SE 11.0. 

RESULTS 

A total of 1238 manuscripts (of initially 2091 studies) were immediately 

excluded by limiting the search to manuscripts published in the English language, 

those published after January 01, 1992, and those referring only to adult human 

subjects. By scrutinizing the title and/or the manuscript abstract, 778 more 

manuscripts were excluded. The full text of the remaining 75 articles was retrieved of 

which 7 articles met all inclusion criteria (i.e. matched-group comparisons), whereas 

an additional 4 involved unmatched (for patients’ characteristics) comparisons of the 

2 procedures [7, 8, 9, 10]. Most of the rest represented case series. No randomized 

controlled trials were identified. Three studies meeting the inclusion criteria had 

potential institution and/or author overlap [7, 8, 11]. The corresponding or duplicate 

author for each of these was contacted by e-mail using the contact details as in the 

published manuscript. We were unable to confirm that there was no patient overlap 

so the articles with the lower number of patients were excluded. One study presented 

as a meeting abstract was also excluded because the matching criteria were not 

available [12]. Therefore, a total of 4 studies were identified as appropriate for this 

meta-analysis (Fig. 1) [13, 14, 15, 16]. 
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Fig. 1. Reference flowchart 

The studies offered a total of 665 patients, 377 of which had ODPs and 288 

LDPs. All studies reviewed records retrospectively, and the publication dates ranged 

from 2006 to 2010. The largest study incorporated data from 8 separate academic 

instituitions [16], whereas the remaining 3 studies each included data from a single 

institution [13, 14, 15]. There was heterogeneity regarding data analysis and reporting 

between studies. For example, 3 papers reported summary statistics of continuous 

data in the form of mean and standard deviation [13, 14, 16], whereas one paper 

reported median and interquartile range, possibly owing to the nonsymmetrical 

distribution of values [15]. This limited the ability to combine all study estimates in a 

meta-analysis. Furthermore, the latter study was the only one where matched analyses 

of the data were performed (i.e. use of paired signed rank test), whereas in all the 

other studies, any matching was subsequently dropped at the analysis stage (i.e. 

Initial search 
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independent sample t tests). With regard to binary variables, typically χ2 tests and/or 

logistic regression were/was used. Where necessary, relevant data were converted for 

uniformity, for example, complications reported as a percentage were converted to 

actual numbers of cases [15]. Two of 4 studies [13, 16] included adjusted estimates 

from multi-variable logistic models controlling for additional factors other than those 

used for the matching. In the same 2 studies, continuous variables (such as blood loss, 

operative time, or hospital stay) were also treated as binary (e.g. length of hospital 

stay longer than 7 days, or blood loss of more than 350 mL) [15]. 

Collection of tumor pathological data was not possible owing to the interstudy 

variability of definitions (e.g. benign vs malignant vs borderline pathology). All 

studies matched the 2 groups by age and diagnosis. In 3 studies, patients were also 

matched by sex [13, 14, 15]. Two studies matched by resected pancreatic length [13, 

16], whereas only one study also matched by ASA status and tumor size [16]. 

Tables 1 and 2 present the raw data regarding patients’ demographics and study 

outcomes extracted from these studies respectively, whereas Table 3 presents the 

quality assessment based on the Newcastle Ottawa scale (NOS). It should be noted 

that although the study design in at least two of these was referred to as case-control 

by the authors themselves, the term case-matched cohort design (as used by Vijan et 

al) was considered more accurate. Thus, the NOS tool for cohort studies was deemed 

more fitting. The "exposed" group was the complete case series of LDP from a single 

institution (with the exception of the multi-center study by Kooby et al), whereas the 

"unexposed" group was the case-matched series for a range of patients’ 

characteristics from the same institution but who had an ODP. Thus, the groups may 

be considered representative at least of the procedures performed in that institution 

