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Abstract

Background Major vascular resection when necessary for margin control during pancreaticoduodenectomy is relatively univer-
sal with perioperative and oncological outcomes that are similar to those of patients undergoing a PD without venous
involvement. The present study compares total laparoscopic pancreaticoduodenectomy (TLPD) versus open
pancreaticoduodenectomy (OPD) with major vascular resection.

Methods We reviewed data for all patients undergoing TLPD or OPD with vascular resection at Mayo Clinic Rochester, between
the dates of July 2007 and July 2013.

Results A total of 31 patients undergoing TLPD and 58 patients undergoing OPD with major vascular resection were identified.
Mean operative blood loss was significantly less in the laparoscopic (842 cc) compared to the open group (1,452 cc) (p<0.001),
as was median hospital stay, 6 (4-118) versus 9 (6-73)days, respectively (p=0.006). There was no significant difference in the
total number of complications (lap 35 %, open 48 %) (p=0.24) or severe complications (>I1I) (lap 6.4 %, open 3.4 %) (p=0.51) in
the two groups. In-hospital mortality or 30-day mortality was not statistically different between the laparoscopic and open groups,
3.2 and 3.4 %, respectively (p=0.96). Patency of the reconstructed vessels on postoperative imaging was not significantly
different between the TLPD (93 %) and OPD groups (91 %) (p=0.76). In patients with a diagnosis of adenocarcinoma, there was
no significant difference in overall survival between the two groups (p=0.22).

Conclusion The present study clearly demonstrates that not only is TLPD with major vascular resection feasible and safe but that
it can achieve results that are similar in morbidity and mortality as well as oncologic outcome compared to patients undergoing
OPD with major vascular resection.

Keywords Laparoscopic - Whipple - Venous - CT Computed tomography
Pancreaticoduodenectomy - Minimally invasive SD Standard deviation
PV Portal vein
SMV  Superior mesenteric vein
Abbreviations
TLPD Total laparoscopic pancreaticoduodenectomy
OPD  Open pancreaticoduodenectomy
PD Pancreaticoduodenectomy Introduction
CI Confidence interval
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demonstrated the feasibility and safety of the procedure with
several potential advantages over open
pancreaticoduodenectomy (OPD) suggested including lower
blood loss and shorter length of hospital stay.* While there is
no question that initial experience with TLPD involved highly
selected cases, advances in operative technique and technolo-
gy have allowed surgeons to push the envelope of the com-
plexity of resection techniques that can be undertaken
laparoscopically.

With more effective systemic chemotherapeutic options,
patients who are potential candidates for pancreatectomy in
combination with vascular resection are being seen with in-
creasing frequency, requiring more complex resections for
margin control. Major vascular resection with OPD has been
shown in retrospective series to have perioperative and onco-
logical outcomes that are similar to those of patients undergo-
ing a pancreaticoduodenectomy (PD) without venous
involvement.'®"® As such, pancreaticoduodenectomy (PD)
with concomitant venous resection has become commonplace
at many centers. We have previously shown in a small case
series that major vascular resection with TLPD is feasible and
can be performed safely.'* The present study was designed to
compare TLPD and OPD with major vascular resection.

Materials and Methods

This study was performed with approval of the Mayo Clinic
Rochester Institutional Review Board. Data was acquired
from patient medical records, from outside medical records,
and from a database maintained on all patients undergoing
PD.

We reviewed data for all patients undergoing PD with
vascular resection between the dates of July 2007 and July
2013. Clinical, operative, and pathologic information was
reviewed on all patients. Patients were divided into those
undergoing TLPD with major vascular resection and those
undergoing OPD with major vascular resection. Patients were
analyzed in an intention-to-treat fashion with patients who
underwent conversion from a laparoscopic to open resection,
being analyzed in the laparoscopic group. Complications were
recorded using the Clavien-Dindo classification system.'>'®

