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Objective: This study aimed to appraise and to evaluate the current evidence
on minimally invasive pancreatoduodenectomy (MIPD) versus open pancreatoduodenectomy only in comparative cohort and registry studies.
Background: Outcomes after MIPD seem promising, but most data come
from single-center, noncomparative series.
Methods: Comparative cohort and registry studies on MIPD versus open
pancreatoduodenectomy published before August 23, 2015 were identified
systematically and meta-analyses were performed. Primary endpoints were
mortality and International Study Group on Pancreatic Fistula grade B/C
postoperative pancreatic fistula (POPF).
Results: After screening 2293 studies, 19 comparative cohort studies (1833
patients) with moderate methodological quality and 2 original registry studies
(19,996 patients) were included. For cohort studies, the median annual hospital
MIPD volume was 14. Selection bias was present for cancer diagnosis. No
differences were found in mortality [odds ratio (OR) ¼ 1.1, 95% confidence
interval (CI) ¼ 0.6–1.9] or POPF [(OR) ¼ 1.0, 95% CI ¼ 0.8 to 1.3]. Publication
bias was present for POPF. MIPD was associated with prolonged operative times
[weighted mean difference (WMD) ¼ 74 minutes, 95% CI ¼ 29–118], but
lower intraoperative blood loss (WMD ¼ 385 mL, 95% CI ¼ 616 to
154), less delayed gastric emptying (OR ¼ 0.6, 95% ¼ CI 0.5–0.8), and
shorter hospital stay (WMD ¼ 3 days, 95% CI ¼ 5 to 2). For registry
studies, the median annual hospital MIPD volume was 2.5. Mortality after
MIPD was increased in low-volume hospitals (7.5% vs 3.4%; P ¼ 0.003).
Conclusions: Outcomes after MIPD seem promising in comparative cohort
studies, despite the presence of bias, whereas registry studies report higher
mortality in low-volume centers. The introduction of MIPD should be closely
monitored and probably done only within structured training programs in
high-volume centers.
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P

ancreatoduodenectomy (PD) is the only potentially curative
treatment for periampullary cancer and premalignant lesions.
Despite recent advances in outcomes, mainly related to centralization,1 –3 PD is still associated with postoperative morbidity rates
of 23% to 66% and mortality rates of 3% to 5% in high-volume
centers.1,2,4
During the past years, minimally invasive PD [minimally
invasive pancreatoduodenectomy (MIPD), that is, laparoscopic or
robot-assisted PD, has become increasingly popular.5,6 Laparoscopic
PD was first described in the early 1990s, whereas the first publications on robot-assisted PD appeared 10 years later.7 MIPD has not
yet gained the same support in the surgical community as other
minimally invasive gastrointestinal procedures. This is possibly due
to the low volume and high-risk nature of pancreatic surgery, going
along with several challenges regarding oncological radicality8 and
the complexity of the procedure including pancreatic and biliary
anastomoses.9 Postoperative pancreatic fistulas (POPFs) remain one
of the most threatening complications after PD, with rates ranging
from 4% to 33% in series from expert centers.4 Cohort series have
suggested that MIPD, compared with open pancreatoduodenectomy
(OPD), can safely lower the postoperative morbidity rates and
enhance postoperative recovery in the treatment of both pancreatic
and periampullary malignancies.5,10 Many studies, however, were
not comparative, and selection bias has likely influenced these
findings.
In 2013, a systematic review on MIPD versus OPD was
published, in which 6 observational studies were included.6 During
the last 3 years, many high-volume series appeared, including some
recent cohort11 and registry studies,12 which raised concerns regarding the safety of MIPD. An updated systematic review of the
literature on MIPD could clarify the impact of these recent studies.
The aim of this systematic review was to assess the evidence on
MIPD versus OPD in comparative cohort studies and registry
studies.