(and hence, the comparisons internally valid), but they may have limited 

generalizability. In contrast, whereas the cases represented by Kooby et al come from 

several centers, it is not entirely clear from the information provided in the article 

whether institution-specific matching was performed and whether this was accounted 

for in the analysis. Because all outcomes studied were perioperative and 

postoperative and "exposure" in this case was defined by surgical operation received, 
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all studies were given a star for each of these 2 criteria (i.e. demonstration that 

outcomes of interest were not present at the start of the study and ascertainment of 

exposure). Nevertheless, it should be noted that there was variability in reference to 

which group converted cases were assigned to. Vijan et al excluded these cases from 

analysis, Velanovich included them in the LDP group, whereas in Kooby et al, it is 

unclear. Eom et al did not report any conversions. 

Diagnosis and tumor size were considered the 2 most important matching 

criteria. With regard to comparability of the 2 groups, the maximum of 2 stars was 

given to Kooby et al, where matching was performed for age, ASA status, tumor size, 

diagnosis, and resected pancreatic length. One star was awarded to the rest of the 

studies as matching was performed for diagnosis, sex, and age, whereas Vijan et al 

also matched for resected pancreatic length. 

Common to all studies, the assessment of outcomes was based on retrospective 

review of records, and although certainly not blinded at the time of recording, it is at 

least expected that all perioperative and postoperative outcomes would be recorded as 

standard procedure. Furthermore, none of the studies explicitly state that there were 

any missing data on the records. Hence, other than postoperative morbidity and 

mortality, the length and adequacy of follow-up do not directly apply. With the 

exception of Vijan et al, where it is clearly stated that 30-day morbidity and mortality 

was assessed, this was not equally clear in the case of the other 3 studies. 

Table 1 

Patients’ demographic data extracted from identified studies eligible for 

inclusion 

Study Institution 
Sample size Female Age* BMI* 

ODP LDP ODP LDP ODP LDP ODP LDP 

Velanovich [15] 
(2006) 

Henry Ford Hospital, 

Detroit; single 

institution  

15 15 9 9 - 65±14 - - 

Eom et al [14] 
(2008)  

Seoul, Korea; single 

institution 
62 31 - - 47.5±14.9 46.7±16.7 23.0±3.4 22.2±2.2 

Kooby et al 
[16] (2008) 

USA, 8 institutions 200 142 - - 58.4±14.3 59.0±13.0 26.9±6.3 28.0±6.5 

Vijan et al [13] 
(2010) 

Mayo Clinic, 100 100 50 60 58.6±15.2 59.0±17.3 27.9±5.0 27.4±5.2 
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Rochester; single 

institution 

Total 392 303  

*Reported as mean ± SD 

Hyphen (-) indicates not available 

 

Table 2 

Study outcome data extracted from identified studies eligible for inclusion 

 

Operative time 

(minutes) 

Hospital stay 

(days) 
Pancreatic leak^ Tumor size (cm) 

ODP LDP ODP LDP ODP LDP ODP LDP 

Velanovich [15] (2006) -  
8 

(6-23)* 
5 (3-9)* 2 2 - - 

Eom et al [14] (2008)  194.8±63.7 217.7±55.8 13.5±4.9 11.5±4.1 4 3 6.15±4.1 3.95±2.3 

Kooby et al [16] (2008) 216±100 230±97 9.0±6.0 5.9±3.8 64 37 3.3±1.7 3.2±1.7 

Vijan et al [13] (2010) - - 8.6±5.9 6.1±2.4 17 17 4.0±2.9 3.3±1.9 

All figures are reported as mean ± SD unless otherwise stated 

*Reported as median 

^Expressed as number of cases 

 

Clinicopathological data 

Preoperative clinicopathological data are presented in Table 1. As a result of 

matching, there were no reported differences between the 2 groups in age and sex. 

Furthermore, although the studies did not match for body mass index, no statistically 

significant differences were found between the comparison groups. 

