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Abstract

Introduction The implementation of laparoscopic pancreaticoduodenectomy (LPD) has been appropriately met with
apprehension, and concerns exist regarding outcomes early in a program’s experience. We reviewed our early experience
and outcomes of LPD.

Methods A retrospective review of patients undergoing LPD was compared to a matched cohort of open pancreaticoduo-
denectomy (OPD) patients. The endpoints are as follows: age, gender, ASA score, BMI, operative time, estimated blood
loss, perioperative transfusion requirement, intensive care unit stay, margin status, lymph node count, 90 day morbidity and
mortality, length of stay, and adjuvant therapy treatment.

Results Fourteen patients underwent an attempted LPD. The median operative time was 456 min (interquartile range (IQR),
109.5), median estimated blood loss was 300 ml (IQR, 225), and 29% of the patients required a perioperative blood
transfusion. A conversion was necessary in two patients (14%). A malignancy was present in 12 patients. The mean tumor
size was 2.2 cm (standard deviation (SD), 1.1), the mean lymph node count was 18.5 (SD 6.2), and an RO resection was
achieved in all 12 cases. Clavien grade I/Il complications occurred in 42% of the patients, and Clavien grade III/IV
complications occurred in three (20%). There was one late postoperative death. The median length of stay was 8§ days.
Compared to OPD, LPD took longer to perform, but no differences were noted with respect to blood loss, morbidity,
mortality, RO resection rate, and LN harvest.

Conclusions LPD can be implemented in a high-volume pancreatic surgery center with acceptable oncologic and patient
outcomes.
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morbidity have been observed in the laparoscopic treatment
of various gastrointestinal malignancies.®® Radical pan-
creaticoduodenectomy has been historically plagued by
high rates of morbidity. This compromises the quality of
life and precludes the administration of adjuvant chemo-
therapy to an unacceptably high number of cancer patients.
Thus, the potential benefit of LPD compared to traditional,
open techniques warrants exploration.

Due to the inherent learning curve required to master novel
procedures, there are significant concerns that patient safety
and operative outcomes will be compromised as surgeons
with varying pancreatic and/or laparoscopic surgical experi-
ence begin to perform LPD, and the existing literature does
not address this issue. To this end, we reviewed our initial
experience with LPD as performed by a single, high-volume
pancreatic surgeon with extensive laparoscopic surgical
experience in a tertiary care setting. We present the prepara-
tion taken prior to the performance of LPD, the criteria utilized
for patient selection and report on postoperative oncological
surrogate markers and clinical outcomes. We conclude that
laparoscopic pancreaticoduodenectomy can be safely imple-
mented in a high-volume pancreatic surgery center without
subjecting patients to an unacceptably higher risk of compli-
cations or a compromise of oncologic surgical principles.

Methods

A retrospective review of a prospectively maintained database
was performed to identify all LPD performed at the University
of Pittsburgh Medical Center (UPMC) between September
2008 and March 2010. An open pancreaticoduodenectomy
(OPD) cohort matched for age, gender, comorbidities, body
mass index (BMI), pathological diagnosis, and tumor stage was
subsequently obtained from cases performed between January
2006 and August 2008. An approval by the University of
Pittsburgh Institutional Review Board was obtained to perform
this study, but was not required prior to the initiation of LPD
given prior publication of the procedure. Rather a full disclosure
regarding the surgical team’s status with respect to LPD was
provided to all of the patients. All cases were performed by a
single surgeon (SJH) in conjunction with a surgical oncology
fellow serving as first assistant. The primary surgeon is a high-
volume pancreatic surgeon with extensive experience in
minimally invasive surgical oncology having performed,
exclusive of laparoscopic cholecystectomy, over 500 cases of
minimally invasive procedures on the gastrointestinal tract,
including gastric, hepatic, pancreatic, and colorectal resections.

