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Introduction

Pancreatic cancer is the 12th most common cancer in the 
world, with 338,000 new cases diagnosed in 2012 (1). In 
the United States in 2014, it affected over 46,000 people 
resulting in a mortality 39,590 individuals (2). The 
treatment—pancreaticoduodenectomy (PD) has seen 
improved perioperative outcomes and complication rates 
over the last few decades (3-6). Nevertheless, it continues 
to be a morbid operation with complications ranging 
from 24-59% (7-9). Laparoscopic surgery reduces surgical 
morbidity in various operations, however laparoscopic 
pancreaticoduodenectomy (LPD) is a relatively new 
procedure which lacks a clear consensus regarding its 
benefits (10-14). Although the first published case was 
described in 1994, it has been slow to gain popularity (15). 
This is likely in part due to the challenging technical aspect 
of the procedure including the retroperitoneal location 
of the pancreas, close vicinity to the superior mesenteric 
artery and vein, portal vein and hepatic arteries and the 
technical difficulty of three anastamosis. In recent years, 
however, we have seen an increasing number of studies 
examining LPD. Initial research evaluated feasibility 

and outcomes, assessing whether LPD could be done 
with adequate safety (16-23). The question then moved 
from is LPD safe to how does it compare to the open 
approach? Will it appreciate the same benefits of other 
laparoscopic surgeries? Partially enabled by higher volumes 
at specialized centers, studies began comparing LPD with 
open pancreaticoduodenectomy (OPD). Although there 
are a handful of pancreaticoduodenectomy review articles 
evaluating LPD in the literature, many include papers with 
limited sample sizes and case reports. Our goal with this 
review was to examine the larger sampled articles available 
and evaluate the present state of LPD. 

Methods 

A literature search was performed in the PubMed 
da tabase  u s ing  MeSH terms  “ l aparoscopy”  and 
“pancreaticoduodenectomy”. The final search was 
completed on February 20, 2015 and revealed 180 articles. 
We identified only those in English involving total LPD 
with over 20 patients in the study. Irrelevant articles, review 
articles, those with less than 20 patients, laparoscopic 
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assist, robotic, and hybrid focused studies were excluded. 
Those involving colon, spleen, biliary resections, porcine 
models, and articles published prior to 2005 were also 
excluded from the study. Two researchers (JM and AP) 
worked through these criteria independently and identified 
12 studies deemed suitable. For our descriptive analysis 
we used only one article per institution when multiple 
publications originated from a single center to avoid 
overlap. In these instances we chose the most recent article. 
Following this exclusion, we were left with eight articles. 
See Figure 1. 

In the literature review, both descriptive and comparative 
studies were found. We extracted technical, perioperative 
and intraoperative data. This included conversion rate, 
operative time, and intraoperative blood loss. We also 

collected information on hospital length of stay, pancreatic 
leak, delayed gastric emptying, post-operative bleeding, 
abscess formation and short term mortality. Oncologic data 
including proportion of patients with invasive malignancy, 
number of lymph nodes removed, and margin status was 
also recorded. Five-year overall survival was not available 
in most studies and the diversity of malignant etiologies in 
patients made this more difficult to interpret collectively. 
In our descriptive analysis, we used a weighted average to 
calculate our various rates based on the number of subjects 
in each study.

Results

Descriptive analysis 

A total of eight articles were included that met our inclusion 
and exclusion criteria. Year of publication ranged from 
2009 to 2015. There were a total of 492 patients who 
underwent LPD included in our review. All of the studies 
were retrospective. Three studies were purely descriptive 
in nature and the remaining five articles compared 
laparoscopic and OPD. Regarding article country of origin 
there were 4 from USA, 1 from Korea, 1 from India, 1 from 
Japan, and 1 from Italy (19,24-30). See Table 1.

