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Abstract: Pancreatic cancer remains a lethal pathologic entity despite advances in operative technique.
The advantages of robotic pancreaticoduodenectomy (RPD) compared to open pancreaticoduodenectomy
(OPD) remains uncertain due to a lack of randomized controlled clinical trials comparing the two. Despite
the long history and the multiple advances in technique and approach in pancreatic surgery, which has led
to decreased morbidity and mortality, open surgery has historically been the gold standard. The aim of this
study was to review the current literature to evaluate the role of RPD alone and compared to conventional
OPD. We searched PUBMED for studies involving greater than 30 patients who underwent RPD between
2016 and 2020 and then categorized the studies into the following categories: single-institution case series,
single-institution vs National Surgical Quality Improvement Program (NSQIP) dataset, single institution
matching RPD with OPD, single institution propensity matched RPD vs OPD, multi-institutional and
studies that used national datasets including National Cancer Database (NCDB) and American College of
Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP). The overall results of RPD
on perioperative and oncologic outcomes are promising. The current evidence suggests that RPD is safe,
efficacious and at least non-inferior to OPD. Multi-institutional randomized controlled trials will ultimately

help to shape the future and reveal the vast potential of robotic technique for the use of pancreatic surgery.

Keywords: Pancreaticoduodenectomy; minimally invasive surgery (MIS); robotic surgery

Received: 15 February 2021; Accepted: 28 April 2021; Published: 30 June 2021.
doi: 10.21037/dmr-21-17
View this article at: http://dx.doi.org/10.21037/dmr-21-17

Introduction restriction of operative field, limitation of movement, lack

of 3-dimensional vision, and lack of precision (1-7). Though

Thanks to the development of new technologies, modern day its availability is still limited mostly due to cost and need for

surgeons are faced with options for operative approach. Such . . . .
surgeon experience, it is slowly gaining popularity as more

options include open surgery and minimally invasive surgery surgeons become proficient in it and more data emerges.

(MIS). There is a vast amount of literature revealing the
safety and many benefits of MIS over open surgery, including
reduced hospital length of stay, reduced postoperative pain,
improved cosmesis due to smaller involvement, decreased
blood loss, lower risk of infection, and overall faster recovery
time leading to increased patient satisfaction (1). Since its
advent, robotic surgery has further revolutionized MIS by
addressing the challenges posed by laparoscopy such as
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Pancreatic surgery in itself represents one of the most
challenging fields in abdominal surgery, epitomized by
the pancreaticoduodenectomy (PD). The first minimally
invasive PD was performed in May 1992 (8); however,
despite the long history and the multiple advances in
technique and approach in pancreatic surgery, which has
led to decreased morbidity and mortality, open surgery has
historically been the gold standard. Though MIS has been
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used for pancreatic surgery, including both laparoscopic and
robotic approaches, and either alone or in combination with
an open approach, there is still no sufficient data to favor
one over the other, though it is without question that MIS
benefits continue to apply to pancreatic surgery. Gumbs
et al. performed a prior review of 285 cases of laparoscopic
pancreatoduodenectomy which revealed similar outcomes
with respect to perioperative morbidity and mortality
compared to open (8). Despite this review, there remains
a lack of data to support MIS over an open approach is
especially true for robotic pancreaticoduodenectomy (RPD),
mainly due to the relative novelty of robotic technology
as well as the need for surgeons proficient and skilled in
both pancreatic and robotic surgery, limiting the procedure
to only a few centers (9-11). Moreover, early research did
not necessarily focus on oncologic outcomes of pancreatic
MIS as much as most recent studies, further decreasing the
current amount of data for overall safety especially in the
setting of malignancy (8).

MIS has demonstrated superiority in many abdominal
surgeries when compared to open surgery, and because
robotic surgery has addressed the disadvantages of
laparoscopy, the application of robotic technology
to pancreatic surgery has shown to be possible while
maintaining the intrinsic benefits of MIS. However, because
of the morbid nature of pancreatic disease and surgery,
other operative factors and perioperative complications are
to be taken into consideration. Amongst the most common
and feared complications of a PD are postoperative
pancreatic fistulas (POPF), delayed gastric emptying, and
hemorrhage. These complications as well as other surgery-
specific parameters such as intraoperative time, hospital
length of stay, number of lymph nodes harvested, oncologic
outcomes, and number of readmissions have been recently
studied in both open pancreatic surgery and MIS pancreatic
surgery.