Table 3 

Quality assessment based on the NOS for observational studies 
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Velanovich [15] 
(2006)  * * * * * * * 7 

Eom et al [14] 
(2008)   * * * * * * * 7 
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Kooby et al 
[16] (2008) *  * * ** * * * 8 

Vijan et al [13] 
(2010)  * * * * * * * 7 

 

Outcomes 

Blood loss 

Only two of the studies reported blood loss volumes, each presenting their data 

differently [13, 16]. Although both studies report lower volumes in the LDP group, 

the data could not be combined for meta-analysis. A third study reported blood loss in 

the form of patients requiring transfusion, without quantifying the blood loss [14]. 

Tumor size 

Data for tumor size were available in 3 studies [13, 14, 16]. As a result of 

matching, Kooby et al reported no difference in tumor size between the 2 groups, 

whereas the other 2 studies reported statistically significant differences in favor of 

larger tumors removed in the ODP group compared to the LDP group [13, 14]. 

Operative time and hospital stay 

Operative time data were reported in 3 studies but was usable in only 2 studies, 

as standard deviations were not reported in the case of the third [14, 16]. Whereas 

both these studies individually report an increased mean operative time for the LDP 

group, neither observed a difference of statistical significance. Yet, the fixed-effects 

overall estimate of these 2 studies showed an LDP-increased operative time by a 

statistically significant period of 17.7 minutes (95% confidence interval [CI], 

1.5-33.9), whereas there was no evidence of heterogeneity between the estimates 

from these 2 studies (I2=0%; Fig. 2). Expressed in percentage increase rather than 

mean difference (after using the delta method to approximate the variance of the ratio 

of means), this corresponds to approximately 9.5% (95% CI, 0.9-18%) increase in 

operative time (results not shown in detail). 
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Fig. 2. Impact of LDP versus ODP on (A) operative time (expressed as mean 

difference in minutes) and (B) hospital stay (expressed as mean difference in days) 

 

Hospital stay was reported in all 4 studies; however, it was reported as mean ± 

standard deviation in only three studies [13, 14, 16]. All 3 eligible studies 

individually reported a statistically significant reduction in hospital stay for the LDP 

group. There was no evidence of heterogeneity across study estimates (heterogeneity 

χ2 test: P=0.552; I2=0.0%), and the fixed-effect combined estimate suggested that 

hospital stay was reduced by 2.7 days (95% CI, -3.5 to -2.0). 

Pancreatic leak, splenic preservation, morbidity, and mortality 

All 4 studies reported figures for pancreatic leaks. Studies used the 

interchangeable terms of postoperative pancreatic fistula, leak, and leakage to report 

this complication [17]. There was no statistically significant difference between the 

LDP and ODP groups both across individual studies and in the meta-analysis 

estimate. There was no evidence of heterogeneity in the study estimates 
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(heterogeneity χ2 test: P=0.789; I=0.0%), and hence, only the fixed-effects model 

estimates are presented (Fig. 3). The overall OR of pancreatic leak after LDP versus 

ODP was estimated at 0.85 (95% CI, 0.58-1.25). 

 
Fig. 3. Odds ratios of (A) pancreatic leak, (B) mortality/ and (C) morbidity in 

LDP versus ODP as calculated in fixed-effects and/or random-effects models 

 

Splenectomy rates for both arms were reported in only one study [16], whereas 

only 2 studies reported splenectomy figures for the LDP group [13, 14]. As such, the 

data could not be combined for meta-analysis. No deaths were recorded in Eom et al 

or reported in Velanovich et al, whereas mortality rates were low in both arms in the 

2 largest studies [13, 16]. Whereas the observed effects moved in opposite directions, 
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the CIs were very wide around these estimates; and there was no evidence of 

differences in mortality between the 2 procedures (Fig. 3). Mortality was low in all 

studies and in both arms. 