Purpose for PD ranged from treatment of benign 
and low-grade malignancies to high-grade malignancies 
such as pancreatic ductal adenocarcinoma, ampullary 
adenocarcinoma, cholangiocarcinoma, and metastatic 
renal cell carcinoma. The percent of LPD for high-grade 
malignancy in studies reviewed ranged from 10.1% to 
100%, with an average of 47% over all cases.

Although documented in only four articles, rate of 
laparoscopic pylorus preserving pancreaticoduodenectomy 
was found to be the technique of choice in 63% of cases, 
ranging from 0 to 100% per article. Additionally, five 
studies discussed pancreatic duct anastomosis technique, of 
which four used an end to side anastomosis, and one used 
both end-to-end and end-to-side technique. Conversion 
rate to open was noted in 7 of the 8 articles. The average 
rate of conversion ranged from 0-15%, with an average 
over all cases of 13%. Average operating time among 
patients undergoing LPD was 452 minutes, ranging from 
357 to 551 minutes. There did appear to be a significant 
improvement in operating time depending on the 
experience of the surgeon. Average blood loss for LPD was 
369 cc’s, ranging from 74 to 592 cc’s. This also improved 
considerably based on surgeon experience.

Figure 1 Literature search.

Records identified 
through search 

N=180

Full text articles 
assessed for 

eligibility n=12

Repeat institution 
articles removed 

for desciptive 
analysis n=8

Records 
screened 

n=46

Table 1 Articles reporting on 20 or more laparoscopic 
pancreaticoduodenectomies

Author Year Number of cases Country

Asbun 2012 268 USA

Croome 2014 322 USA

Speicher 2014 56 USA

Song 2015 2,192 Korea

Palanivelu 2009 75 India

Mesleh 2013 123 USA

Honda 2013 26 Japan

Corcione 2013 22 Italy
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Pancreatic leak information was available in all eight 
papers, and ranged from 6.7% to 29.9% of cases per article. 
The average pancreatic leak proportion was 15%. Over all, 
the average delayed gastric emptying rate was 8.6%, ranging 
from 3.2% to 13% over included studies. The average 
length of hospital stay for LPD patients was 9.4 days, ranging 
from 6 to 20 days per article. This data was reported in 7 
of the 8 articles. Finally, short-term mortality, defined as all 
cause mortality less than 100 days from surgery, was 2.3% 
over all studies. See Table 2.

Although survival data was rarely available and difficult 
to interpret with varying malignant etiologies, we did 
record two surrogates for oncologic outcomes—number 
of LNs removed and margin free resection. Firstly, the 
average number of lymph nodes removed was recorded in 6 
of the 8 articles, ranging from 14 to 23.4 nodes. Margin free 
resection ranged from 77% to 100% and was available in six 
studies. 

This data, although not directly comparing LPD 
to OPD, does show that LPD is safe and feasible with 
acceptable outcomes. Descriptive studies such as these 
have led to more acceptance in the surgical community of 
this complex laparoscopic surgery. One hindrance to the 
utilization of more surgeons performing this technique is 
likely the technical difficulty and the lack of formalization of 
education in this technique. Interestingly, some studies have 
specifically looked at this learning process with encouraging 
findings. 

Learning curve

A number of the studies we include in our review address 
the learning curve required for LPD with promising 