Patient Selection

Patient selection was determined, in part, using the UPMC
image-based mathematical model predictive of margin

@ Springer

negative resection (R0).'® This predictive model utilizes
computed tomography (CT) and endoscopic ultrasound
(EUS) imaging features to establish the probability of an RO
resection. All patients with lesions predicted by the model
to have an increased risk of a positive margin and patients
undergoing neoadjuvant therapy as part of a clinical trial
were excluded.

Staged Development of Operative Technique
and Experience

In order to achieve technical experience with LPD, the
surgical team performed four LPD procedures on fresh
frozen cadavers. These efforts focused upon trochar
placement and methods of exposure and reconstruction.
After comfort was reached in these regards, LPD resection
with intentional conversion to standard open technique was
performed on two patients. This step was taken to ensure an
acceptable operative time for the resection (lap OR
time <300 min), and to assess the adequacy of the resection
by open technique. These patients were excluded from the
current analysis.

Operative Technique

Port placement and utilization is depicted in Fig. 1. The
sequence of the dissection is altered in that the inferior
border of the pancreas and superior mesenteric vein
dissection is performed prior to the Kocher maneuver. All
arterial branches are controlled with clips or ligatures in
addition to bipolar electrocautery or stapling. The uncinate
process is dissected along the adventitia of the superior
mesenteric artery. An antrectomy, rather than pylorus
preservation, is routinely performed. The specimen is
placed in a bag for retrieval. Additional prophylactic
antibiotics are administered based upon the operative time
prior to the formation of a muscle-sparing, right lower
quadrant utility incision. A wound protector is also utilized.

For reconstruction, an end-to-side duct to the mucosa
pancreaticojejunostomy is fashioned in two running layers
of absorbable monofilament suture (polydiaxone) modified
from the technique described by Ohwada.'' An end-to-side
hepaticojejunostomy using a running 4—0 polydiaxone
suture is subsequently fashioned. The gastrojejunostomy
is performed antecolic using a stapled technique. Two
drains are routinely left in the vicinity of the pancreatico-
jejunostomy and the hepaticojejunostomy.

Endpoints
Data were obtained from both the electronic medical record

and outpatient clinic charts and included operative time
(minutes), blood loss (milliliters), intraoperative blood
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Fig. 1 The abdomen is entered using the Veres needle technique at port
E. The remaining ports are placed under direct vision, and the camera is
moved to port C. (1) Entry into the lesser sac, establishment of the plane
between the middle colic and gastroepiploic vessels, mobilization of
hepatic flexure/right colon, infrapancreatic portal vein dissection, and
cholecystectomy: ports D and E with surgeon on the left. (2) Kocher
maneuver, portal dissection, bile duct division (scissors), GDA ligation
(linear stapler): ports 4 and B with surgeon on the right, fixed liver
retractor through port E. (3) Mobilization of the ligament of Treitz: ports
A and B. (4) Division of antrum (linear stapler): port D by first assistant
on the left. (5) Pancreatic neck division (bipolar electrocautery with
scissors at pancreatic duct), uncinate resection (bipolar electrocautery and
clips): ports A, B, and D. (6) Specimen extraction: right lower quadrant
5-cm muscle-sparing incision (/) with wound protector. (7) Pancreatico-
jejunostomy (reconstructive limb brought behind the root of the
mesentery to create a neoduodenum): ports D and E with a surgeon on
the left, liver retractor removed. (8) Hepaticojejunostomy: ports 4 and B
with surgeon back on the right, liver retractor replaced in port E. (9)
Stapled gastrojejunostomy: ports 4 and B with surgeon on the right

transfusion, final pathological diagnosis, lymph node
harvest (n), margin status (RO versus R1), postoperative
complications, hospital length of stay (days), administration
of adjuvant therapy, and disease-specific and overall
survival. Identical data from a group of 14 OPD patients
were compared to the LPD cohort.