METHODS
Study Selection
This study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines13
with methods written before study conduct. A systematic literature
search was performed in the PubMed, Cochrane, and Embase databases for studies published before August 23, 2015. Search terms
used were based on the procedure (eg, ‘‘pancreatoduodenectomy’’)
and the approach (eg, ‘‘laparoscopy’’), all restricted to title, abstract,
and keywords. A detailed overview of the literature search is shown
in the Appendix, http://links.lww.com/SLA/A975. Titles, abstracts,
and subsequently full-text articles were screened based on inclusion
and exclusion criteria by 2 authors (Thijs de Rooij and Martijn Z. Lu)
independently. When overlapping series from the same institution
were found, only the most recent study was included. Reference lists
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of all included papers and PubMed ‘‘related articles’’ were screened
manually to identify initially missed but relevant studies. The final
decision on eligibility was reached through discussion and followed
by consensus. Additionally, the World Health Organization International Clinical Trials Registry, combining the data of all (inter)national trial registries, was searched to identify ongoing randomized
controlled trials on MIPD versus OPD.

Eligibility Criteria
Included were studies comparing MIPD (either laparoscopic,
robot-assisted, or hybrid PD) with OPD reporting on at least 1
outcome of interest. Excluded were articles including (also) other
procedures than PD, articles not reporting on postoperative outcomes, review articles, articles on 10 patients in both groups,
articles in other languages than English, opinion papers, proceedings,
editorials, studies on children, and animal studies.

Assessment of Methodological Quality
Methodological quality of included studies was assessed by 2
authors (TR and MZL Thijs de Rooij and Martijn Z. Lu) independently. All studies were critically appraised according to the Newcastle–Ottawa Scale (NOS), as only nonrandomized studies on this
subject were expected. Included studies were ranked with a maximum of 9 points, assessing the methodological quality concerning
‘‘selection of patients,’’ ‘‘comparability,’’ and ‘‘outcome of study
participants.’’ Cohort studies with a NOS score <6 were considered
of moderate or low quality.

Data Extraction
Extracted data included study characteristics (study design,
study period, sample size, and investigated surgical procedure),
patient characteristics (age, sex, body mass index, tumor size, neoadjuvant treatment, and cancer diagnosis), operative outcomes (conversion to open approach, operative time, blood loss, vascular
resection, R0 (microscopically radical) resection margins, and number of resected lymph nodes), and postoperative outcomes (mortality,
clinically relevant (International Study Group on Pancreatic Fistula
grade B/C) POPF,14 clinically relevant (International Study Group on
Pancreatic Surgery grade B/C) delayed gastric emptying,15 length of
hospital stay, and readmission). In case of insufficient data, corresponding authors were contacted and asked to supply required
information. Nonresponders were contacted up to 2 times. Outcomes
were collected as defined in original studies. For postoperative
outcomes, preference was given to a 90-day postoperative followup. All data were cross-checked by 2 authors (Thijs de Rooij and
Martijn Z. Lu) independently.

and continuous variables were expressed as odds ratios (ORs) or
weighted mean differences (WMDs) respectively, all reported with
their corresponding 95% confidence intervals (CIs). Sensitivity
analyses were performed to solidify findings from meta-analyses.
Sensitivity analyses on mortality and clinically relevant POPF were
performed to assess the impact of study design by excluding studies
of moderate or low quality (NOS score <6). Subgroup analyses were
performed to identify potential differences between laparoscopic,
robot-assisted, and hybrid PD concerning mortality and clinically
relevant POPF. Publication bias of studies on clinically relevant
POPF rates was assessed by visual inspection of a funnel plot and not
by statistical testing according to the Cochrane Collaboration recommendations. All analyses were performed using Review Manager 5.0
software (The Cochrane Collaboration, Oxford, UK).

RESULTS
Search Results
The Preferred Reporting Items for Systematic Reviews and
Meta-analyses study selection flow diagram is shown in Figure 1.
In total, 2293 studies were identified. After screening titles and
abstracts, 665 articles remained for full-text assessment.7,10,11,18–76
Additionally, 43 studies were excluded7,20,34– 71 and therefore
19 comparative cohort studies with a total of 1833 patients were
eligible for inclusion and 3 registry studies with a total of 27,057
patients.12,74– 75 Two registry studies74,12 reported on the same database, so for every outcome the most recent study reporting on that
outcome was selected. Manual screening yielded no additional
eligible articles. Characteristics of included studies are shown in
Table 1. Additional data through contacting corresponding authors
were not obtained, but this did not lead to excluding any of the
identified studies. Searching the World Health Organization International Clinical Trial Registry yielded 1 ongoing randomized study
on MIPD versus OPD from India with a projected sample size of 60
patients.76 Upon personal communication with the principal investigators we know that this trial has just been completed, but it is
unknown when results can be expected.