findings. Surgeons performing LPD do indeed improve 
significantly over time, with decreased operative times, 
blood loss, pancreatic leak rates, and length of hospital 
stay. For example, Kim et al. (22), in a study of 100 
consecutive cases of laparoscopic pylorus preserving 
pancreaticoduodenectomy performed by the same surgeon 
found that when they divided these patients into three 
chronological periods, there were significant outcome 
improvements. For example, operative times went from 
9.8 hours in period one to 6.6 hours in period three. 
Length of hospital stay went from 20.4 to 11.5 days, and 
complication rate (including pancreatic fistula, ileus, 
bleeding, delayed gastric emptying) went from 33.3% 
to 17.6% in period one and three, respectively. A study 
by Speicher et al. (28) divided LPD into three cohorts 
of ten patients (last cohort had six patients) based on 
order performed, and found that operative time as well as 
blood loss decreased. Additionally, they proposed a staged 
learning process, with separate performance measures that 
progressed in difficulty as the operator’s skill improved. 
These authors found the learning curve for LPD involved 
a slow difficult beginning phase, a precipitous acceleration 
in improvement phase, and finally a plateau phase with 
slow but continued improvement over time. Finally, Song 
et al. (24) performed a matched cohort analysis comparing 
LPD vs. OPD. They found that when dividing their LPD 
patients into early and late groups consisting of 47 and 
50 patients respectively, the late group had significantly 
shorter operative times (399.4 vs. 566.5 minutes, P<0.001), 
less EBL (503 vs. 685 cc’s, P=0.018), and shorter length of 
hospital stay (11.2 vs. 17.3 days, P<0.001).

Although these improvements may be intuitive as 
surgeons move along the learning curve, the significant 

Table 2 Descriptive data of laparoscopic pancreaticoduodenectomy

Author
Malignant 

etiology (%)

Conversion 

rate (%)

Operative  

time (min)

Blood  

loss (cc)

Hospital  

stay (days)

Pancreatic 

leak (%)

Delayed gastric 

emptying (%)

Short-term 

mortality (%)

Asbun 64 15 541 195 8 16.7 11.3 5.7

Croome 100 7 379.4 492.4 6 11 9 2

Speicher NR 0 381 200 8.5 16 NR 4

Song 10.1 NR 480.4 592 14.1 29.9 3.2 0

Palanivelu 96 0 357 74 8.2 6.7 NR 1.3

Mesleh 79 10 551 NR 7 9 13 NR

Honda 46 2 519 303 NR 23 11.5 0

Corcione 100 2 450 NR 20 27 NR 4.5

NR, not recorded.
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progress observed by these authors, including the decreased 
rate of complications is encouraging. With appropriate 
guidance, we expect more surgeons to move to LPD.

Open vs. LPD

As initial studies have showed the feasibility and safety of 
LPD, more recent studies are directly comparing OPD 
to LPD. In our review, we found 6 articles that met our 
inclusion and exclusion criteria that compared these 
surgeries. Articles were published between 2012 and 2015, 
and were all retrospective in nature. Study subjects ranged 
from 56 to 680 individuals per study, and five papers 
originated from the USA. The remaining study was from 
Korea. We will examine these on a study-by-study basis in 
order of publication. 

In 2012 Asbun et al. (25) published an article in JACS 
which compared 215 OPD with 53 LPD that underwent 
surgery between 2005 and 2011. These cohorts were well 
matched for gender, comorbidities, ASA score, BMI, and 
age. Authors state selection criteria was based mainly on 
patient preference and not clinical factors, although if 
major vascular resection was required or the abdomen was 
expected to be hostile either open or laparoscopic with a 
low threshold to convert to open was performed (these 
patients were analyzed on a non-intention to treat fashion). 
They found that the LPD group had less intraoperative 
blood loss (1,032 vs. 195 cc’s, P<0.001), PRBC transfusions 
(4.7 vs. 0.64 U, P<0.001), decreased ICU stay (3 vs. 1.1 days,  
P<0.001), and overall hospital stay (12.4 vs. 8 days, 
P<0.001). LPD patients did have increased operative time 
(401 vs. 541 minutes, P<0.001). Rate of complications, 
including pancreatic leak rate and delayed gastric 
emptying, were similar between the groups. In terms 
of oncologic data, numbers of lymph nodes removed as 
well as lymph node ratio were better for the LPD group 
(16.84 vs. 23.44, P<0.001 and 0.241 vs. 0.159, P=0.0072, 
respectively). Furthermore, margin status, number of 
patients utilizing adjuvant chemotherapy, and time to 
start adjuvant treatment was similar between groups. This 
article demonstrates possible benefits of the laparoscopic 
procedure over open. The finding of an improved LN 
resection with LPD is very interesting. However, as 
patients requiring major vascular resection and those with 
hostile abdomens were more likely to be in the open group, 
there is potential for selection bias that affected the results 
in favor of the LPD group.