Morbidity was reported in various forms, such as percentage, actual number of 

cases, or both. It was also reported as "complications," "serious complications," 

"morbidity," and "major morbidity," although the definition of what constituted 

seriousness was not always stated. Some studies provided a breakdown of what these 

complications were, and one provided morbidity grading [16]. Whereas it is not 

known to what extent this contributed toward the inconsistency in the observed 

estimates, with two of the largest studies reporting estimates in the opposite direction, 

there was evidence of heterogeneity across study estimates (heterogeneity χ2 test: 

P=0.03; 65% of the variation in estimates was attributable to heterogeneity). Figure 3 

presents both fixed-effects and random-effect estimates of OR of morbidity. Driven 

by the favorable OR of the largest study, the fixed-effect Mantel-Haenszel-pooled 

OR was estimated at 0.78 95% CI (0.57-1.08) and appeared marginally (yet non-

statistically significantly) in favor of reduced morbidity/complications in 

laparoscopic surgery. Nevertheless, the effect seems no longer significant in random-

effect model, where to allow for heterogeneity, relatively greater weight is given to 

smaller studies than the equivalent fixed-effect analysis. Thus, perhaps there is not 

much benefit in morbidity, but at least there is no evidence that on average, there is 

increased morbidity associated with laparoscopic surgery. 

Unmatched studies were excluded from this review, as their results are more 

likely to be biased owing to differing characteristics of patients selected for each 

procedure. Evidence of this can be seen in Figure 4, where the meta-analysis of OR 

estimates for morbidity in LDP versus ODP in studies with matched and unmatched 

group comparisons are juxtaposed. It should be noted that the unmatched group 

includes (a) one study where all patients after a certain date underwent LDP 

compared to patients given ODP in the period before the switchover [18] and (b) one 

study that restricted the comparison to benign cases [7]. Unlike the matched studies, 

OR estimates in the unmatched studies all appear to be less than 1 (two of them also 
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statistically significant), whereas the combined effect is highly statistically significant 

in favor of LDP irrespective of whether a fixed- or random-effect model is used. 

Although there was no statistical evidence of publication bias among either matched 

or unmatched studies (Harbord modified test for small-study effects: P=0.5 and 

P=0.2, respectively), the observed difference is striking as also portrayed by the 

funnel plots in Figure 5, with unmatched studies that seem more likely to report 

reduced morbidity in LDP. 

 
Figure 4 
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Fog. 5. Funnel plots (and Egger test regression line for asymmetry) in matched 

and unmatched studies 

 

 

DISCUSSION 

Minimally invasive approaches to surgery have been one of the most important 

changes in surgical practice in recent years, with most surgical disciplines adopting 

laparoscopic techniques in one form or another. Laparoscopic pancreatic resections 

are performed with ever-increasing frequency as evidenced by the growing number of 

relevant publications, despite the lack of level 1 evidence [19]. Although the first 

described laparoscopic pancreatic resection was a pylorus-preserving 

pancreaticoduodenectomy [2], a higher proportion of distal pancreatectomies are now 

approached laparoscopically [20]. It is likely that the technical simplicity and the 

absence of a requirement for an anastomosis in LDPs have meant it meets less 

skepticism. There are several variations to the technique, such as spleen and splenic 

vessel preservation (Warshaw technique) and the hand-assisted laparoscopic 
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resection [21]. Several cost-effectiveness studies have also argued in favor of the 

laparoscopic approach [22, 23]. 

Although this systematic review identified numerous case series, we only 

identified 4 case-matched studies that fulfilled all the inclusion criteria. More 

importantly, no randomized trials were identified. The lack of such studies in the 

literature is at least partly a reflection on the novelty of LDP as a procedure. It is also 

a reflection on the relatively low incidence of patients with a surgically resectable 

pancreatic pathology, which in turn limits the volume of experience to the trainee 

surgeon. As a result, some pancreatic units have undoubtedly avoided or delayed the 

adoption of the laparoscopic approach in anticipation of evidence as to its merits [20]. 

This meta-analysis of published estimates leads to a number of conclusions. 

First, LDP seems to be an operation that is as safe as its open equivalent. Mortality 

was low in both arms, and although not statistically significant, there was a trend for 

lower morbidity in favor of LDP. There was no statistical difference in the rate of 

pancreatic leak, one of the main sources of morbidity specific to this procedure. 