Statistical Analysis

Using the SPSS (Chicago, IL), data were imported and
verified. Descriptive statistics were performed to character-
ize the sample. With the exception of tumor size and
number of harvested lymph nodes, the data were non-
normally distributed therefore nonparametric statistics were
performed. Mann—Whitney U tests were used to test
between group differences with continuous variables and
chi-square analyses for categorical variables.

Results

Between September 2008 and March 2010, 14 patients
underwent a planned LPD. A matched cohort of 14 OPD
patients was treated between January 2006 and August
2008. The patient characteristics and operative data for both
groups are presented in Table 1. With respect to overall
health, 35.7% of the LPD patients were American College
of Anesthesiology Score (ASA) class II, and 64.3% of the
patients were ASA class III. The median LPD operative
time was 456 min (range, 334—583 min; interquartile range
(IQR), 109.5), and the median estimated blood loss (EBL)
was 300 ml (range, 150—1,300 ml; IQR, 225). Immediate
postoperative intensive care unit (ICU) care was deemed
appropriate for five LPD patients (36%), and four patients
received a perioperative (within 72 h) blood transfusion
(29%). The LPD median ICU stay was 0 days and the
median length of hospital stay was 8 days (range, 5—-28
days; IQR, 8.5). When compared to the OPD group, only
operative times were significantly different: LPD, 456 min
(range, 334—583 min) and OPD 372.5 min (range, 290—
628 min) (P=0.01).

The primary indication for LPD proved to be malignancy
(12 out of 14, 88%). Table 2 summarizes the final
pathological diagnoses. Initial patient selection intentionally
attempted to exclude ductal adenocarcinoma of the pancre-
atic head, and of the eight cases of pancreatic cancer, four
had preoperative clinical diagnoses of the distal bile duct or
ampullary cancer. The other four cases represented subse-
quent cases and lacked any features by imaging of portal
vein or celiac or superior mesenteric artery encroachment by
the neoplasm. Table 3 summarizes stage, margin, and lymph
node harvest data for both groups. Regarding the LPD
cohort, an RO resection margin was achieved in all 12 cases
of malignancy. The average tumor size was smaller in the
LPD group (LPD, 2.2 cm; range, 0.8—4.7 cm versus OPD,
3.6; range, 3—5 cm; p=0.02), and the mean number of
retrieved lymph nodes was comparable: LPD, 18.5 (range,
12-31); OPD, 19.1 (range, 10-36) (p=0.85). The one T4N1
lesion in the LPD group was a duodenal adenocarcinoma
with invasion of the pancreatic parenchyma and common
bile.

The postoperative outcomes and complications are
summarized in Table 4. No significant differences were
noted with regard to postoperative morbidity between the
two groups. A conversion to an open procedure was
necessary in two cases (14%). Regarding these cases, the
first patient with a BMI of 37 was converted due to failure
to progress during exposure of the third portion of the
duodenum. The second patient required conversion sec-
ondary to intraoperative bleeding from the portal vein in the
setting of chronic pancreatitis (EBL, 1,300 ml); this patient
subsequently required resectioning of a 2-cm segment of
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Table 1 Patient, operative, and
perioperative characteristics

Characteristic Lap Open P value
Patient (no.) 14 14

Age mean (SD) 69.8 (10.2) 67.4 (11) 0.56
Gender (male, %) 78.6 50 0.12
ASA, TI/1IT (%) 35.7/64.3 50/50 0.45
BMI, median (IQR) 28.5 (4.9) 30.0 (4) 0.39
Operative time (median, min) (IQR) 456 (109.5) 372.5 (117.5) 0.01
Blood loss (median, mL) (IQR) 300 (225) 400 (750) 0.23
Patients transfused (no., %) 4 (28.6%) 5 (35.7%) 0.69
ICU stay (median, days) 0 0.5 0.98
Length of stay (median, days) (IQR) 8 (8.5) 8.5(3) 0.71

Lap laparoscopy

the portal vein with primary reconstruction secondary to the
poor quality of the tissues.