The aim of this article is to review recent literature
(2016-2020) on RPD with special focus on morbidity
rates and oncologic outcomes when compared to open
pancreaticoduodenectomy (OPD).

We present the following article in accordance with the
narrative review reporting checklist (available at http://
dx.doi.org/10.21037/dmr-21-17).

Methods

Articles were collected from PUBMED since 2016-2020
with the words robotic pancreaticoduodenectomy,
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propensity-matched pancreaticoduodenectomy,
robotic pancreaticoduodenectomy + NSQIP, robotic
pancreaticoduodenectomy + NCDB. Our criteria were
studies with at least 30 patients. We categorized the studies
into single-institution case series (3 articles), single-
institution vs NSQIP dataset (1 article), single institution
matching RPD with OPD (2 articles), single institution
propensity matched RPD vs. OPD (6 articles), multi-
institutional (1 article) and studies that used large national
datasets (8 articles) including NCDB and ACS-NSQIP.

Results
Single institution series

Guerra et al. in a retrospective analysis of a single institution
series, evaluated a consecutive series of totally robotic PD
with respect to surgical and oncologic outcomes (12). Their
study included 59 patients who underwent RPD from
March 2010 to April 2017. 96.1% of the patients received
an RO resection with average lymph node harvest of 26.
Their study involved a surgical team including trainees
versus one surgeon (like Valle e 4l.). They reported a three
year overall survival of 61.9% and an estimated three year
disease free survival of 37.2%. Their clinically relevant
POPF rate was 11.8%, as can be seen in Tuble 1.

Valle et al. conducted a retrospective analysis of 39
patients who underwent RPD for pancreatic ductal and
ampullary adenocarcinomas with a specific focus on long-
term oncologic outcomes (13). Study end-points were
postoperative morbidity and mortality, long-term overall
survival and disease free survival. Thirty nine patients
were included in the study. The 5-year overall survival rate
for ductal and ampullary carcinoma rate was 41% (30%
for adenocarcinoma and 68% for the ampullary group).
Their study’s data compares favorably with most open
Whipple surgeries. Cameron et al. reported a 39% 5-year
overall survival for negative node and RO resection ductal
adenocarcinoma and 48% for ampullary cancers (14).
Forty one percent of their study group underwent adjuvant
treatment. The median time to commencement of any
adjuvant treatment was 49 days, comparing favorably with
other open and laparoscopic series which report 54-55 days.

"Takahashi ez /. published a retrospective review of a
prospectively maintained database of robotic pancreatic
procedures performed by a single surgeon at a single
institution (15). Of the 119 procedures, 65 were RPD. For
RPD, RO resection rates were 98.5% and average number of
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Table 1 Summary of literature on RPD and RPD vs. OPD
Authors Year study ; (r)nF‘(;ctiIir::,’ mizil_a;n, RO hall':/’:st, Conversion m:(;:n, CFl;?tz't:’aI DGE, mhailjcc)):%?/?r/;ll '\ggfjaelly
patients min mL (%) median rate (%) d (%CR) n (%) (% major) n (%)
Takahashi 2018 RS RPD:65 498" 150 98.5 17 4.6 7 2/9 (3.1) NR 7/20 (10.8) 0
etal.
Guerraetal. 2018 PS RPD:59 515 150 961 26 18.6 9 7/10(11.9)  NR  15/22(25.4) 2(3.0)
Rosemurgy 2019 PS RPD:155 418 200 NR NR 17.4 5 2/8 (1.3) NR NR 10 (6.4)
etal.
Valleetal. 2020 RS RPD:39 477* 200 90.0 23 15.2° 10 3/5(7.6) 4(102) 7/15(17.9) 1(2.5)
Zureikat 2016 RS RPD:211 402 200 NR 27.5 4.7 8 29/NR (13.7) NR 50/NR (23.7) 4 (1.9)
etal OPD: 817 300 300 19 8 74/NR (9.1) 195/NR (23.9) 23 (2.8)
Marino 2019 RS RPD: 35 355 235 943 22 8.6 6.5 3/7 (8.6) 1(2.9) NR/11 1(2.9)
etal. OPD:35 262 575 829 152 89  47(11.4) 0 NRI17  1(2.9)
Mejiaetal. 2020 RS RPD:102 353  321* 66.7 24.2* 12.7 7" 4/4(39) 1(09) 6/15(.9  3(2.9)
OPD:54 212 378" 70 23.7* 11.8* 0 1(1.8) 5/2009.3) 2(3.7)
Shyretal. 2020 RS RPD:284 450 130 NR 17 6.6° 20 37/NR(13.0) 10(3.5) 35/137 (12.3) 6(2.1)
OPD: 169 420 400 17 24  19/NR(11.2) 23 (13.6) 14/96 (8.3) 3(1.8)

