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Abstract: Laparoscopic pancreaticoduodenectomy (LPD) is an extremely challenging surgery. First
described in 1994, LPD has been gaining a favorable position in the majority of pancreatic surgery. Now,
LPD is worldwide accepted. A literature search was conducted in PubMed, and only papers written in
English containing more than 26 publications of LPD were selected. Papers in distal and robotic pancreatic
procedure were not included in the review of a total of 222 LPD publications. The total number of patients
analyzed was 1,082 from 25 articles and the largest series. Six of these studies came from the United States, 1
from France, 5 from South Korea, and 1 from India, 2 from Japan, 5 from China, I from Italy, I Germany, 2
from UK. The overall pancreatic fistula rate was 20.5%. The overall conversion rate was 10.4%. LPD seems
to be a valid alternative to the standard open approach with similar technical and oncological results. LPD
is a safe procedure, providing many of the advantages typically associated with laparoscopic procedures. We
expect this operation to continue to gain in popularity as well as be offered in increasingly more complex
cases. In future studies, it will be beneficial to look further at the oncologic outcome data of LPD including

survival.
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Introduction and the technical difficulty in performing such a minimally
Laparoscopic pancreaticoduodenectomy (LPD) remains one invaswe ap 'proach (1).hMo}(116rn meldlc.me‘ hz;s I}I:tr;dlilcei
of the most advanced laparoscopic procedures. Owing to the aparoscopic surgery that has revolutionized the field 0

evolution in laparoscopic technology and instrumentation pancreatic surgery so that, by now, surgical procedures

within the past decade, LPD is beginning to gain wider for either benign or malignant pancreatic disease can

acceptance. While minimally invasive approaches are more
feasible and very safe, some pancreatic surgeries are still
performed in an open procedure because of the location and
intimate relationship of the pancreas to major blood vessels,
the reconstruction complexity of a pancreatoduodenectomy
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be performed laparoscopically. The general differences
between an open approach and a laparoscopic surgery
are the methods of access and exposure and the degree of
operative trauma (2). In line with significant development

and maturation of surgical technologies, the numbers
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222 articles identifed after PubMed search
for publishing literature of LPD

Y

Full text articles assessed for eligibility n=25

| 25 articles reported 1,082 patients
“1 LPD

Figure 1 Literature search. LPD, laparoscopic pancreaticoduodenectomy.

of such laparoscopic pancreatic surgeries have increased
each year. However, although clinical procedures were
initiated around 2 decades ago, laparoscopic pancreatic
surgery, specifically LPD, is still in its infancy; thus, certain
innovations and novel strategies to manage this kind of
procedure still need to be explored.

Methods and materials

A literature search was conducted in PubMed. Papers in
laparoscopic distal pancreatectomy and robotic pancreatic
procedure were not included in the review. The final
search was completed on December, 2016 and revealed 222
articles and papers written in English containing more than
25 publications of LPD were selected. The total number
of patients analyzed was 1,082 patients, and the largest
series. Six of these studies come from the United States,
1 from France, 5 from South Korea, and 1 from India, 2
from Japan, 5 from China, 1 from Italy, 1 from Germany,
2 from UK. 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, mortality. Oncologic data including
number of lymph nodes removed, and resection was also
recorded (Figure I).

Results
LPD

The first LPD procedure was described by Gagner and
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Pomp in 1994 (3). Despite being first carried out 2 decades
ago, it has not yet gained universal acceptance and
popularity as it requires highly advanced technical skills
with a lengthy learning curve, requiring a longer operative
time (4). Despite the difficulty and complexity of this
surgical procedure, LPD has been progressively developed
in specialized centers due to the availability of newer
technologies, successful application of laparoscopy in
other complex abdominal surgeries and the motivation by
surgeons to embrace innovation in the modern world (5).
Recent reports on a large series of LPD demonstrated
that the procedure might not only be feasible, but
that it might have advantages as compared with open
pancreaticoduodenectomy (OPD). According to Li ez al. (6),
their experience of LPD showed shortened hospitalization
time and that operation time for experienced surgeons
was significantly shorter than their previous attempts.
Accordingly, blood loss was less, overall length of hospital
was shorter, post operation pain was less and a faster
recovery time were just some of the perceived benefits of
LPD over open procedures (7).