Borderline resectability was defined based on the National
Comprehensive Cancer Network guidelines of abutment of
the superior mesenteric artery, abutment with impingement of
the superior mesenteric vein-portal vein, abutment or short
encasement of the common hepatic artery, and no abutment of
the celiac trunk.'” Locally advanced tumors were defined as
those with more vascular involvement than the borderline
group. Patients with known borderline or locally advanced
disease on preoperative imaging underwent neoadjuvant ther-
apy, followed by restaging and operative resection.
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The technique of TLPD has been described previously.*'*

Briefly, the plane posterior to the pancreatic neck is developed
early in the procedure to determine the extent of malignant
mesoportal venous involvement demonstrated on preopera-
tive imaging or to identify unsuspected involvement. Expo-
sure of the PV, SMV, and distal splenic vein is accomplished
for complete major venous control in anticipation of venous
resection. To minimize mesoportal clamp time, the remainder
of the pancreaticoduodenectomy dissection is completed re-
serving the venous transection as the final step in the resection.

In all patients undergoing TLPD with vascular resection,
systemic intravenous unfractionated heparin (3,000 to
5,000 units) was given before clamping. Vascular clamping
was performed with atraumatic endo vessel clamps (Aesculap
Inc., Center Valley, PA, USA) using a dedicated applier that
facilitates control and precise placement. Postoperatively,
low-dose (81 mg) aspirin is prescribed and is continued for
3 months. In patients with malignancy and a history of throm-
bosis, full anticoagulation with warfarin is generally
instituted.

In patients undergoing OPD with vascular resection, sys-
temic anticoagulation was used at the discretion of the attend-
ing surgeon; however, a significant proportion of patients
received the same regime of unfractionated heparin (3,000 to
5,000 units) before clamping. Postoperatively, low-dose
(81 mg) aspirin was frequently used; however, this was again
surgeon dependent. Postoperative imaging was obtained to
assess patency of venous reconstruction and to rule out
thrombosis.

All statistical analyses were performed using Stata 12
(Stata Corp., College Station, TX). Differences between
groups were analyzed using the unpaired ¢ test for continuous
variables and by the x? test or continuity correction method
for categorical variables. Wilcoxon rank-sum was used for
variables that did not display a normal distribution. Patient
survival curves were generated using the Kaplan-Meier meth-
od and compared by the log-rank test. All statistical tests were
two sided and differences were considered significant when
p<0.05.

Results

A total of 31 patients undergoing TLPD and 58 patients
undergoing OPD with major vascular resection between the
dates of July 2007 and July 2013 were identified. Patient
demographics for the two groups can be seen in Table 1.
Patients in the TLPD group were slightly older (69.5+
9.0 years) than those in the open group (63.6+11.3 years,
p=0.01). The proportion of male patients was 54.8 % in the
TLPD group and 56.9 % in the OPD group (p=0.85). There
was no significant difference in BMI in the two groups, 26.1+
4.7 and 26.2+4.8, respectively (p=0.90).
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Table 1 Patient demographics and tumor characteristics

Laparoscopic Open
(N=31) (N=58) p value
Age (years) 69.5+£9.0 63.6+11.3 0.01
Sex (male) 17 (54.8 %) 33 (56.9 %) 0.85
BMI (kg/m?) 26.1+4.7 26.2+4.8 0.9
Diagnosis (%)
Adenocarcinoma 25 (80.6 %) 51 (87.9) 0.35
IPMN 2 (6.5 %) 3(52 %) 0.8
Other 4 (12.9 %) 4(6.9 %) 0.35

BMI body mass index, IPMN intraductal papillary mucinous neoplasm

Adenocarcinoma was present in 80.6 % of patients in the
TLPD group compared to 87.9 % in the OPD group (p=0.35).
IPMN was present in 6.5 % of patients in the laparoscopic
group and 5.2 % in the open group (p=0.8). Other diagnoses
in the TLPD group included autoimmune pancreatitis, chronic
pancreatitis with mass, neuroendocrine tumor, and metastatic
acinar cell carcinoma. Other diagnoses in the OPD group
included neuroendocrine tumor (n=2), large serous
cystadenoma, and ampullary adenocarcinoma. Tumor size
was not significantly different between the TLPD and OPD
groups, 3.6+1.1 and 3.8+1.4 cm, respectively (p=0.59).