Methodological Quality
Of all cohort studies, 42% (8/19) were of moderate or low
quality (NOS score <6).4,18,20,23,24,29,31 Approximately, half of the
included studies used case matching.10,11,19,21,22,25,27,28,32,33 Detailed
information on patient follow-up was lacking in almost all studies.
One multicenter study was found.32 Considerable interstudy heterogeneity was seen in almost all meta-analyses. Details are shown in
Table 2. The registry studies were all from the United States
(National Cancer Database12,74 and Nationwide Inpatient Sample75).

Statistical Analysis
Meta-analysis was performed according to the Cochrane
guidelines for systematic reviews.16 Categorical data were presented
as frequencies and percentages. Continuous data were presented as
stated in included original articles. Categorical variables were analyzed using the Mantel-Haenszel method, continuous variables using
the inverse variance. When studies reported continuous variables as
median values and ranges, the means and standard deviations were
estimated using statistical algorithms according to the method
described by Hozo et al.17 Studies that reported interquartile ranges
only were excluded from meta-analysis. I2 was used to quantify
heterogeneity between studies. An I2 < 30% was considered low
heterogeneity, 30% and <50% moderate heterogeneity and 50%
considerable heterogeneity. In case of considerable heterogeneity,
the random-effects model was used. For low or moderate heterogeneity, the fixed-effects model was used. In forest plots, categorical
258 | www.annalsofsurgery.com

Patient Characteristics
Meta-analyses of patient characteristics are shown in Figure 2.
Patients undergoing MIPD and OPD did not differ in age (WMD
0.1 years, 95% CI 0.9 to 0.7), female sex (OR 1.1, 95% CI 0.9–
1.3), tumor size (WMD 1.0 cm, 95% CI 2.9 to 1.0), and body
mass index (WMD 0.6 kg/m2, 95% CI 1.4 to 0.2). The relative
number of patients who had undergone neoadjuvant treatment was
comparable for MIPD and OPD (OR 1.1, 95% CI 0.7–1.7). Patients
in the MIPD group were less often operated for cancer (OR 0.7, 95%
CI 0.6–0.9). In the registry studies, MIPD and OPD groups were
comparable concerning age, sex, tumor size, and tumor stage.12,74,75

Operative and Pathology Outcomes
Meta-analyses of operative and pathological outcomes are
shown in Figure 3. In total, 9% of all MIPDs converted to open
ß
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses study selection flow diagram.
surgery (laparoscopic PDs 7%, robot-assisted PDs 8%, and hybrid
PDs 20%). Operative time was longer for MIPD (WMD 73.5
minutes, 95% CI 29.0–118.0), but intraoperative blood loss was
less for MIPD (WMD 384.7 mL, 95% CI 615.7 to 153.7). The
relative number of patients who had undergone vascular (all venous)
resection did not differ between MIPD and OPD (OR 0.7, 95% CI
0.5–1.1). Less incomplete (R1/R2) tumor resections were reported
after MIPD (OR 0.7, 95% CI 0.5–0.99), whereas lymph node harvest
was similar (WMD 0.3 nodes, 95% CI 2.0 to 1.4).
The registry studies did not report on operative time or
intraoperative blood loss. One registry study reported more R0
resections in the MIPD group (80% vs 74%; P ¼ 0.026) along with
higher lymph node harvest (17 vs 15; P < 0.0001).74