Boggi et al. (5) has published a large review incorporating
25 articles wherein four techniques currently used for
LPD (pure, hand-assisted, robot-assisted laparoscopy and
laparoscopic-assisted surgery) were summarized. There
were a total of 746 LPD surgeries between 1997 and
2013, with numbers generally increasing per year (based
on published articles; from Boggi er 4/., 2014) (5). Among
the four techniques, pure laparoscopy gained the highest
preference with more than half of the total LPD (51.7%)
while the hand-assisted operation had the smallest number,
around 0.6%. Not including the hand-assisted LPD, the
other three operations obtained similar results with regard
to the overall morbidity and mortality. However, in terms
of blood loss, operative time and pancreatic fistula rates,
pure laparoscopy had preferable results over the other
two operations. Meanwhile, robotic-assisted LPD (RA-
LPD) was also becoming popular; however, this system is
not evenly available throughout the world (8), as the cost
for this approach remained high and several limitations
were reported for the use of this system such as the risk of
malfunction and system collision (9,10), the lack of haptic
feedback and the inability to move the patient after the
robot has started operating (10), among others. Despite
these limitations, performing this RA-LPD improves
the dexterity of surgeons and surgical maneuver is easier
compared to the open approach. Interestingly, using the
data of all four techniques mentioned above (see Tuble 1),
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the number of LPD (Figure 1) reported in a more than a
year (from January 2012 to June Ist 2013) has exceeded the
LPD reported in the last 15 years and is a proof that LPD
has quickly matured into an acceptable surgical procedure
at least in specialized centers and in the hands of surgeons
with highly advanced laparoscopic skills (5).

Comparison between LPD and the open approach

Asbun and Stauffer (4) have compared the outcomes of
patients who have undergone LPD with those patients who
have undergone OPD based on morbidity and mortality,
in a 6-year period (between 2005 and 2011). According to
the results, significant differences were observed in favor
of LPD that included shorted intensive care unit (ICU)
and hospital stay, lower blood loss and transfusions, and
higher retrieval of lymph nodes. Although operative time
was statistically longer for LPD, there were no difference
in overall complications and pancreas fistula between
LPD and OPD. Therefore, Asbun and Stauffer (4) have
suggested that LPD is safe and feasible and the outcomes
were better than OPD. Aside from this, LPD could also
offer an extended long-term survival after the operation (13).
However, technical difficulty and complexity of this
procedure still remain a limitation (4), and other authors
still contend that LPD had no significant advantages over
OPD since there were no significant differences in terms of
blood loss, morbidity, number of lymph nodes harvested,
mortality and RO resection rate (24), which was not in
agreement with more recent reports (13,18,30,31) among
others.

Kuroki er a/. (31) made a retrospective analysis
comparing the outcomes of laparoscopically-assisted
pancreaticoduodenectomy (LA-PD) and OPD surgeries
among 51 patients (n=20 for LA-PD while n=31 for OPD)
with pancreatic and periampullary disease. According to
their data, operative time and post-operative complications
did not differ significantly between the two groups while
blood loss was much less in the LA-PD group. This
reduced blood loss in minimally invasive surgeries has also
been recognized by other authors (30,37). As such, Kuroki
et al. (38) concludes that LA-PD is safe, feasible and has
an advantage of less blood loss, as is usually the case in
minimally invasive surgeries. With regard to operative
time, it has been shown that mean time of operation can be
lessens with improved skills. For example, Kim ez /. (20)
recorded a reduction in mean operation time from 9.8 hrs
(for the first 33 patients) to 6.6 hrs (for the last 40 patients).
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Kendrick er al. (23) also reported a reduction in operative
time to 5.3 hrs from the previous 7.7 hrs. Because of these
findings, it can also be elicited that LPD can be performed
efficiently and safely by experienced and highly skilled
surgeons, although the learning curve is steep. Also,
standardizing LPD protocols may potentially help shorten
LPD operative time (38). However, according to Corcione
et al. (21), LPD does not provide significant benefits
compared to the open approach but may do in specialized
centers with surgeons who have acquired highly advanced
skills in LPD.

In another study, Croome et a/. (18) evaluated the
advantages of total laparoscopic pancreaticoduodenectomy
(TLPD) (n=108) over OPD (n=124) for pancreatic ductal
adenocarcinoma performed from January 2008 until July
2013. The results showed that after operation, the OPD
group stayed longer in the hospital (average: 9 days)
compared to the TLPD group (average: 6 days). Moreover,
progression-free survival was longer in TLPD compared
to the PDC group. In patients administered with adjuvant
chemotherapy, median time until commencement of
treatment was also shorter in TLPD (48 days, ranging from
17-116 days) compared to OPD (59 days, ranging from
25-302 days) and a significantly smaller proportion of
patients in the TLPD group had a delay of more than
56 days. Intraoperative transfusions and delayed gastric
emptying occurred less frequently in the TLPD group. In
terms of overall survival, there was no significant difference
between the two. Based on these results, Croome et /.
[2014], has emphasized that the TLPD was not only feasible
but also had significant advantages over the traditional open
approach. Furthermore, Jacobs and Kamyab [2013] have
also evaluated the oncologic outcome of TLPD and based
on their experience, complication rates were equivalent or
improved in TLPS compared to the traditional Whipple
procedure. The patients also had a faster recovery and
shorter length of stay and a better quality of life.

