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Abstract

Background The robotic platform in pancreatic disease has gained popularity in the hepatobiliary community due to sig-
nificant advantages it technically offers over conventional open and laparoscopic techniques. Despite promising initial
studies, there remains scant literature on operative and oncologic outcomes of robotic pancreaticoduodenectomy (RPD) for
pancreatic adenocarcinoma.

Methods A retrospective review evaluated all RPD performed for pancreatic adenocarcinoma from 2008 to 2019 in a single
tertiary institution. RPD cases were matched to open cases (OPD) by demographic and oncologic characteristics and out-
comes compared using Mann—Whitney U test, log rank tests, and Kaplan—-Meier methods.

Results Thirty-eight RPD cases were matched to 38 OPD. RPD had significantly higher lymph node (LN) yield (21.5 vs 13.5;
p=0.0036) and no difference in operative time or estimated blood loss (EBL). RPD had significantly lower rate of delayed
gastric emptying (DGE) (3% vs 32%; p=0.0009) but no difference in leaks, infections, hemorrhage, urinary retention ,or
ileus. RPD had significantly shorter length of stay (LOS) (7.5 vs. 9; p=0.0209). There were no differences in 30- or 90-day
readmissions or 90-day mortality. There was an equivalent RO resection rate and LN positivity ratio. There was a trend
towards improved median overall survival in RPD (30.4 vs. 23.0 months; p=0.1105) and longer time to recurrence (402
vs. 284 days; p=0.7471). OPD had two times the local recurrent rate (16% vs. 8%) but no difference in distant recurrence.
Conclusions While the feasibility and safety of RPD has been demonstrated, the impact on oncologic outcomes had yet to be
investigated. We demonstrate that RPD not only offers similar if not superior immediate post-operative benefit by decreas-
ing DGE but more importantly may offer improved oncologic outcomes. The significantly higher LN yield and decreased
inflammatory response demonstrated in robotic surgery may improve overall survival.
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The operative management of oncologic pancreatic dis-
ease represents exciting prospects in modern surgery,
while simultaneously being one of the most frustrating.
The pancreaticoduodenectomy (PD) first garnered atten-
tion in American literature in the mid-1930s as a two-stage
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procedure [1, 2]. It quickly morphed within 5 years to a
single-stage procedure that has remained quite similar to its
modern incarnation [3]. Subsequent alternations or updates
to the original procedure, such as the pylorus-preserving
technique, the dunking anastomosis, and the use of novel
energy devices, seem to represent variations in surgeon pref-
erence rather than real progress [4—7]. And despite these
adaptions, PD remains one of the most complex operations
of the alimentary track with sustained high perioperative
morbidity and mortality [8, 9].

The technical stagnancy of the PD is made more sali-
ent by the progress witnessed in parallel aspects of non-
operative patient care. In recent decades, international
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efforts have led to paradigm and practice- shifting achieve-
ments. Advances in critical care have dramatically low-
ered mortality, improved adjuvant chemotherapy regimens
have increased survival after resection, implementation of
enhanced recovery pathways have reduced length of stay
(LOS) and costs, and employment of interventional radiol-
ogy techniques have simplified management of complica-
tions [3, 10-12].

An avenue for potential operative progress and improve-
ment of outcomes is the use of minimally invasive tech-
niques. The laparoscopic PD approach emerged in 1994 as
a viable option; however, its widespread application has
been significantly limited due to the technical complexity
and skill required [13]. It necessitates, among other proce-
dural barriers, meticulous placement of suture needles into
minute ductal structures followed by intracorporeal knot
tying on delicate and often friable parenchyma. Mastering
these operative steps requires quite advanced laparoscopic
skills and is characterized by a notoriously steep learning
curve [14, 15]. Another minimally invasive platform that is
becoming increasingly popular and altering the concept and
perception of minimally invasive PD is the robotic approach.
Robotic PD (RPD) surgery, by comparison to laparoscopy,
offers optical magnification, 3-D depth perception, aug-
mented instrument articulation, and overall greater preci-
sion with suture targeting, allowing for a shorter learning
curve [16, 17].

