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Objective: To assess feasibility and safety of a multicenter training pro-
gram in robotic pancreatoduodenectomy (RPD) adhering to the IDEAL
framework for implementation of surgical innovation.
Background: Good results for RPD have been reported from single
center studies. However, data on feasibility and safety of implementation
through a multicenter training program in RPD are lacking.
Methods: A multicenter training program in RPD was designed together
with the University of Pittsburgh Medical Center, including an online
video bank, robot simulation exercises, biotissue drills, and on-site
proctoring. Benchmark patients were based on the criteria of Clavien.
Outcomes were collected prospectively (March 2016-October 2019).
Cumulative sum analysis of operative time was performed to distinguish
the first and second phase of the learning curve. Outcomes were com-
pared between both phases of the learning curve. Trends in nationwide
use of robotic and laparoscopic PD were assessed in the Dutch Pancre-
atic Cancer Audit.
Results: Overall, 275 RPD procedures were performed in seven centers
by 15 trained surgeons. The recent benchmark criteria for low-risk PD
were met by 125 (45.5%) patients. The conversion rate was 6.5% (n = 18)
and median blood loss 250ml [interquartile range (IQR) 150–500]. The
rate of Clavien-Dindo grade ≥III complications was 44.4% (n = 122),
postoperative pancreatic fistula (grade B/C) rate 23.6% (n = 65), 90-day
complication-related mortality 2.5% (n = 7) and 90-day cancer-related
mortality 2.2.% (n = 6). Median postoperative hospital stay was 12 days
(IQR 8–20). In the subgroup of patients with pancreatic cancer (n = 80),
the major complication rate was 31.3% and POPF rate was 10%.
Cumulative sum analysis for operative time found a learning curve
inflection point at 22 RPDs (IQR 10–35) with similar rates of Clavien-
Dindo grade ≥III complications in the first and second phase (43.4% vs
43.8%, P = 0.956, respectively). During the study period the nationwide
use of laparoscopic PD reduced from 15% to 1%, whereas the use of
RPD increased from 0% to 25%.
Conclusions: This multicenter RPD training program in centers with
sufficient surgical volume was found to be feasible without a negative
impact of the learning curve on clinical outcomes.

Keywords: complication, learning curve, operative time, robotic pan-
creatoduodectomy, robotic surgery

(Ann Surg 2022;276:e886–e895)

M inimally invasive pancreatoduodenectomy can be per-
formed using the laparoscopic approach, first reported in

1994,1 and by the robotic approach, first reported in 2000.2 In
recent years, 3 randomized trials have compared laparoscopic
pancreatoduodenectomy (LPD) to open pancreatoduo-
denectomy (OPD).3–5 The Indian PLOT and the Spanish
PADULAP monocenter trials reported improved or similar
complication rates and shorter hospital stay with LPD, as
compared to OPD.4,5 The multicenter Dutch LEOPARD-2 trial,
however, was prematurely stopped because of an (nonsignificant)
increase in mortality after LPD, as compared to OPD.3

Several high-volume centers have reported good outcomes
with robotic pancreatoduodenectomy (RPD).6–13 Hereafter, the
Dutch Pancreatic Cancer Group decided to advice against the
use of LPD in the Netherlands and started a training program
for RPD in selected high-volume centers.

In 2016 and 2019, the Dutch Pancreatic Cancer Group
reported on the LAELAPS-114 and LAELAPS-215 training pro-
grams for laparoscopic distal pancreatectomy and LPD, respec-
tively. The multicenter LAELAPS-3 training program in RPD
was developed in close collaboration with the highly experienced
University of Pittsburgh Medical Center (UPMC) group, who

previously pioneered training strategies for RPD.16–18 Prospective
multicenter training programs for RPD were not available in the
literature.19

The present study aims to assess safety and feasibility of a
multicenter training program in RPD in the Dutch healthcare
setting including the trends in the use of LPD and RPD in the
Netherlands during the same period.

METHODS
This prospective multicenter study investigated the out-

comes of the LEALAPS-3 multicenter training program in RPD
which was designed in collaboration with the UPMC group
(MH, HZ, AZ).16–18 Data of all consecutive RPDs were col-
lected from March 2016 to October 2019, including the first
procedure in every participating center. This study followed the
guidelines for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE).20 The medical ethics review
committee of Amsterdam UMC, location Academic Medical
Center, waived the need for informed consent due to the
observational nature of this study. This study was registered at
the Netherlands Trial Register (NTR8073).