In two patients, robotic assistance was used for
pancreaticobiliary reconstruction after pure laparoscopic re-
section and venous reconstruction. Four patients in the TLPD
group underwent conversion to an open procedure for antic-
ipated complex venous or pancreatic reconstruction.

Mean operative time for patients undergoing TLPD (465=+
86 min) was not significantly different from patients in the
OPD group (465+98, p>0.99). Mean operative blood loss
was significantly less in the TLPD (841.8+£994.8 ml) com-
pared to OPD group (1,452.1+£1,966.7 ml, p<0.001). A lon-
ger vascular clamp time was seen in patients undergoing
TLPD, 46.8+30.8 and 25.1+16.2 min, respectively
(»<0.001). Pylorus-preserving pancreaticoduodenectomy
was performed in 90.3 % of patients in the TLPD group and
77.6 % of patients in the OPD group (p=0.14). Tangential

resection was used more commonly in the TLPD group com-
pared to the OPD group (p<0.001). One patient in the TLPD
group had a tumor that involved a replaced right hepatic
artery. The proximal right hepatic artery was ligated and a
segmental resection performed; primary reconstruction of the
distal right hepatic artery to the proximal gastroduodenal
artery was performed laparoscopically. Operative variables
can be seen in Table 2. The distribution of specific vessels
involved by tumor was similar between groups. Vascular
resection and reconstruction methods varied between groups
based on surgeon preference of technique. Tangential resec-
tions with lateral venorrhaphy or patch reconstruction were
more common in the TLPD group (Table 3).

A significantly higher rate of complete macroscopic and
microscopic margin-negative (R0) resection was obtained in
the TLPD (93.5 %) compared to the OPD group (75.9 %, p=
0.038). The median number of lymph nodes harvested was
higher in the TLPD group (20.0+8.6) compared to the OPD
group (15.9+£6.6. p=0.01).

There was no significant difference in the total rate of
complications (lap 35 %, open 48 %) (p=0.24) or severe
complications (>III) (lap 6.4 %, open 3.4 %, p=0.51) in the
two groups. In-hospital mortality or 30-day mortality was not
statistically different between the TLPD and OPD groups, 3.2
and 3.4 %, respectively (p=0.96) (Table 4).

Postoperative imaging was available for 28/31 patients in
the TLPD group and 55/58 patients in the OPD group. Paten-
cy of the reconstructed vessels on postoperative imaging was
not significantly different between the TLPD (93 %) and OPD
groups (91 %) (p=0.76). In the TLPD group, a non-occlusive
thrombus was seen in one patient that was clinically asymp-
tomatic and a complete SMV thrombosis was seen in one
patient who had developed a pancreatic leak. The patients
with no imaging at follow-up were alive and well 6 months
postoperatively.

Median follow-up was 15.2 months in the TLPD group and
14.8 months in the OPD group. When an intention-to-treat
analysis was performed in patients with a diagnosis of adeno-
carcinoma, there was no significant difference in overall sur-
vival between the two groups (p=0.14; Fig. 1).

Table 2 Operative and patho-
logic characteristics

Laparoscopic Open

(N=31) (N=58) p value
Estimated blood loss (ml) 841.8+£994.8 1452.1+1966.7 <0.001
Operative time (min) 465+86 465498 >0.99
Packed RBC during hospitalization (U) 14£2.2 1.9+£2.9 0.14
Clamp time (min) 46.8+30.8 25.1+€16.2 <0.001
Pylorus preserving 28 (90.3 %) 45 (77.6 %) 0.14
Tumor size (cm) 3.6+1.1 38+14 0.59
RO resection 29 (93.5 %) 44 (75.9 %) 0.038
Number of lymph nodes harvested 20.0£8.6 15.9+6.6 0.01
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Table 3 Vascular resections