Mesleh et al. (30) published an article 2013 which 

addressed the issue of cost of OPD vs. LPD. Their study 
included 48 OPD and 75 LPD who underwent operation 
between 2009 and 2012. Patients appear matched on 
demographic data and difficulty of the operation. There 
were ten patients requiring conversion to open. Analysis 
was completed on an intention to treat basis. Authors 
extracted cost information, divided into “admission” and 
“surgical” cost. They found that while “surgical” cost was 
higher for the laparoscopic group, “admission” cost was 
greater for the open group. The increased “surgical” cost 
was tied to the longer OR time as well as more expensive 
surgical equipment. On the other hand, “admission” cost 
was less for the laparoscopic group. These differences in 
part cancelled each other out and overall cost (converted 
from dollars to “units” for this publication) was similar 
between OPD vs .  LPD groups (154 vs .  173 units, 
P=0.5). As a side note, the authors also found that the 
LPD group had increased lymph node retrieval as well 
as decreased blood loss compared to OPD. Although 
these cost findings may not be generalizable to other 
institutions, this is an important article as it shows LPD 
may not actually be more expensive overall, which is a 
common assumption. Furthermore, as the learning curve 
improves, surgical cost of LPD should decrease with 
operative times.

One criticism of many comparison studies is that 
there is inherent bias in favor laparoscopic approaches, 
as the more difficult resections are reserved for the open 
surgeries. In 2014, Croome et al. (31) in part addressed this 
issue by comparing only LPD vs. OPD with comparable 
vascular resections. Their study included 58 OPD and 31 
LPD cases, all requiring major vascular resections. Patients 
were similar in demographic data with the exception that 
the LPD group was significantly older (63.6 vs. 69.5 years, 
P=0.01). There was no difference in the distribution or 
difficulty of vessels requiring resection between groups. 
Operative time was similar between the OPD vs. LPD 
groups (465 vs. 465 minutes, P>0.99), although clamp 
time was greater in the laparoscopic group (25.1 vs. 
46.8 minutes, P<0.001). As seen previously, blood loss 
was less in the laparoscopic group (1,452.1 vs. 841.8 cc’s, 
P<0.001) as well as length of hospital stay (9 vs. 6 days, 
P=0.006). In terms of oncologic data, LPD group had 
more lymph nodes harvested (15.9 vs. 20 nodes, P=0.01), 
and greater R0 resection (75.9 vs. 93.5%, P=0.038). These 
improved oncologic variables did not translate to improved 
survival, as intention-to-treat analysis using Kaplan-Meier 
survival estimates were similar (P=0.14). In-hospital  
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30-day mortality was similar between groups as well 
(P=0.96). Although these authors admittedly have advanced 
technical expertise in LPD, the fact that they have similar 
and in some cases improved results even in the context 
of difficult laparoscopic cases involving major vascular 
resections underlines the future possibilities of LPD. 
Furthermore, the improved oncologic data begs the 
question—is there potential for a survival benefit with the 
laparoscopic approach? 