Within the LPD cohort, there was a single mortality that
occurred 44 days postoperatively (grade V Clavien'?) due
to a multisystem organ failure secondary to sepsis (aspira-
tion on POD 5 resulting in bilateral pneumonia). Three
other LPD patients had a major complication (Clavien
grade III or IV, necessitating radiological, endoscopic, or
operative intervention and/or causing organ failure). These
included gastric staple line bleeding necessitating reopera-
tion (performed laparoscopically) on postoperative day 1
(n=1), pulmonary embolus and aspiration pneumonia
requiring reintubation (n=1), and upper gastrointestinal
hemorrhage from marginal ulcer 30 days postoperation
requiring therapeutic gastroscopy (n=1).

Six LPD patients suffered a minor complication (Clavien
grade I or II, not necessitating radiologic, endoscopic, or
operative intervention and not causing organ failure). A
detailed listing of these complications includes infection of
the utility incision (n=2), delayed gastric emptying pro-
longing hospital stay (n=2), delayed gastric emptying and
portal vein thrombosis (r=1), and wound infection and
prolonged ileus necessitating TPN and antibiotics for

Table 2 Final histological diagnoses

Diagnosis Lap (N=14) Open (N=14)
Pancreatic adenocarcinoma 8 8
Cholangiocarcinoma 2 2
Duodenal adenocarcinoma 1 0
Duodenal GIST 1 1
Duodenal adenoma 0 2
IPMN 1 1?
Chronic pancreatitis 1 0

GIST gastrointestinal stromal tumor, /PMN intraductal papillary
mucinous neoplasms, Lap laparoscopy

#IPMN with carcinoma in situ
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1 week (n=1). Finally, a pancreatic leak occurred in five
LPD patients (36%). All leaks were grade A (ISGPF)'"* and
were adequately controlled by the intraoperatively placed
drains. These leaks were diagnosed by checking a drain
amylase on the third postoperative day regardless of
effluent character or volume. All of these leaks had been
sealed and the drains removed within 5 weeks of the
operative date.

Of the 12 LPD patients with malignancy, an adjuvant
treatment was indicated in nine of the cases based upon
histological diagnosis and stage. Five of the nine (55.5%)
patients commenced adjuvant treatment with a mean time
from surgery to onset of chemotherapy of 60 days (range,
41-80). The reasons for not commencing adjuvant chemo-
therapy included surgical mortality (n=1), poor postopera-
tive functional status (n=1), patient refusal (n=1), and loss
to follow-up (n=1). At median follow-up of 9.5 months
(range, 4-21 months), only one patient has had a
recurrence.

In Table 5, the operative details and outcomes between
the first and last seven LPD cases are compared to ascertain
evidence of a learning curve. Using the Mann—Whitney U
and chi-square analyses, trends of reduced operative time,
blood loss, and shorter hospitalization were observed, but
these differences did not reach statistical significance. No
significant differences in complication rates or pancreatic
fistula rates were noted.

Discussion

Given the potential of a reduced morbidity, we embarked
on implementing LPD at a high-volume pancreatic surgery
center. Our approach was cautious due to concerns that
patient safety and operative outcomes could be compro-
mised during the early experience. We aimed to meet the
standards as published by Winter et al. who reported overall
perioperative mortality and morbidity rates of 2% and 38%,
respectively (1% and 45% in the last decade) including a
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Table 3 Oncological data
Oncological Parameter

Lap, N=12 Open, N=12 P value

Tumor size (mean, cm)
Stage (AJCC sixth)*
cIs®
T2NOMO
T3NOMO
T3NIMO
T4NOMO
T4NIMO
Resection margin
Lap laparoscopy RO