Laparoscopic Open

(N=31) (N=58) p value
Involved vessels
PV 10 (32 %) 14 (24 %) 0.41
SMV 11 (35 %) 31 (53 %) 0.11
Arterial 13 %) 2 (3 %) 0.96
Multiple 9 (29 %) 11 (19 %) 0.28
Resection/reconstruction
Tangential resection + patch 10 (32 %) 7 (12 %) 0.02
Tangential resection + 12 (39 %) 7 (12 %) 0.003
suture/stapler
Segmental resection primary 7 (23 %) 32 (55 %) 0.003
Segmental resection left 13 %) 6 (10 %) <0.001
renal graft
Segmental resection 13 %) 6 (10 %) <0.001

synthetic graft

PV portal vein, SMV superior mesenteric vein

Discussion

TLPD is a technically challenging procedure because of the
pancreas’s retroperitoneal location, intimate association with
major vasculature, and difficult reconstruction of the biliary
and pancreatic remnants. While initial series demonstrating
the safety of TLPD undoubtedly had case selection bias, as the
collective experience with this technique has evolved, so has
the complexity of cases that can be undertaken
laparoscopically. We had previously published our first 11
patient series demonstrating that the TLPD with major vascu-
lar resection is feasible and can be performed safely.'* Having
established its feasibility and safety, the present study com-
pares patients with concomitant major vascular resection un-
dergoing TLPD with those patients undergoing OPD.

Patient demographics were similar between the two groups
except for patients in the laparoscopic group being slightly
older in age. There was also no significant difference in the

Table 4 Complications

Laparoscopic ~ Open p value
(N=31) (N=58)
Overall length of stay, 6 (4-118) 9(6-73) 0.006

days (median range)

Any complication 11 (35.5 %) 28 (48.3 %) 0.25

Severe complication (>I1I) 2 (6.4 %) 2 (3.4 %) 0.51
Leak (B/C) 5 (16 %) 3(5 %) 0.09
Mortality 90 days 132 %) 2 (3.4 %) 0.96
Patency of the reconstructed 28 (93 %) 55 (91 %) 0.76

vessels”

Postoperative imaging was available for 28/31 patients in the laparo-
scopic group and 55/58 patients in the open group
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Kaplan-Meier survival estimates
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Time Post-surgery (months)
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Open 51 4 28 17 10 8 6
Lap Open

Fig.1 Survival in patients with adenocarcinoma in the laparoscopic and
open groups

number of patients with adenocarcinoma or in tumor size in
the two groups. The distribution of vessels involved was
similar between the two groups. In the TLPD group, a higher
number of tangential resections were performed compared to
the OPD group. This difference reflects surgeon-specific pref-
erence to perform a tangential resection with bovine pericar-
dial patch reconstruction in patients with long-segment vein
involvement and not a difference in the amount of vessel
involved with the tumor.

Clamp time was significantly longer in the TLPD group.
Clamp time for vein reconstruction ranges considerably from 25
to 45 min in the literature for OPD.'®"" Our shorter clamp times
for open procedures likely demonstrate the vast experience of
our surgeons with open vein resection rather than long clamp
times with TLPD. Additionally, tangential patch venorrhaphy
inherently takes longer than an end-to-end anastomosis and was
more commonly employed in the TLPD group. To minimize
clamp time, as much as possible, we always ensure that the
remainder of the PD dissection is completed reserving the
venous transection as the final step in the resection.

As experience with TLPD grows, authors have proposed
that the ultimate goal should be to actually perform a better
operation than using an open technique.’ Previous studies
looking at open PD have postulated RO margin status and
increased lymph node retrieval/decreased lymph node ratio as
markers of improved cancer outcomes.'®!'" A significantly
higher rate of complete macroscopic and microscopic
margin-negative (RO) resection was obtained in the laparo-
scopic group (93.5 %) compared to the open group (75.9 %)
as well as a higher mean number of lymph nodes in the
specimen. We postulate that the superior views and magnifi-
cation afforded by laparoscopy allow for a more detailed and
precise lymphadenectomy and pancreatic resection.