In an attempt to answer this, Croome et al. (27) 
performed another study looking specifically at patients 
undergoing PD for pancreatic ductal adenocarcinoma 
(PDA) only, and compared open vs. laparoscopic surgery 
to assess whether there were oncologic differences. They 
compared 214 OPD and 108 LPD patients who underwent 
surgery from 2008 to 2013. They not only compared 
the typical perioperative variables, but also looked at 
proportion of patients undergoing chemotherapy, time to 
start chemotherapy, and delay of chemotherapy. Firstly, 
they found similar operative times, tumor characteristics, 
margin status, number of nodes resected, and perioperative 
complications (including pancreatic fistula, delayed gastric 
emptying, short term mortality) between groups. LPD was 
associated with decreased blood loss (866.7 vs. 492.4 cc’s, 
P<0.001), blood transfusion (33% vs. 19%, P=0.01), and 
length of hospital stay (9 vs. 6 days, P<0.001). By looking 
solely at patients with PDA, the authors were able to more 
precisely compare oncologic outcomes between LPD and 
OPD groups. Interestingly, they found that not only was 
time to adjuvant therapy less for the LPD group (59 vs. 
48 days, P<0.001), but delay beyond 8 weeks and number 
not receiving treatment (or delay beyond 3 months) was 
also less for the LPD group (41% vs. 27%, P=0.01 and 
12% vs. 5%, P=0.04, respectively). In their survival analysis, 
they found that progression free survival was superior in 
the LPD group compared to the OPD (P=0.02) but overall 
survival was similar (P=0.12). Although no overall survival 
difference was appreciated, the fact that progression free 
survival improved is encouraging. Further studies should be 
done with larger sample size to further analyze survival. 

A study by Speicher et al. (28), as discussed previously, 
primarily studied the learning curve for LPD. However, 
they also compared LPD vs. OPD. Their overall findings 
were consistent with most other studies, in that LPD was 
associated with less blood loss, higher lymph node harvest, 
and similar post op morbidity. They found that the early 
laparoscopic cases had worse outcomes compared to open, 
but over time these variables improved substantially and 

overall results were as stated. 
Finally, the most recent article, published by Song et al. (24) 

in 2015 comprised 576 OPD and 104 LPD after exclusions. 
They performed a matched analysis with the benign and low-
grade malignancy patients that consisted of 93 OPD controls 
and 93 LPD cases. Exclusion criteria for the LPD group were 
vascular involvement, severe pancreatitis, trauma or injury, 
and history of major abdominal surgery. They also analyzed 
patients with carcinoma in a separate analysis, comprising 
483 OPD and 11 LPD patients. Exclusion criteria were 
similar for matched analysis but also included patients with 
severe cardiopulmonary morbidity. Results found that in the 
matched comparison, LPD had longer operative times (347.9 
vs. 482.5 minutes, P<0.001), similar blood loss (570 vs. 609 
cc’s, P=0.5), shorter length of hospital stay (19.2 vs. 14.3 days, 
P<0.001), and decreased analgesic injection requirement. 
Major complications, including pancreatic fistula and delayed 
gastric emptying were similar. In terms of the oncologic 
outcomes for those patients with high-grade malignancy, 
they found no difference in lymph nodes removed or 5-year 
overall survival. Margins were also similar.

Comparison of LPD and OPD suggest that although 
the laparoscopic approach has increased operative times, 
complication rate and mortality are similar. Additionally 
blood loss,  length of hospital stay, and oncologic 
outcomes appear better in most studies. Although many 
of these papers had similar demographic characteristics 
between groups, selection bias favoring LPD continues 
to be a problem. Many studies excluded patients with 
vascular involvement or higher risk surgical candidates. 
It is promising, however, that when surgical difficulty 
was similar, as shown by Croome et al., the LPD group 
continued to have good outcomes. Although a randomized 
controlled trial is needed to best evaluate differences 
between these groups it would be quite difficult to set up, 
especially as many LPD are done at centers specializing 
in this procedure with patients going to them specifically 
for laparoscopic surgery. However, as further studies are 
performed the evidence illustrating the benefits of LPD will 
likely strengthen. Furthermore, it will be an important topic 
in future research to evaluate how LPD affects oncologic 
outcomes, especially survival. Any meaningful improvement 
in survival would be a great advancement in the treatment 
in periampullary cancer. 

Conclusions

LPD is a safe operation that provides many of the benefits 
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associated with laparoscopic surgery. We expect the 
prevalence of this operation will continue to grow in the 
future and will also likely be utilized in increasingly more 
difficult cases. Future studies should minimize selection 
bias and also focus on further evaluating oncologic outcome 
differences between LPD and OPD.
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