Second, with a mean of 2.7 fewer days of hospital stay, LDP offers at least one 

clear advantage. Accepting that inpatient hospital stay forms a high percentage of the 

overall cost in major surgical procedures, this reduction in hospital stay could reflect 

a considerable cost saving. Studies in HPB surgery and other surgical disciplines 

have demonstrated that a reduction in hospital stay can often offset a higher operative 

cost resulting in an overall saving [24, 25, 26]. 

In contrast, LDP has a statistically significant longer operation time of 17.7 

minutes, which represents a 9.5% mean prolongation. This might be due to the lack 

of experience in a new operation but is in line with other studies reporting prolonged 

operating time in complex laparoscopic procedures [27]. One also has to keep in 

mind that cohort studies have illustrated well how gradual accumulation of 

experience can dramatically decrease operative time in such techniques [28]. 

Finally, tumor size was found to be significantly smaller in ne LDP group. This 

observation might reflect a selection bias in favor of preoperative assignment of 
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smaller tumors to a laparoscopic approach. This in turn could have had an effect on 

other outcomes such as blood loss and operation time. 

This study has a number of limitations that deserve attention. The most obvious 

one is the small number of studies and the relatively low number of patients that 

could be included. Furthermore, the inconsistent way in which data were reported 

across the studies made it impossible to include some of them in the combined 

analysis of some outcomes. The heterogeneity in definitions also meant that 

individual pathologies could not be looked at. Finally, it is well documented that 

studies considered for inclusion in meta-analyses should be initially assessed for 

quality [29]. In our case, quality assessment was performed using the NOS, which is 

purposely designed to evaluate through the use of a checklist the quality of 

observational studies. However, although the NOS is used in practice [30], it was not 

surprising that it was more suitable for use in observational studies of an epi-

demiological nature rather than nonrandomized interventional studies in a surgical 

setting. 

CONCLUSIONS 

The global drive toward minimally invasive operative approaches will 

undoubtedly make LDP ever more popular both with patients and surgeons. 

However, there is no published level I evidence as to the safety and efficacy of such 

operations. This meta-analysis supports what other authors and guidelines have 

suggested to date: LDP is a reasonably safe procedure and, if not superior, at least 

comparable to the open technique [20]. 

Although this study represents the strongest evidence (level 3a [31]) to date 

that LDPs are a safe and efficacious operation, physicians must interpret the results of 

this meta-analysis with caution. Whereas we restricted our analysis to studies that 

have controlled (yet not necessarily eliminate) the effect of patient selection bias by 

introducing matching of certain patients’ characteristics in their design, there is need 

for trials randomizing eligible patients to open or laparoscopic approach to provide 

level 1 evidence as to the safety and efficacy of LDPs. 
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Objectives: Distal pancreatectomies and enucleations have become the most 

popular laparoscopic pancreatic resections and in some centers outnumber the 

traditional open approach. The aim of this study was to systematically review the 

literature on the safety of laparoscopic distal pancreatectomies (LDP) in relation to 

open distal pancreatectomies in the management of adult patients and, where 

possible, perform a metaanalysis of reported outcomes. 

Methods: We searched MEDLINE, EMBASE, Web of knowledge, and the 

Cochrane Database of Systematic Reviews using the following keywords: pancreas, 

pancreatectomy, pancreatic, laparoscopic, laparoscopy. Publication dates and 

language restrictions were applied. The Newcastle Ottawa scale was used for study 

quality assessment. 

Results: Four eligible studies were identified with a total of 665 patients. On 

average, LDPs had a longer operation time by 17.7 minutes (9.5%) and a reduced 

hospital stay by 2.7 days. Morbidity and mortality were low using both approaches. 
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Conclusions: This study represents the strongest evidence (level 3a) to date 

that LDPs are a safe operation. However, there is still a need for randomized 

controlled trials to confirm this. 
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