Despite RPD coming to the forefront as an attractive and
inclusive opportunity for minimally invasive PD, there is
still debate over its perioperative benefit. Retrospective stud-
ies examining RPD versus open PD (OPD) outcomes have
demonstrated equivalent or slightly improved post-operative
morbidity with comparable or decreased rates of pancreatic
fistula (POPF), decreased delayed gastric emptying (DGE),
and decreased LOS [18-22]. Oncologic outcomes demon-
strate decreased R1 resections with RPD, equivalent lymph
node harvests, and comparable mortality rates [18-20].
Despite these promising initial studies, there is, in reality,
scant literature on whether RPD operative benefits can posi-
tively affect oncologic outcomes. As such, this study seeks
to evaluate the long-term oncologic effects of RPD versus
OPD for pancreatic ductal adenocarcinoma.

Materials and methods

A retrospective review of all patients who underwent RPD
from 2008 to 2019 at a single-center tertiary institution
was identified using a prospectively maintained REDCap
data repository. Inclusion criteria included adult patients
(age > 18 years old) and a pathologic diagnosis of pancreatic
ductal adenocarcinoma. Exclusion criteria were conversion
to an OPD. Appropriate RPD cases were matched to OPD

cases by age, gender, body mass index (BMI), ASA classifi-
cation, T stage, N stage, use of neoadjuvant chemotherapy,
and use of adjuvant chemotherapy. Chart abstraction was
used to record demographics, pre-operative characteristics
such as T stage, N stage, and use of neoadjuvant chemo-
therapy, and intra-operative outcomes including EBL, opera-
tive time, and lymph node (LN) yield. Data were extracted
directly from pathology reports for tumor size, margin
status, and lymph node positivity ratio. Immediate post-
operative complications were recorded including abscess,
ileus, anastomotic leak, hemorrhage, DGE, POPF, urinary
retention, and wound infection. Long term outcomes were
documented including 30- and 90-day readmission, and
adjuvant chemotherapy use. Evidence of recurrence, recur-
rence pattern, mortality, and last follow-up were recorded up
until September 2019.

Outcomes defined as continuous variables were reported
as median (range) within groups and student ¢ tests and
Mann—Whitney U tests of comparison were used to compare
normally distributed variables between groups. Outcomes
defined as categorical variables were reported as number (%)
within groups. A chi-squared tests were employed to com-
pare distribution between groups. Survival and recurrence
were compared between RPD and OPD using log rank tests
and Kaplan—Meier methods. A p value of <0.05 was con-
sidered statistically significant. This project was approved
by the institutional review board and written consent was
not required.

Patient selection

Carolinas Medical Center (CMC) is a 1000-bed tertiary
referral center with four fellowship trained hepatobiliary
surgeons who perform over 120 PD cases per year. There
is a random referral process through gastroenterology and
oncology with cases evenly referred of which only two of
the four surgeons offer RPD. Unlike other high-volume cent-
ers where all cases may be reviewed for an RPD approach,
the internal dynamics of CMC'’s referral process and indi-
vidual RVU productivity model prevent a similar systematic
process. Therefore, regardless of complexity or perceived
case difficulty, there is no methodical or concerted effort,
implicit or otherwise, to streamline easier cases into the RPD
pathway.

Results
Demographic and pre-operative characteristics
Ninety-four RPD cases were identified from a prospectively

maintained data repository. Sixteen cases were converted to
open and excluded; of these, nine cases were for pancreatic
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adenocarcinoma. Of the remaining RPD cases, only 38 cases
were operated on for pancreatic adenocarcinoma and, thus,
included in the analysis. These 38 RPD cases were matched
to 38 OPD cases by age, gender, body mass index (BMI),
ASA classification, pathologic T stage, pathologic N stage,
use of neoadjuvant chemotherapy, and use of adjuvant chem-
otherapy (Table 1). The majority of patients were female
(58%) and the median age was between 66 and 68 years old
(range 38-84 years old). Most patients were ASA classifica-
tion IIT and had a BMI in the mid-20 s. Less than a quarter
of each cohort had neoadjuvant chemotherapy (18% OPD;
16% RPD) and 68% of both cohorts underwent adjuvant
chemotherapy.