? Pancreatic and periampullary R1/R2

cancers
N ) o Lymph node harvest (mean, 1)
Carcinoma in situ

2.2(SD, 1.1) 3.6 (SD, 1.1) 0.02
0.88

—_ = W = O
—_— O NN = =

12 (100%) 11 (91.7%) 0.31
0 1 (8.3%)
18.5 (SD, 6.2) 19.1 (SD, 8.3) 0.85

reoperative rate of 3% and a median length of stay of
9 days (8 days in the last decade) in a series of 1,175 OPD
performed for pancreatic cancer.'®

Our results from a small series of patients did not quite
meet this exceptional standard; however, our single mor-
tality unrelated to surgical technique, a single reoperation,
and the morbidity rate and median length of stay do
compare favorably. This data suggests that a laparoscopic
pancreaticoduodenectomy can be implemented in a high-
volume pancreatic surgery center without subjecting
patients to an unacceptably higher risk of complications
early in the surgeon’s experience. Our intraoperative and
immediate oncological parameters such as blood loss,
resection margin, and lymph node harvest are comparable
to this and other large open series.'*'> Thus, our results
further suggest that LPD can be implemented without
compromising oncologic principles of the procedure. We
conclude that the learning curve of a surgeon embarking on

Table 4 Conversions, morbidity, and mortality

the performance of LPD impacts the duration of the
procedure, but does not negatively impact complication
rates, margin status, lymph node harvest, blood loss, need
for transfusion, or need for intensive care. Furthermore, the
early operative experience does not necessarily equate with
a high conversion rate as we were able to perform an LPD
in 12 out of 14 patients successfully (86%).

Since Gagner’s first report of LPD in 1994,"'° there have
only been three series of patients undergoing LPD reported
(Table 6).>~* It is unclear from these prior manuscripts how
these centers embarked upon the performance of LPD,
whether cases performed during their initial experience were
excluded, or whether a disproportionate number of compli-
cations occurred early in their experience. Our data compares
favorably with most of the outcomes reported in these prior
studies, particularly with regard to immediate oncological
surrogate markers, morbidity, and length of stay. Our overall
pancreatic fistula rate (36%) is higher than that reported by

Complication Open, N (%) Lap, N (%) Comment on laparoscopic patients
Conversion 2 (14%) Portal vein bleed=1; failure to progress=1
Mortality 0 1 (7%) Aspiration pneumonia
Reoperation 1 (7%) 1 (7%) Gastric staple line bleed
Pancreatic fistula® 6 (42.8%) 5 (36%) 4 Leaks occurred in soft glands, <3 mm ducts
Grade A 5 5
Grade B/C 1 0
Clavien® I/II 5 (35.7%) 6 (42%) Delyed gastric emptying=3; wound infection=3
Clavien® III/IV 1 (7.1%) 3 (20%) Gastric staple bleed=1; PE=1, GJ ulcer bleed=1

All P values are not significant
Lap laparoscopy, PE pulmonary embolus, GJ gastrojejunostomy

? International Srudy Group for Pancreatic Fistula criteria

b Complications not requiring radiologic, endoscopic, or operative intervention and not causing organ failure

¢ Complications requiring radiologic, endoscopic, or operative intervention and not causing organ failure
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Table 5 Comparison between

early and late laparoscopic Parameter Cases 1-7 Cases 8-14 P value
patients

Conversions (no.) 2 0

Mortality (no.) 0 1
 Complications not requiring ra- Pancreatic fistula (no.) 2 3
Fhologlc,‘endoscop 1¢, or op erative Clavien I-II complications (no.)* 3 3
intervention and not causing organ . L b
failure Clavien III-IV complications (no.) 2 1
® Complications requiring radio- Operative time (median, min) 474 445 0.14
logic, endoscopic, or operative Estimated blood loss (median, mL) 325 250 0.43
intervention and/or causing organ Length of stay (median, days) 9 7 0.22

failure

others, but may represent differences in diagnosis criteria and
patient selection bias that resulted in a high percentage of the
patients in our series having normal, soft pancreata. Four of
our five LPD leaks occurred in soft glands with small caliber
ducts. None of these leaks was associated with a clinical
event, nor did the pancreatic leak rate appear to be influenced
by a learning curve.