Statistically significant P values <0.05 are in italic. *, data reported in mean; *\Valle et al.), 7 out of 46 RPD patients had
conversion and excluded from study; °(Shyr et al.), 20 out of 304 RPD patients had conversion and excluded from study.
CR fistulas defined as grades B and C as defined by ISGPF criteria, total fistulas include grades A, B and C. Overall
morbidity grades |-V, major morbidity |lI-V based on Clavien-Dindo Classification. EBL, estimated blood loss; LOS,
length of hospital stay; LN, lymph node; POPF, postoperative pancreatic fistula; CR, clinically relevant; DGE, delayed
gastric emptying; RS, retrospective study; PS, prospective study; RPD, robotic pancreaticoduodenectomy; OPD, open

pancreaticoduodenectomy; NR, not reported.

lymph nodes removed was 17. EBL was 125 mL for all cases.
Incidence of pancreatic leaks were also reported (11.8% grade
A, 3.4% grade B and 1.7% grade C based on the ISGPF).
Mean operative time began to decrease after 10 cases for
RPD, all complication rates decreased steadily after 15 cases.
Rosemurgy et 4l. in a single institution prospective
analysis of 155 patients undergoing RPD compared their
patients’ predicted and actual outcomes with outcomes
from the ACS NSQIP for pancreaticoduodenectomy from
2012 to 2017 (16). The outcomes for patients in the ACS
NSQIP database (where the vast majority were OPD) and
the predicted outcomes of their patients were very similar
with one exception of expected discharge to nursing or
rehabilitation. Actual outcomes showing improvement over
predicted outcomes occurred in frequency of complications
(49% of predicted), serious complications (46% of
predicted), surgical site infections (28% of predicted),
venous thromboembolism (100% less than predicted),
return to operating room (13% of predicted), median
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length of stay (50% less than predicted) and discharge
to rehabilitation or intermediate care facility (81% of
predicted). Their in-hospital mortality rate was higher
than expected (6% actual versus 2% predicted) as well as
incidence of renal failure (5% actual versus 2% predicted).
Deaths were due most often due to MI despite thorough
cardiac clearance. The trend in their data overall showed
the robotic approach yields faster recoveries and hence a
shorter time delay to receive adjuvant therapy.

Single institution OPD vs. RPD

Mejia et al. published a single-center retrospective analysis
focusing on clinical and financial outcomes of RPD wvs.
OPD from 2013-2019 (9). A total of 156 patients were
included, 54 OPD and 102 RPD. Cases were performed
by a single surgeon with assistance from other surgeons or
residents. They found that RPD had shorter LOS, longer
operative times and reduced EBL. They did not find any
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differences between the number of OPD and RPD that
were enrolled in ERAS postoperatively. In respect to
financial outcomes, operating room charges were higher
with RPD than with OPD. They found lower respiratory
therapy charges with RPD, and this finding combined with
shorter LOS suggested that patients may experience better
respiratory dynamics as expected with smaller incisions.
Hospital stay charges (total charges minus OR charges)
were significantly lower for RPD, indicating that RPD
patients utilized significantly less hospital resources while
in-house. Overall total charges were not higher for RPD.
In addition, RPD patients were more likely to go home
than to an extended care facility, which further drives up
the cost of healthcare. They also analyzed the cases that
converted from RPD to OPD and found that they had
higher OR charges but lower LOS as compared to OPD.
A possible explanation for this was that in some cases,
significant robotic dissection had already occurred before
conversion to open. They also compared the total charges
for patients that were readmitted within 90 days and found
no significant differences between the two groups. Their
cost analysis did not include the initial cost of acquisition of
the robotic system or its maintenance.