Patients
The following selection criteria were used: body mass

index (BMI) ≤35kg/m2 without signs of vascular involvement on
a pancreatic CT scan not older than 4 weeks at the time of
surgery. With increasing experience, a few patients were included
with a BMI above 35 or with some vascular abutment. The final
decision to select a patient for RPD was left at the discretion of
the surgical team.

Centers
The training program was only offered to centers with

sufficient surgical volume to perform at least 20 RPDs annually
as recommended by the recent international evidence-based
Miami guidelines21 and the University Pittsburgh Medical
Center (UPMC) group.3,16,21 The Miami guidelines and others
also recommend participation in structured training programs
for surgeons undertaking RPD, including virtual reality simu-
lation, biotissue models, surgical video review, and on-site
proctoring.21,22 All patients received at least 1 postoperative
surgical drain. Drains were generally removed once amylase
levels were low (less than 3 times the upper limit of normal serum
amylase). The primary management of clinically relevant post-
operative pancreatic fistula was by minimally invasive catheter
drainage.23,24 Patients could be discharged in case of a good
clinical condition with the surgical or other drains in situ. Drains
were subsequently removed at the outpatient clinic.

Training Program
The steps of the LAELAPS-3 program are shown in

Figure 1, and remained unchanged throughout the study period.
First, simulation training required ≥95% scores on 22 predefined
da Vinci Skills Simulator exercises (Supplemental table 1, http://
links.lww.com/SLA/C948).17 Second, biotissue training com-
prised of basic suturing and anastomoses training on artificial
organs, according to the UPMC training model; 2 suture drills; 4
or more hepaticojejunos-tomies; and 4 or more pan-
creaticojejunostomies.18 Third, video training was accessible
through an online, private video database (VIMEO, New York,
NY) containing > 100 edited videos with content ranging from
biotissue drill, essential steps during RPD, and entire RPD
procedures (courtesy of MH).25 Fourth, on-site proctoring was
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performed by an international experts (HZ, MH, AZ, and OM).
At the start of the program, all participating surgeons had at
least 5 years of experience with open pancreatic surgery. Sur-
geons at 3 participating centers had experience with LPD.

Surgical Technique
The Intuitive (Sunnyvale, CA) da Vinci surgical system

was used for all RPD procedures. In all centers each procedure
was performed by teams of at least 1 console surgeon and at least
1 bedside surgeon. These 2 surgeons were present during the
entire RPD procedure. Based on their preferences in open sur-
gery, minor alterations to the standard RPD technique were
allowed, such as the sequence of steps or type of pancreatic
anastomosis (6 centers used the modified Blumgart anastomosis
as described by UPMC,26 and 1 center used pancreaticogas-
trostomy). See supplemental text 1, http://links.lww.com/SLA/
C949 for a detailed description of the surgical procedure. In one
center the bed-side surgeon was replaced by a dedicated nurse
specialist.

Definitions
Conversion was defined as a laparotomy to perform part

of the resection or reconstruction, either reactive/urgent or
conditional/ nonurgent.27 Complications were scored according
to the Clavien-Dindo classification.28 Postoperative pancreatic
fistula, delayed gastric emptying, postpancreatectomy hemor-
rhage, and chyle leakage were scored according to International
Study Group on Pancreatic Surgery definitions. Only grade B/C
complications were recorded as being clinically important.29–32

Bile leak was scored according to the International Study Group
on Liver Surgery definition.33 Surgical site infections were scored
according to the Centers for Disease Control and Prevention
definition.34 Oncologic radicality was assessed according to the
guidelines of both the Royal College of Pathologists (> 1 mm
margin free for a R0 resection; RCP-R0) and the College of
American Pathologists (0 mm margin free for a R0 resection’
CAP-R0).35,36 Lymph node count was performed in compliance
the American Joint Committee on Cancer.37

Operative time was defined as the time between first
incision until full closure of incisions and usually included a
short break between the resection and anastomotic phase.

FIGURE 1. Overview of a multicenter training program for robotic pancreatoduodenectomy. Vertical: Step-wise completion of
training elements. Horizontal: Combined training elements during each time frame. dVSS indicates da Vinci Skills Simulator.
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Resection time was defined as start of the mobilization phase
until the entire specimen was resected. Reconstruction time was
defined as start of positioning the bowel for the first anastomosis
until the last stitch of the last anastomosis. Other operative time
was defined as operative time minus the reconstruction- and
resection time. Extended resection was defined as resections
other than pancreatic head, duodenum, pylorus, distal stomach,
gallbladder, or regional lymph-node stations. Venous resection
was defined as a partial- or segmental resection of the porto-
mesenteric vein. Benchmark patients, that is, patients without
significant comorbidities and major vascular resection, were
identified based on the 2019 criteria of Clavien et al.38