To the best of our knowledge, four previous studies have
compared laparoscopic (including robotic-assisted) PD to
OPD and all have suggested equivalent or favorable outcomes
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for selected patients undergoing minimally invasive
approaches.”’*?! In the present study, we report a 30-day
mortality that was not different between the laparoscopic and
open groups, 3.2 and 3.4 %, respectively. This mortality rate is
also comparable to that reported in the four comparative
studies of lap/robotic PD without major vascular resection.
Previous comparative studies of OPD have reported perioper-
ative and oncologic outcomes that are similar between patients
undergoing pancreaticoduodenectomy with and without ma-
jor venous resection.'®!* The present study demonstrates that
the same holds true for patients undergoing TLPD with ve-
nous involvement. With the current level of experience there
are no exclusion criteria for TLPD; all patients undergo
attempted laparoscopic approach with only a minority requir-
ing conversion. The most challenging patients continue to be
those with chronic pancreatitis as the primary indication or
those who have undergone neoadjuvant chemoradiation with
a long time interval between treatment and surgery. There has
not been any specific scenario that has resulted in a higher
conversion rate. Any decision to convert to an open procedure
is made on a case by case basis. We would like to stress that
conversions should not be viewed as failures particularly as
surgeons progress through their learning curve.

When evaluating only those patients with adenocarcinoma,
no significant difference was seen in overall survival between
patients undergoing TLPD and OPD with major vascular
resection. This clearly demonstrates that an excellent onco-
logic result can be achieved using TLPD, even in the setting of
vascular involvement.

A caution must be stated that our center had considerable
experience with TLPD before attempting major vascular re-
sections laparoscopically. The acquisition of considerable ex-
perience in both OPD with and without vascular resection and
TLPD without vascular resection before attempting laparo-
scopic major venous resection and reconstruction is strongly
recommended.

The present study suggests that not only is TLPD with major
vascular resection feasible and safe but that it can achieve results
that are similar in morbidity and mortality as well as oncologic
outcome compared to patients undergoing OPD with major
vascular resection. Vascular involvement does not represent an
absolute contraindication to TLPD in experienced centers.

Conflict of Interest None of the authors have any conflict of interest to
disclose. The manuscript did not receive any funding.
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Discussant

Dr. R Matthew Walsh (Cleveland Heights, OH):

This study represents a great achievement in laparoscopic vein resec-
tion with laparoscopic Whipple procedure. It compares the results of one
outstanding laparoscopic surgeon with his colleagues of equally outstand-
ing success with open resections.

I have a few questions:

1. Can you readily tell that a vein resection needs to be done during
laparoscopic dissection since imaging may be unreliable and some pa-
tients had neoadjuvant treatments? Did you compare pathologic vein
involvement to be sure it is not over utilized?

2. Given the results of the NSQIP HPB demonstration project show
nationally poor outcomes in adopting lap Whipple procedures, when in
the learning curve should this be considered and what did you learn from
the four patients you could not reconstruct as your own patient selection
criteria?

3. The time to reconstruct in your expert hands was twice that of open.
That did not change the outcomes here, but is that an important outcome
measure for those embarking on this procedure?
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Closing Discussant

Dr. Croome

Thank you Dr. Walsh for your comments and insightful questions.

It is our opinion that the magnification and fine dissection afforded by
laparoscopic approaches enhances the intraoperative assessment of vas-
cular involvement. Our pathologists do not consistently report confirma-
tion of vascular invasion. Based on preoperative imaging and intraoper-
ative assessment, we recommend vein resection for all patients with
tumor adherence to avoid dissemination of tumor.

The learning curve for minimally invasive pancreaticoduodenectomy
is quite long secondary to the advanced skills of resection and reconstruc-
tion required. The addition of a complex vascular resection and recon-
struction certainly increases the difficulty. We recommend that laparo-
scopic major vascular resection be attempted only after considerable
experience in open and laparoscopic pancreaticoduodenectomy as well
as open major vascular resection and reconstruction. Conversion to an
open approach should not be considered a complication, but rather sound
clinical judgment to assure the best possible outcome for any given
patient. In this study, the four patients were converted to open for either
expected difficult reconstruction of the pancreatic anastomosis or vascular
reconstruction and occurred at various stages of our learning curve.

The duration of reconstruction, and therefore clamp time, was longer
for the laparoscopic group. This not only may be due to the learning curve
of a new approach but also may be attributed to the greater time required
to reconstruct using a long bovine pericardial patch venorrhaphy. We
identified no complications that could be attributed to a longer clamp
time.
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