Shyr et al. recently reported on their perioperative
outcomes in a large group of patients (304 RPD and
172 OPD) (17). While OR times were longer in RPD,
blood loss was much lower in RPD as was delayed gastric
emptying (3.5% vs. 13.6% in OPD) as was wound infection
rates and hospital LOS. No significant differences were
seen in lymph node yield, POPF or other perioperative
outcomes. Survival outcomes at 1, 3 and 5 years were better
in the RPD group. Although limited by its retrospective
nature and lack of propensity score matching, RPD seemed
to show comparable results for survival outcomes in
pancreatic head and ampullary adenocarcinomas.

Marino et al. performed a cased-matched comparison
between two groups of 35 patients with pancreatic
malignant tumors who underwent RPD vs. OPD from
August 2014 to April 2016 (18). While RPD was associated
with longer operative times, EBL and LOS, they did
not find any appreciable difference between POPE, RO
resection and number of harvested lymph nodes. Overall
and disease-free survival at 1 and 3 years were similar.

Single institution propensity matched RPD vs. same or

other institution OPD

Over the past few years, propensity-matched studies

© Digestive Medicine Research. All rights reserved.

Digestive Medicine Research, 2021

have increasingly been published as a way to mitigate the
bias inherent in a field where there are no randomized
controlled trials or level 1 evidence.

The first propensity score-matched study comparing
RPD to OPD was published in 2017 by McMillan and
Zureikat er al. (19), aimed at assessing RPD impact on
POPF as compared to OPD. Propensity score matching
was used to minimize bias from nonrandom treatment
assignment. All OPDs were performed at 16 institutions
from January 2003 to October 2015 by 48 surgeons who
had surpassed the learning curve. All RPDs were performed
at one center by three surgeons who had surpassed their
learning curves. The study concluded that RPD was non-
inferior to OPD in terms of POPE, as can be seen in Tiable 2.

In line with this finding and with a higher powered
study, Cai et a/. published a propensity matched single
institution study looking at the incidence of clinically-
relevant post-operative pancreatic fistula (CR-POPF) in
865 patients, 405 (46.8%) who underwent OPD and 460
(53.2%) who underwent RPD over a 7-year period (20).
After propensity score matching, they analyzed 229 patients
in OPD arm and 414 in RPD arm. Only outcomes of
surgeons beyond their learning curve for both OPD and
RPD were used. POPF were graded based on the ISGS
definition (biochemical leak grade A, CR-POPF grade b
or ¢). First, they calculated a fistula risk score for every
patient based on pancreatic texture, pathology, pancreatic
duct diameter and intraoperative blood loss, criteria set
by Callery et al. for assessing patients’ risk for developing
POPF (also done by McMillan ez 4l.) (19). This divided
their patients into three fistula risk zones: low risk,
moderate risk and high risk. They found that RPD was
associated with overall reductions in CR-POPF across all
fistula risk zones, with statistical significance in those with
moderate risk for leaks. Interestingly, they found that while
both OPD and RPD were associated with a similar overall
POPF rate, RPD was associated with a lower incidence
of CR-POPF. Multivariate analysis demonstrated that
RPD was an independent predictor of lower CR-POPF
(OR 0.278, P<0.001). Their study also showed that RPD
was associated with shorter operative times, less EBL and
lower transfusion rates as well as shorter length of stay.
They conclude that while the robotic approach does not
prevent fistulas, minimizing tissue trauma may serve to
curtail the clinical impact of those fistulas by a decreased
subsequent inflammatory response. While they make a
compelling argument for the benefit of RPD over OPD,
their outcomes are once again of highly trained and
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Table 2 Comparisons of outcomes of propensity score matched patients undergoing robotic vs. open pancreaticoduodenectomy
No. of ORtime, EBL, 0 LN Conversion LOS, POPF, Morbidity, Mortality
Authors  Year Study ; median, median, harvest, median, CR/total DGE  major/overall ~ 90-day,
patients min mL (%) median rate (%) d (% CR) (% major) n (%)
McMillan 2017 RS RPD:152 NR NR NR NR NR 8 10/NR(6.6 NR 35/112(23.00 5(3.3)
etal OPD: 152 85 1INR(11.2) 36/101 (23.7)) 2 (1.3)
Kimetal. 2018 RS RPD: 50 NR 365 NR NR NR NR 3/NR (6.0) NR 8/NR (16.0) NR
OPD: 100 400" 12/NR (12.0) 26/NR (26.0)
Wang 2018 PS RPD:87 420 120 966 14 NR 24  7/NR(8.0) 3(34)  8/38(9.2) 0
etal OPD:87 360 250 943 13 24 11/NR (12.6) 12 (13.8)  5/33 (5.7) 0
Caietal. 2019 RS RPD:460 373 200 NR NR 41 7 31/94 (6.7) NR NR 13 (2.8)
OPD: 405 392 450 10 64/95 (15.8) 28 (6.9)
Baimas 2020 RS RPD: 38 392 300 NR 21.5 NR? 7.5 4(10.5) 1(2.6) NR 1(2.6)
etal OPD:38 350 550 135 9 5(13.2) 12(31.6) 2 (5.3)
Kimetal. 2020 RS RPD:55 415 247 945 149" 0 12 7/NR(12.7) 4(7.3) 13/25(23.6) 0
OPD: 55  245* 321* 964 21.8" 10.9* 1/NR(1.8) 4(7.3) 6/12 (10.9) 0
Shietal. 2020 RS RPD:187 280* 297 94.7 16.6 NR 22.4* 19/28 (10.2) 9 (4.8) NR 4(2.1)
OPD: 187 298*  415* 93.0 158 26.1* 27/29 (14.4) 5(2.7) 7(3.7)