Perioperative outcomes

There was no significant difference in operative time
between OPD and RPD (RPD: 392 min vs. OPD: 350;
p=0.1077) (Table 1). There was no significant difference
in EBL between cohorts (RPD: 300 mL vs. OPD: 550;

Table 1 Patient demographics and operative outcomes from open and
robotic pancreaticoduodenectomy cases for pancreatic adenocarci-
noma

Characteristic Open Robotic p value
N 38 38 -
Female 22 (57.9) 22 (57.9) -
Age in years 68 (42-81) 66 (38-84) -
ASA classification 3(14) 3(14) 0.6109
BMI 25.7 (15.8-44.8) 24.7 (19.6-39.1) —
Neoadjuvant Chemo- 7(18.4) 6 (15.8) 0.7607
therapy
Adjuvant chemo- 26 (68.4) 26 (68.4) -

therapy
Operative variables
350 (231-561)

Operative time (min) 391.5 (206-518) 0.1077

EBL (mL) 550 (50-1800) 300 (50-3000)  0.0693
Lymph node yield 13.5 (6-47) 21.5 (5-39) 0.0036
LOS (days) 9 (5-31) 7.5 (5-40) 0.0209
30-day readmission 6 (15.8) 6 (15.8) -
90-day readmission 12 (31.6) 11 (28.9) 0.6837
90-day mortality 2(5.3) 1(2.6) 0.5558
Clavien-Dindo 30-day complications
Bleed 3(10.7) 3(10.7) -
Delayed gastric 12 (31.6) 1(2.6) 0.0009
emptying

Ileus 2(5.3) 1(2.6) 0.5558
Urinary retention 1(2.6) 0(0.0) 0.3203
Anastomotic leak 1(2.6) 0(0.0) 0.3203
Pancreatic fistula 5(13.2) 4 (10.5) 0.727
Wound infection 4(10.5) 2(5.3) 0.4039

p=0.0693). The LN yield was significantly higher in RPD
cases, yielding a median of 21.5 nodes versus 13.5 nodes
in OPD (p=0.0036). There were equivalent rates of post-
operative bleed requiring transfusion in both cohorts (11%).
There were additionally comparable rates of ileus, urinary
retention, anastomotic leak, POPF, and wound infection.
There was a significantly higher incidence of DGE in the
OPD of nearly 30% (RPD: 3% vs. OPD: 32%; p=0.0009)
and a significantly shorter LOS in the RPD cohort by about
1.5 days (RPD: 7.5 days vs. OPD: 9 days; p =0.0209). Thirty
and 60-day readmission rates were not significantly differ-
ent with both cohorts having a 6% 30-day readmission rate
and a 11-12% 90-day readmission rate. Ninety-day mortality
was comparable with only two patients from the OPD hav-
ing a 90-day mortality and only one from the RPD cohort
(p=0.5558).

Oncologic outcomes

As cohorts were matched by T stage, the pathologic tumor
size was ultimately similar between cohorts (RPD: 30 mm
vs. OPD: 29 mm; p=0.8233) (Table 2). The grade of dif-
ferentiation varied slightly between cohorts; there were
significantly more moderately differentiated tumors in the
RPD cohort (RPD: 66% vs. OPD: 39%; p=0.0205) and
significantly more poorly differentiated tumors in the OPD

Table2 Short and long-term oncologic outcomes from open and
robotic pancreaticoduodenectomy cases for pancreatic adenocarci-
noma

Oncologic outcomes Open Robotic p value
Tumor size (mm) 29 (9-70) 30 (4.8-60) 0.8233
Pathologic T stage 3(14) 3(14) -
R1 resection 17 (44.7) 16 (42.1) 0.8170
Differentiation
Grade 1 5(14) 4(11) 0.6582
Grade 2 14 (39) 25 (66) 0.0205
Grade 3 17 (47) 9(24) 0.0340
Lymphovascular inva- 18 (47) 27 (71) 0.0477
sion
Perineural invasion 19 (51) 34 (89) 0.0003
Lymph node positivity 0.125 (0-0.74) 0.102 (0-0.625) 0.1875
ratio
Median overall survival — 23.0 30.4 0.1105
(mos)
Recurrence pattern
N 20 (53) 15 (39) 0.1706
Time to recurrence 284 (70-1182) 402 (33-1049) 0.7471
(days)
Local recurrence 6 (16) 3(8) 0.2870
Distant recurrence 14 (37) 12 (32) 0.6287