Postoperative Outcomes
Meta-analyses of postoperative outcomes are shown in
Figure 4. Mortality (OR 1.1, 95% CI 0.6–1.9) and clinically relevant
POPF (OR 1.0, 95% CI 0.8–1.3) rates were not significantly different
between MIPD and OPD. Grade B or C POPFs could not be analyzed
separately, because grades were reported as a combination in most
series. The reoperation rates were comparable for both groups (OR
0.9, 95% CI 0.5–1.5). Clinically relevant delayed gastric emptying
occurred less frequently in the MIPD group (OR 0.6, 95% CI 0.5–
0.8) and overall length of hospital stay was shorter after MIPD
ß
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(WMD 3.1 days, 95% CI 4.7 to 1.6). Readmission rates were
not differing significantly between MIPD and OPD (OR 0.9, 95% CI
0.6–1.3).
Two registry studies also showed shorter length of hospital
stay after MIPD (MIPD 10 days vs OPD 12 days; P < 0.000174 and
MIPD 11 days vs OPD 12 days; P < 0.00175). One registry study
reported on postoperative complications and found a reduction of
overall complications after MIPD compared with OPD (39% vs 46%
respectively; P < 0.01).75 Specific complication rates were not
reported. The 3 registry studies reported varying mortality rates
(see Table 1). Tran et al75 reported comparable mortality rates for
MIPD and OPD (3.8 vs 5%; P ¼ 0.27). Abdelgadir Adam et al12
reported nonsignificantly increased mortality rates for MIPD (MIPD
4.8% vs OPD 3.7%; P ¼ 0.11), whereas Sharpe et al showed
increased postoperative 30-day mortality in centers that had performed <10 MIPDs overall (MIPD 7.5% vs OPD 3.4%; P ¼ 0.003),
but mortality was comparable in centres that had performed 10
MIPDs.74 Baseline characteristics were not reported for low-volume
and high-volume centers separately.74

Sensitivity and Subgroup Analyses
Sensitivity analysis excluding studies of low or moderate
methodological quality NOS < 6 found similar outcomes regarding
mortality (OR 1.4, 95% CI 0.4–4.6) and clinically relevant POPF
www.annalsofsurgery.com | 259
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TABLE 2. Methodological Assessment
Selection
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7
4
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5
4
6
7

 ¼ consistent with criteria and low risk of bias, * ¼ not consistent with criteria and high risk of bias.

A maximum of 2 points () can be achieved for this criterion.
N/A indicates not applicable; FU, follow-up.

(OR 1.0, 95% CI 0.7–1.6) rates. Three subgroup meta-analyses
(laparoscopic vs open PD, robot-assisted vs open PD, and hybrid
vs open PD) showed no statistically significant differences between
groups concerning mortality (OR 1.1, 95% CI 0.6–2.3; OR 1.0, 95%
CI 0.3–4.2; and OR 1.1, 95% CI 0.3–4.6, respectively) and clinically
relevant POPF rates (OR 0.9, 95% CI 0.7–1.3; OR 1.0, 95% CI 0.6–
1.5; and OR 1.0, 95% CI 0.6–1.8, respectively).

Publication Bias
Visual inspection of the funnel plot of studies reporting on
clinically relevant POPF rates showed that small studies reporting on
a positive effect of MIPD are more often published than small studies
reporting on a negative effect of MIPD (Fig. 5). None of included
studies was truncated because of positive interim analysis outcomes.