Statistically significant P values <0.05 are in italic. T, accordion severity classification used for morbidity classification, severe complication
defined as grade >3. All others are reported using Clavien-Dindo Classification; *, data reported in mean; “, conversion to open was
exclusion criteria, 16/94 were excluded. RPD, robotic pancreaticoduodenectomy; OPD, open pancreaticoduodenectomy; EBL, estimated
blood loss; LN, lymph node; LOS, length of hospital stay; POPF, postoperative pancreatic fistula; CR, clinically relevant; DGE, delayed

gastric emptying; NR, not reported.

seasoned robotic pancreatic surgeons, making it difficult to
generalize to lower volume centers and surgeons still within
their learning curves.

Kim ez a/. (21) in an article comparing RPD vs. OPD with
propensity score matching found POPF tended to be lower
(6% wvs. 12%, P=0.387) among RPD between a cohort of
50 RPD and 100 OPD propensity matched patients. They
also found that pain scores were similar on PODI and 3 but
significantly lower in the robot group than in the open group
on PODS5 and 7. The number of postoperative analgesic
injections were significantly lower in the RPD than in the
OPD group. Patients in the RPD group started ambulation
earlier and had a reduced postoperative hospital stay.

Oncologic outcomes

Wang et al. published a propensity score matched study
comparing 87 OPD and 87 RPD patients (22). All surgeries
were performed by the same two surgeons with a modified
Blumgart pancreaticojejunostomy. After propensity

© Digestive Medicine Research. All rights reserved.

score matching, significantly longer OR time, less blood
loss, more lymph node harvest and less delayed gastric
emptying were noted by RPD than OPD. No significant
difference was detected in RO resections or postoperative
complications. Their data showed similar disease specific
survival outcomes between the two groups. The study was
unique in comparing three year survival outcomes between
RPD and OPD with the same surgical technique by the
same surgical team.

Baimas-George er a/. in a propensity-matched
retrospective review evaluated all RPD performed for
pancreatic adenocarcinoma from 2008 to 2019 in a
single institution and matched them with open cases by
demographics and oncologic characteristics (23). Thirty
eight RPD were matched with 38 OPD. The goal was to
evaluate the long term oncologic effects of RPD versus
OPD for pancreatic ductal adenocarcinoma. All surgeries
were conducted by four fellowship trained hepatobiliary
surgeons who perform over 120 PD cases per year.
Perioperative outcomes showed no significant difference
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in operative time between OPD and RPD (RPD 392 min,
OPD 350 minutes). EBL was similar between the two
groups as was ileus, urinary retention, anastomotic leak,
POPF and wound infection. The lymph node yield was
significantly higher in the RPD group with 21.5 vs. 13.5
nodes in OPD. They also showed a significantly higher
incidence of DGE in the OPD than RPD (32% wvs. 3%,
P=0.0009). Oncologic outcomes showed equivalent R1
resection rates of mid 40% in both cohorts. Open cases
had two times the local recurrence rate (RPD 8% vs. OPD
16%, P=0.2870). The authors discuss that the significantly
higher lymph node yield and decreased inflammatory
response of robotic surgery may increase time to
recurrence and improve overall survival in pancreatic ductal
adenocarcinoma. In addition, the decrease in DGE in the
RPD arm, while not directly related to oncologic outcomes,
is of clinical significance as this results in prolonged length
of stay and delays in starting adjuvant chemotherapy. The
authors discuss that their results support the theory that
DGE is influenced by intra-abdominal inflammation, and
the overall decreased inflammation from RPD leads to
less DGE events. Although the chance of a type II error
exists with the small sample size, the data from their study
is encouraging and in line with trends of RPD showing
decreased DGE and increased lymph node harvest.