Values reported as No. (%) or median (range)
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cohort (RPD: 24% vs. OPD: 47%; p=0.0340). There was
no difference in the amount of well differentiated tumors.
The RPD cohort additionally had significantly more tumors
with lymphovascular invasion (RPD: 71% vs. OPD: 47%;
p=0.0477) and perineural invasion (RPD: 89% vs. OPD:
51%; p=0.0003). There was an equivalent R1 resection
rate of mid 40% in both cohorts (p =0.8170). There were
no differences in LN positivity ration between cohorts. The
RPD cohort had a longer median overall survival although
this was not statistically significant (RPD: 30.4 vs. OPD:
23.0 months; p=0.1105). There was also no statistical dif-
ference in time to recurrence (RPD: 402 vs. OPD: 284 days;
p=0.7471); open cases had two times the local recurrence
rate (RPD: 8% vs. OPD: 16%; p=0.2870). There was no
difference in distant recurrence rates (RPD: 32% vs. OPD:
37%; p=0.6287).

Discussion

While the feasibility and safety of RPD has been well dem-
onstrated, the impact on oncologic outcomes has yet to be
thoroughly investigated. This study demonstrates that RPD
offers similar, if not superior, immediate intra-operative
and post-operative benefits but more importantly may offer
improved oncologic outcomes. The significantly higher LN
yield and decreased inflammatory response of robotic sur-
gery may increase time to recurrence and improve overall
survival in pancreatic ductal adenocarcinoma.

Even with the literature showing equivalent if not better
results with minimally invasive PD, it is still far from wide-
spread acceptance. In a recent survey of six international
associations for hepatobiliary surgery, less than one-third
of surgeons said they would attempt minimally invasive PD
and only 10% considered it superior to its open counterpart
[23]. And although data exist that suggest inferiority when
attempted at low-volume institutions; in experienced hands,
minimally invasive PD is prudent and offers comparative
advantages [24]. A large series of laparoscopic PD dem-
onstrated safety and adherence to oncologic principles and
a retrospective meta-analysis of over 700 RPD cases dem-
onstrated perioperative outcomes consistent with historical
open standards [25, 26]. These outcomes have been verified
by other cohort studies demonstrating decreased EBL and
LOS [19, 27, 28].

This retrospective propensity-matched analysis con-
tributes substantially to the current literature by demon-
strating the equivalence to OPD as well as the benefits
of RPD on patient outcomes. Our RPD median operative
time of 392 min was not significantly different from OPD
(Table 1). It remains on the lower end for reported RPD
with most high-volume centers citing times between 444
and 718 min [29]. The longer operative times demonstrated

by other studies may be secondary to the extra setup and
docking required or a lack of experience that may continue
to improve with advances in the learning curve [30]. Our
median EBL for RPD of 300 cc is also well within range
of reported averages and lower than our OPD EBL. This
may be attributed to the amplified view of smaller vessels,
specifically when dissecting out the superior mesenteric
artery and vein from the uncinate process [18, 20, 21]. The
post-operative morbidity of RPD was mostly equivalent
to OPD with comparable rates of ileus, urinary retention,
anastomotic leak, and wound infection. POPF rates were
also similar, irrespective of approach. Further, there were
no differences in readmission rates (30- or 90-day) or in
90-day mortality between cohorts.