One impetus for LPD is the hope it will result in a
reduced postoperative morbidity, and thus the successful
institution of adjuvant therapy will be an important
endpoint to determine its superiority to OPD. The admin-
istration of chemotherapy has proven beneficial in pancre-
atic cancer patients,’’ '’ but its delivery is limited to
approximately 40—-60% of surgical patients due to postop-
erative complications, prolonged convalescence, patterns of
referral, and the location/nature of the treatment facility.”"-*'
In this series, 55% of patients received adjuvant chemo-
therapy, and the average time to its institution was 60 days.
A larger series and longer follow-up will be necessary to
determine any benefit of LPD with respect to the successful
initiation of adjuvant treatment, reduction in complication
rates, or improvement in quality of life.

The impact of LPD on health care delivery costs is an
important unanswered issue, but we did not perform a cost
analysis on this early experience for a number of reasons.
First, we observed a decrease in operative times with
increasing experience, had not reached a nadir, and this is a

major component of cost. Furthermore, this variable is
dependent upon the individual surgeon, and the conclusions
from a single surgeon’s experience may not prove to be
applicable to a population of surgeons. Finally, the length
of stay for this cohort was artificially prolonged to ensure
safe hospital discharge early in our experience. Future study
in this regard is clearly warranted.

The philosophy regarding patient selection and the
performance of LPD for malignancy early in a surgeons
experience is not straightforward. The potential for a
compromised dissection must be weighed against the ease of
reconstruction. Thus, ampullary pathology leading to dilation
of both the biliary and pancreatic ducts and pancreatic fibrosis
without compromise of retroperitoneal or vascular margins
may represent the ideal situation for initial attempts at LPD.
Our RO resection rate of 100% supports the use of our
previously published preoperative predictive model of nega-
tive margin resection that employs findings of CT and EUS
imaging.'® Obese patients and patients with chronic calcific
pancreatitis pose additional technical challenges that may be
best avoided early in a surgeon’s experience.

Finally, these results may not be generalized, and
questions remain regarding what training and experience
is best to prepare a surgeon to safely perform LPD. We
anticipate that a number of experienced pancreatic surgeons
will embark upon LPD in the near future. We found that the
dissections and reconstructions on cadavers to be very

Table 6 Total laparoscopic pan-

creaticoduodenectomy series Parameter Dulucq® Palavinelu® Kendrick Current
Year 2006 2009 2010 2010
Patient (no.) 13 75 65 14
Conversion (%) NA 0 4.6 14
Mortality (no.) 1 1 1 1
Operative time (median, min) 295 357 368 456
Estimated blood loss (median, mL) 89 74 240 300
RO resection (%) 100 97 89 100
Lymph node harvest (median, no.) 18 14 15 18.5

# Operative time, blood loss, Pancreatic fistula (%) 8 7 18 36

lymph node harvest, and length of Length of stay (median, days) 16 8 7 8

stay were reported as mean
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helpful. The subsequent performance of our initial LPD
with the intent of laparoscopic resection and open recon-
struction helped us gain efficiency and confidence in the
setting of intended conversion to an open procedure. In our
opinion, familiarity with the anatomy, and technical
assessment of the adequacy of the anastamoses were more
important than minimally invasive surgical skill.

Conclusion

In summary, we have presented an early experience in
performing total laparoscopic pancreaticoduodenectomy.
Our results suggest safety and feasibility in the implemen-
tation of this procedure when performed at a high-volume
tertiary care center by a surgical team experienced in open
pancreatic and minimally invasive surgery. Early postoper-
ative outcomes and oncologic surrogate results will not be
compromised if appropriate surgical expertise is coupled to
careful patient selection.
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