Learning curve

RPD learning curve has been extensively studied by
multiple authors (not covered in detail in this review). Kim
et al. (21) reported a single surgeon experience comparing
surgical outcomes between early (case 1-35) and late [36-70]
cases. They used propensity score matching to compare
outcomes to OPD. Shorter operative times, EBL and LOS
were observed in the second group of late cases. Boone
et al. (24) published an article on the learning curve
associated with RPD, suggesting approximately 80 cases
were needed. In a large propensity matched study, Shi
found two inflexion points at 100 and 250, where outcomes
were better than OPD in terms of operative time, EBL and
postoperative hospital stay.

Multi-institutional analysis

A comparison across more than one institution was
conducted by Zureikat et 4/. in 2016 (25). This study
involved a RPD arm from two academic surgery centers and
an OPD arm from 6 centers with high volume pancreatic
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surgeons. All surgeons were in their post-procedure
learning curve. On multivariate analysis when compared
with OPD, RPD was associated with longer operative times,
reduced blood loss and reductions in major complications.
No statistically significant differences were found in regards
to 90-day mortality or CR-POPEF, wound infection, LOS or
90-day readmission. Multivariate analysis also showed that
operative approach was not independently associated with
positive resection margins or tumor understaging. More
PDACs were resected in the OPD group than the RPD
group. In addition, only two surgeons were involved in the
RPD arm, further limiting generalizability. Overall, the
comparison showed that robotic surgery was comparable to
open in safety and short-term oncologic outcomes.

Database studies using NSQIP and NCDB

We examined several studies comparing national databases
on patients who underwent OPD vs MIPD, including RPD.
Both NSQIP and NCDB have been used in recent years
to glean trends on a national level in comparison to single-
institution studies with minimal generalizability.

Nassour et 4l. (26) in 2018 published a propensity-score
matched study using NSQIP. Of note, minimally invasive
pancreaticoduodenectomy (MIPD) included laparoscopic or
robotic. In their intention to treat analysis which included
MIPD with conversion to open, they found that MIPD
patients were less likely to have prolonged LOS >14 days
and less likely to be discharged to non-home but they were
more likely to be readmitted. In their secondary analysis
without conversion to open cases, there was no difference
in overall complications nor in the rate of pancreas specific
complications like POPF (18.5% for MIPD vs. 21.8% for
OPD, P=0.5) or delayed gastric emptying (16.6% for MIPD
vs. 18.7% for OPD, P=0.51). If completed in a minimally
invasive approach without conversion to open assist,
MIPD was associated with lower 30-day overall infectious
complications and decreased perioperative transfusion
requirement. Due to the study design using the NSQIP
database, the surgeon experience and hospital volume were
not recorded but due to the low perioperative mortality
reported in both OPD and MIPD, it was assumed that the
data was mostly from high-volume centers. Also, they did
not separate laparoscopic and robotic outcomes due to the
relatively small sample size of the MIPD group overall.

NSQIP did not report pathological or oncological
outcomes, which were eventually addressed by a study
from the same author in 2020 when Nassour et /. (27)
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published the first large national study on long term
oncologic outcomes comparing OPD vs. RPD (they also
compared open vs distal pancreatectomies but that is not
the focus of our paper) for a national cohort of pancreatic
adenocarcinoma in NCDB. Robotic pancreatic surgery
began to be recorded by the NCDB in 2010 and their study
is based on the release of data in 2016, allowing analysis
of 5-year survival data of OPD wvs. RPD. They selected
patients who underwent OPD or RPD for stages I-111
pancreatic adenocarcinoma. The primary outcome was
S-year overall survival. They also compared pathologic
outcomes (by using number of lymph nodes examined and
margin status) and perioperative outcomes (30- and 90-day
mortality, 30-day readmission rate and LOS). They
analyzed 17,831 patients, of which 4% [626] were robotic.
They did note a six-fold increase in utilization of RPD from
2010-2016. They found a higher number of lymph nodes
examined in the RPD group compared to the OPD group.
Mean overall survival was similar between RPD and OPD.
There was no difference in perioperative mortality among
RPD and OPD. LOS was shorter in the RPD than the
OPD. Interestingly, a similar earlier analysis of the NCDB
from 2010-2012 showed that MIPDs were associated with
higher 30-day postoperative mortality (28). That analysis,
however, focused more on low volume surgeons and
hospitals likely in their learning curve stage and did not
involve RPD. While this study is encouraging in its findings
of non-inferiority of RPD vs. OPD for 5-year overall
survival, improved lymph nodes examined and decreased
LOS, data on tumor involvement of vascular structures,
surgeon volume and patient selection were not available in
the NCDB database.