There was a significant decrease in DGE in the RPD
cohort of nearly 30% (Table 1). DGE while not life-threat-
ening does have substantial clinical consequences includ-
ing prolonged LOS, higher costs, readmission, overall
discomfort, requirement of feeding tube, and delays in
starting adjuvant therapies [31, 32]. Although there has
been considerable study on primary DGE pathogenesis,
it remains poorly understood. There are negative associa-
tions demonstrated with increased intra-abdominal inflam-
mation while robotic-sutured anastomoses decrease DGE
incidence when compared with open stapled anastomo-
ses [33, 34]. Our results further endorse the theory that
DGE is influenced by intra-abdominal inflammation. As
robotic techniques reduce invasive manipulation includ-
ing skin incision size and tissue handling technique, there
is a decreased subsequent inflammatory stress response
brought about by such surgical trauma [35, 36]. Of note,
as our OPD gastrojejenal anastomoses are done in a
hand-sewn manner, we can extrapolate that perhaps the
decreased disturbance in hemostasis and blunted immune
response resulting in decreased inflammation in RPD cases
is lessening post-operative DGE. Further study is clearly
required as this is a speculative conclusion.

Our analysis demonstrates a trend towards improved
long-term oncologic outcomes with RPD which has yet
to be investigated in the literature. There was a signifi-
cantly higher LN yield in RPD cases of 21.5 nodes vs.
13.5 nodes in OPD (Table 2). LN harvest plays a strong
prognostic role in pancreatic ductal adenocarcinoma with
multiple studies showing that survival is independently
predicted by total LN harvest [37-40]. Similar relation-
ships have also been shown in ampullary adenocarcinoma
[41]. Our study demonstrated a trend towards decreased
recurrence rates in the RPD cohort, with a difference of
nearly 15% (RPD: 53% vs. OPD: 39%). When recurrence
pattern was assessed, the local recurrence rate was twice
as high in OPD cases (OPD: 16% vs. RPD: 8%) which
may be explained by an inferior LN harvest and examina-
tion [42, 43]. Further, the median overall survival for RPD
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cases was over 7 months longer than OPD cases. Although
this was not statistically significant, a type II error may be
present due to the small sample size.

While robotic surgery may offer advantages, a constant
concern across surgical fields is its financial impact and
whether cost may be prohibitive. A study out of Italy dem-
onstrated a significantly increased operative cost for robotic
pancreatectomies when compared to open cases [44]. How-
ever, when total hospital costs, which include LOS and
readmission, are investigated, there is no difference in cost
between robotic and open surgery [18, 45-47]. Of note,
anecdotally there is a tendency for high-volume centers to
routinely begin OPD cases with diagnostic laparoscopy.
Incorporating the cost of even a brief laparoscopic evalua-
tion may presumably further close the intra-operative cost
gap between OPD and RPD. Ultimately, there appears to be
a need for more comparative cost analyses before definitive
conclusions can be extrapolated [48]. Our center is currently
investigating our costs between RPD and OPD and will be
presenting the data shortly.

A key criticism and limitation of this study includes
patient selection bias. The decision to employ a minimally
invasive approach remains highly selective and, even at
high-volume centers, is rarely protocolized. As mentioned,
regardless of difficulty, there is no effort to direct uncom-
plicated cases to the RPD pathway. Referrals are random to
each of the hepatobiliary surgeons with only half perform-
ing RPD. Further, we matched the RPD patients to OPD
counterparts by demographic and oncologic characteristics;
however, this is not infallible or equivalent to a randomized
prospective approach. For instance, we were unable to match
for grade of differentiation. With the OPD cohort having
more patients with grade 3 differentiation, they may in fact
have a population with worse biologic disease. Fortunately,
there are active randomized prospective studies comparing
RPD and OPD forthcoming [49]. Finally, this is a very small
sample size of only 38 patients per group. The risk of a type
IT error is high and thus, trends and non-significant results
demonstrated in this manuscript may in fact be significant
when a larger cohort is compared.

Conclusion

This propensity-matched retrospective cohort trial dem-
onstrates that RPD is a safe and comparable alternative to
OPD. Further, it may offer both post-operative and oncologic
benefit by decreasing rates of DGE and improving LN har-
vest, which may affect recurrence and overall survival rates.
As such, RPD can be an effective addition to the armamen-
tarium of a modern hepatobiliary surgeon.
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