Comparison between RA-LPD and OPD

Chalikonda er /. (30) made a comparison between the
outcomes of RA-LPD and OPD among 60 patients (n=30
for RA-LPD and n=30 for OPD). Based on their case-
matched data, the mean operative time for RA-LPD is
longer than OPD while the blood loss and length of stay
were decreased in the RA-LPD compared to the OPD.
Albeit one perioperative death was experienced in the RA-
LPD group that has led to emergent conversion to OPD,
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the need for re-operation did not differ between the two
groups. Chalikonda er /. [2012] has recognized surgical
robots as having the potential to overcome some technical
difficulties associated with laparoscopy and, with the
necessary skills needed to perform such operation aligned
with the proper selection of patients, good outcomes are
achievable with RA-LPD. The only drawback that was
mentioned was the high capital and maintenance costs
of RA-LPD plus the added costs associated with longer
operative time. Accordingly, the reduced morbidity after
RA-LPD made it an acceptable and reasonable surgical
approach, for appropriately selected patients (30).

In another study, a comparison was done between RA-
LPD and OPD surgeries (Lai et 4/., 2012) among 87 patients
(n=20 for RA-LPD and n=67 for OPD) who underwent
either of the two operations from January 2000 to February
2012. The results for RA-LPD were longer operative time,
less blood loss and shorter hospital stay, in concurrence with
the results reported by Chalikonda et /. (30). Furthermore,
there were no statistically significant differences between
the two groups in terms of complication and mortality rates
and total number of lymph nodes harvested. As such, Lai
et al. (33) has recognized the safety and feasibility of RA-
LPD, although caution should be carefully observed
to evaluate the appropriateness of this procedure
for each patient. More recently, Parisi ez a/. (39), has
also recognized the evolution of minimally invasive
pancreaticoduodenectomy through robotic technology,
suggesting it to be feasible, reproducible and safe.

Recently, Chen er al. (32), has also published a study
comparing RA-LPD and OPD among 180 patients
(n=60 for RA-LPD and n=120 for OPD) who underwent
such operations between January 2012 and December
2013. According to the results, patients who underwent
RA-LPD had lesser blood loss, longer but decreasing
operative time, resumed bowel movement faster, off-
bed return to activity faster and length of hospital stay
shorter compared to patients who underwent OPD. Based
on mortality, morbidity, and disease-free survival, there
were no significant differences between the RA-LPD and
OPD groups. Hence, the author suggested that RA-LPS
is associated with faster recovery, but it involved a large
learning curve for surgeons. Tzble 1 summarizes the intra-
and postoperative outcomes of different studies on LPD.

Modifications of the LPD procedure

More recently, Liu ez al. (16) has reported a modification
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of the LPD procedure. With accumulated substantial
experience in laparoscopy, a modified and simpler
procedure, called the reverse-“V” approach, was developed
to optimize LPD for appropriately selected patients. This
modified approach is advantageous as it helps in avoiding
pancreatic leakage and also lessens difficulty in the surgical
union of tubular parts (anastomosis). The procedure was
done in four ports (see Liu et al., 2015, for the detailed
procedure) in 21 patients. Based on the results, the median
blood loss was less (240 mL) as was the operative time
(368 minutes). The reported blood loss and operative
time for this study is in fact lower than previous studies
(22,40). There was also no perioperative mortality reported.
Therefore, LPD using a reverse-“V” approach is safe,
which can give good results and can be used in treating
localized malignant lesions. Since this surgical procedure is
feasible and simple at the same time, further investigations
should be continually carried out. However, even though
this procedure is simpler compared to the traditional LPD
procedure, surgeons attempting should be equipped with
advanced skills in pancreatic surgery and laparoscopy to
avoid complications (14).

Conclusions

It is clear that benefits of LPD over OPD are relative to
the respective skill and experience of the surgeon carrying
out the procedure. Therefore, in order to continue the
improvement of LPD techniques, it is vital to standardise
surgical training and carry out further research to identify
which aspects of LPD instruction most efficiently
teach surgeons to reduce blood loss, tissue trauma and
complications. However, when researching this we must be
mindful of the extent that the skill of the surgeon has on
the outcome of the operation and the differing abilities of
surgeons to learn at different stages of the learning curve.
Therefore, a possible avenue to achieve this would be
using surgical simulation machines to assess how different
instructional methods affect blood loss and trauma incurred
in subsequent simulated operations.
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