Another article by Torphy et a/. (29) used NCDB
to compared OPD wvs. MIPD (both laparoscopic and
robotic) with primary outcome of 90-day mortality and
secondary outcomes of 30-day mortality, length of hospital
stay, unplanned 30-day readmissions, surgical margins,
number of lymph nodes harvested, and receipt of adjuvant
chemotherapy. They found that patients who underwent
MIPD had equivalent short term and oncologic outcomes
compared to OPD. MIPD was associated with a reduction
in hospital LOS. Regardless of surgical approach, patients
operated on at high volume centers had reduced 90-day
mortality. The interaction between hospital volume and
approach was not significant, suggesting the protective
effect of pancreaticoduodenectomy and MIPD institutional
volume is the same regardless of whether the patient
underwent an OPD vs. MIPD, with an estimated 30%
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reduction in 90-day mortality for institutions in the
top Sth percentile. The authors conclude that the fact
that institutions with high total PD volume and high
MIPD volume had the lowest mortality rates for both
open and minimally invasive cases suggests that system
and institutional competency, such as the ability of the
institution to manage the postoperative complications
and avoid death from major complications, rather than
technical skills is the main determinant of the differences
in perioperative mortality across institutions. Interestingly,
a study by Hoehn et 4/. using NCDB found that compared
with academic centers, non-academic centers had equivalent
rates of conversion to open surgery, negative margins and
90-day mortality (30). Their study also showed a trend of
more RPDs being performed outside of academic centers.

Zimmerman et «/. published a retrospective study
of NSQIP outcomes from 2014-2015 between OPD,
laparoscopic pancreaticoduodenectomy (LPD) and
RPD, 3.1% of their study was RPD (31). RPD had
less perioperative transfusions and more readmissions.
Interestingly, LPD was independently associated with less
morbidity than OPD, but whether the surgeons were past
their learning curves was not extractable.

Xourafas er al. attempted to use NSQIP to define
predictors associated with prolonged operative time
(OpTime) and LOS across OPD, LPD and RPD (32). They
found perioperative risk factors for prolonged OpTime
and hospital LOS were relatively consistent across OPD,
LPD and RPD. Independent predictors of a prolonged
OpTime were ASA class >3, preoperative XRT, pancreatic
duct <3 mm, T stage >3 and vascular resection for OPD; T
stage >3 and vascular resection for LPD; and malignancy
and conversion to laparotomy for RPD. Independent
predictors of increased LOS were age >65 years, ASA class
>3, hypoalbuminemia, and preoperative blood transfusion
for OPD as well as an OpTime >370 min and specific
postoperative complications for all surgical approaches. As
with all NSQIP based analyses of RPD, the sample size of
LPD and RPD was significantly smaller than OPD, which
limits the statistical power and could explain why fewer
independent predictors of increased OpTime and LOS
were identified for LPD and RPD than with OPD.

Panni et al. used the NSQIP database to determine
if national MIPD pancreatic fistula rates are decreasing
with time (33). Their results were promising for groups at
low risk for pancreatic fistula formation but not in those
with pancreatic ducts <3 mm and soft gland texture. On
multivariate analysis, increasing year of operation was
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independently protective against pancreatic fistula [odds
ratio (OR) 0.76 per year, P<0.01] and clinically relevant
pancreatic fistula (OR 0.73 per year, P<0.01). 48.8% of
MIPD were RPD. This trend was thought to be due to
improvement in minimally invasive anastomotic techniques.

Vining et al. recently published a propensity matched
retrospective cohort study from 2014 to 2017 using the
ACS-NSQIP database comparing RPD to OPD in the
development of CR-POPF (34). Their study further
supports the findings from Cai ez 4l. that RPD is protective
against development of POPFE.