DISCUSSION
This systematic review and meta-analysis in comparative
cohort and registry studies found overall similar mortality and similar
clinically relevant POPF rates after MIPD versus OPD. MIPD was
associated with less intraoperative blood loss, less delayed gastric
emptying, fewer R1/R2 resections, and reduced length of hospital
stay, although in the presence of selection and publication bias. The
registry studies found increased mortality for MIPD when performed
in low-volume hospitals.
Selection bias is a common problem in cohort studies, as was
shown by less frequent cancer diagnosis in patients undergoing
MIPD in this review. Unfortunately, documentation on the extent
of patient selection was lacking in many of included studies. In large
series, patients with tumors other than pancreatic ductal adenocarcinoma,39,41 small tumors,28,39,60 no comorbidity,27,32,34,36,39,52 no
history of abdominal surgery,28,34,39,52,61 or no adiposity28,34 were
more often selected for MIPD. Although meta-analyses showed
comparable rates of neoadjuvant therapy and vascular resection
for MIPD and OPD, this is probably due to the fact that most series
excluded these patients. Notably, patient selection is not necessarily a
ß
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negative aspect and may actually shield patient safety during the
learning curve. It is therefore important to report on patient selection
criteria if one wants to draw generalizable conclusions on the outcomes of MIPD during the learning curve.
The technical difficulty of MIPD is reflected by the significantly longer operative time seen in all but 2 included studies,20,32
which had relatively long operative times for OPD as well (median
400–500 minutes).77 On the other hand, MIPD was associated with
decreased operative blood loss and other parameters such as lymph
node harvest and R0 resection rates were not inferior for MIPD, but
these outcomes may have been influenced by selection bias (eg, less
frequent cancer diagnosis). The overall conversion rate of MIPD was
9%, which seems acceptable for such a complex procedure. No
obvious differences in conversion rate between laparoscopic PD
(7%) and robot-assisted PD (8%) were seen.
The described postoperative outcomes of MIPD are in essence
very promising: postoperative major morbidity, readmission, and
mortality rates were comparable with OPD, whereas length of hospital
stay was 3 days shorter after MIPD. However, the presence of
publication bias makes it difficult to draw definitive conclusions on
the safety of the pancreatic anastomoses performed using minimally
invasive surgery. Higher POPF rates would be a serious disadvantage
of MIPD, as this is a potentially life-threatening complication. The
pancreatic anastomosis should therefore be considered an essential
element of analyses. Importantly, some large registry studies reported
higher mortality after MIPD compared with OPD in hospitals that had
performed less than 10 MIPDs in total. Unfortunately, individual
deaths were not discussed,12 so it remains unknown whether
approach-specific complications, such as intraoperative organ injury,
POPF or hemorrhage, were related to the increased mortality.12,74
Additionally, baseline characteristics of operated patients were not
shown for low-volume versus high-volume centers.74
It is very likely that the surgical learning curve plays an
important role in the outcome of individual studies. Abdelgadir
Adam et al12 showed that 30-day mortality after MIPD was almost
twice as high as 30-day mortality after open PD during the first phase
www.annalsofsurgery.com | 261
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FIGURE 2. Forest plots of patient characteristics. A, Body mass index (kg/m2). B, Tumor size (mm). C, Cancer diagnosis.

of the surgical learning curve and only becomes comparable for both
groups when around 60 procedures have been performed. These
higher mortality rates were not seen in individual reports from highvolume centers that may already have completed the surgical
262 | www.annalsofsurgery.com

learning phase. Very few centers report on their first MIPD cases,
so outcomes during this phase are currently largely unknown.
Mortality after PD has decreased significantly due to centralization
of pancreatic surgery and the introduction of a new technique should
ß
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FIGURE 3. Forest plots of operative and pathology outcomes. A, Operative time (minutes). B, Blood loss (mL). C, R0 (microscopically
radical) resection. D, Lymph node harvest (nodes).
ß
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FIGURE 4. Forest plot of postoperative outcomes. A, Mortality.
B, Clinically relevant postoperative
pancreatic fistula. C, Clinically relevant delayed gastric emptying.
D, Length of hospital stay (days).

ideally not compromise these outcomes. Structured training programs might help surgeons to safely implement new surgical procedures, such as MIPD. Several techniques have been described
to introduce MIPD, such as by Speicher et al,29 who first used a
264 | www.annalsofsurgery.com

hybrid technique, where the surgical resection was performed
via a laparoscopic approach and the surgical reconstruction via a
minilaparotomy. After performing 10 hybrid procedures, the surgeon
was considered qualified to start with total laparoscopic procedures.
ß
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program. Given the presence of selection bias, publication bias, and
higher mortality in low-volume hospitals, future large prospective
studies on MIPD in high-volume centers are needed before wider
implementation of MIPD can be advocated.
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randomized controlled trials, if we want to elucidate on the actual
impact of MIPD.

CONCLUSIONS
This systematic review and meta-analysis showed that, in the
presence of selection and publication bias, outcomes after MIPD
seem superior for intraoperative blood loss, delayed gastric emptying, and length of hospital stay. MIPD should probably only be
implemented in high-volume centers within a structured training
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