Discussion

We attempted to create a ladder of generalizability from
single surgeon experience to studies that analyzed large
data collection platforms. Each type of study offers both
insight and is subject to its own unique bias. Overall trends
in studies with increasing strengths of evidence are showing
at least noninferiority to and improvement in several key
parameters of RPD outcomes for patients. Important
barriers to the implementation of robotic programs and
robotic training are mainly the cost as well as the long and
steep learning curve. Cost analysis remains a challenge
especially when compared across countries and different
healthcare reimbursement systems and insurances. In the
US, there is some encouraging data as to the benefits of
combining a robotic approach with ERAS protocols (35).
Surgeon learning curves are also an issue, with data
ranging from 30 for experienced robotic surgeons to 250
for optimal reproducible results showing improvement in
perioperative outcomes. This curve is further accentuated if
consideration is given to the fact that in order to do robotic
pancreatic surgery, most surgeons are first trained in open
surgery where they gain the knowledge and expertise that
is then translated to robotic surgery. More resources into
structured training may help to improve this drawback of
RPD, particularly now that the ‘pioneers’ of the field can
now teach instead of discover how to do the operation. For
example, Giulianotti ez 4/. recently published a step by step
video on operative technique in RPD (36).

One of the more consistent variables in support of
RPD has been decreased EBL, and when looked at in
terms of research connecting blood loss to postoperative
complications and overall prognosis, this is significant. As
discussed in Cai et al., the only modifiable variable in the
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fistula risk score to predict POPF is blood loss. They go
on to discuss how increased blood loss potentially serves
as a surrogate for increased tissue inflammation, infectious
predisposition, decreased end-organ perfusion, and decreased
anastomotic perfusion. Thus, the underlying mechanism
by which RPD protects against CR-POPF may be related
to the precision in dissection of the robotic platform,
ultimately decreasing the inflammatory response (20).
Other research has shown that patients receiving
perioperative blood transfusions had a significantly lower
S-year survival after curative-intent pancreatic surgery (37).
While the reasons for this are multifactorial, the relevance
of a reduced EBL in RPD should not be underestimated.

The protective effects on POPF that RPD is showing
are also quite significant when the consequences down
the road that POPF generates are taken into account.
Mirrielees er al. recently published an article using a novel
way of quantifying a specific complication on the outcomes
of surgical populations by using a population attributable
fraction (PAF) and applied it to postoperative complications
of pancreaticoduodenectomies. The PAF can be used as
a proportional reduction in a given adverse outcome that
would result from complete prevention of the complication
within a surgical cohort. They found that mitigation of
POPF would result in a 19.2% reduction in the incidence of
end-organ damage, a 11.3% reduction in 30-day mortality,
a 14.5% decrease in the rate of prolonged postoperative
hospitalization, 8.3% reduction in the need for non-home
discharge, and 7.9% reduction in hospital readmission.
With the exception of DGE, no other complication
approaches POPF in terms of impact size or breadth (38).
Such data undoubtedly supports the use of a technology
that could potentially reduce both POPF and DGE.

In addition to perioperative outcomes, oncologic
outcomes have also been related to POPFE. One study
reported POPF significantly reduced disease-free survival
in pancreatic adenocarcinoma (39). Another study showed
severe complications such as POPF significantly alter both
overall and disease free survival and are an independent
factor of recurrence (40).

More directly related to oncologic outcomes is lymph
nodes harvest. Lymph node harvest has been linked to a
strong prognostic role in pancreatic ductal adenocarcinomas
with data showing that survival is independently predicted
by total lymph node harvest (41). This plus the non-
inferiority of RO resections of most studies of RPD vs. OPD
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is encouraging.

Conclusions

While moving the needle on overall survival in pancreatic
cancer as a direct correlation to operative approach remains
nebulous, the overall results of RPD on perioperative
and oncologic outcomes are encouraging. In lieu of a
randomized controlled clinical trial comparing RPD ws.
OPD in multiple institutions amongst many surgeons who
have completed their learning curves, current evidence
indicates that RPD is safe and at least non-inferior to OPD.
The increase in propensity-matched studies improves
generalizability but still remains vulnerable to unknown
confounders. Propensity-matched multi-institutional studies
could help further eliminate bias and ultimately tailor the
future of pancreatic surgery to deliver the best possible
patient outcomes.
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