Data Collection
Data were prospectively collected during hospital stay and

after discharge up to 90 days postoperatively. Collected baseline
characteristics were sex, age, BMI, comorbidity and medical
history, American Society of Anesthesiologist physical status
(ASA score), pancreatic duct diameter, and pancreatic textures
(soft or firm). Collected operative outcomes were conversion,
perioperative use of somatostatin analogue, operative time,
measured intraoperative blood loss (mL, including both blood in
suction canister and in gauzes), histopathological diagnosis,
tumor size, resection margins and lymph node retrieval.

Collected postoperative outcomes were postoperative
pancreatic fistula, bile leakage, delayed gastric emptying, post-
pancreatectomy hemorrhage, chyle leakage, incisional surgical
site complication, intensive care unit admission, complications
according to Clavien-Dino classification, length of hospital stay,
readmission, neoadjuvant chemo (radio)therapy, in-hospital,
30-day, and 90-day mortality. In addition, nationwide trends on
the use of LPD and RPD were obtained via the Dutch Pancre-
atic Cancer Audit to assess potential practice shifts over time.39

Statistical Analysis
Data were analyzed using IBM SPSS statistics for Win-

dows version 26 (IBM Corp, Armonk, NY). Normally dis-
tributed continuous data were presented as means and standard
deviations (SDs). Non-normally distributed continuous data
were presented as medians and interquartile ranges (IQRs).
Categorical data were presented as frequencies and percentages.
Pearson Correlation (r) was used to test trends in continuous
data. A two-tailed P value < 0.05 was considered statistically
significant. Subgroup analyses included low vs high risk patients
and patients with and without pancreatic ductal adenocarci-
noma. Three sensitivity analyses were performed; first by
excluding endoscopic feeding tube placement as Clavien-Dindo
grade III complication; second by excluding centers who per-
formed less than 60 RPDs altogether; third by excluding the first
20 RPDs for each center.

The cumulative sum method (CUSUM) was used to
determine the learning curve for operative time per center.
CUSUM divided the study population per center in 2 groups;
the first and second phase of the learning curve for operative
time.40–43 Validity of CUSUM analysis improves along with the
size of the cohort. Therefore, data of 4 centers who had per-
formed at least 20 consecutive RPDs until the end of the study
period were included in the learning curve analyses (Centers
A-D). The CUSUM for operative time was the running total
of differences between the individual data points and the mean of
all data points for each center. The total operative time was used
to identify the overall learning curve per center. See supple-
mental text 2, http://links.lww.com/SLA/C950 for the essentials
of the CUSUM.

Analyses were performed according to intention-to-treat
principles, meaning that RPD procedures that were converted to
OPD remained in the RPD group for analyses.

RESULTS

Training Program
A total of 275 RPD procedures were performed by 15

trained surgeons from 7 centers who had completed the training
program. One center had performed 5 RPDs before the start of
the training program. The other 6 centers performed their first
RPD after the biotissue exercises within the training program.
The mean annual RPD center volume was 21 (SD 9). Two of the
7 centers performed less than 20 RPDs annually (actual annual
volume in these centers calculated for a 12 months period was 16
and 8 RPDs). The 15 robot console surgeons had performed at
least 26 simulation exercises individually, a total of 58 biotissue
pancreaticojejunostomy and 55 biotissue hepaticojejunostomy
anastomoses. The training program comprised approximately
26 hours during a period up to 3 months until the first proctored
RPD. The additional time spent on educational videos was
not monitored. Per center, median 3 surgeons were trained
(IQR 2–4). A total of 16 on-site RPD proctoring sessions were
organized in which all surgeons were proctored. The RPD
proctoring procedures took place throughout the study period:
March 2016 [center A], September 2016 [center B], January 2017
and September 2017 [both times centers B and C], December
2018 [centers D, E, F], and May 2019 [center D, E, F, G] (See
supplemental table 2, http://links.lww.com/SLA/C951 for more
details on inclusion rates and start of enrollment). The median
number of proctoring sessions per surgeon was 2 (IQR 1–3).
During proctoring, most RPD procedures were performed by
teams of 2 surgeons. Finally, of the 7 teams, 15 surgeons were
trained to perform RPD on the da Vinci Surgeon Console, the
other surgeons were trained as bed-side surgeons, providing
laparoscopic assistance. Console surgeons had > 8 years of
experience performing open pancreatic surgery. Experience with
the robotic platform ranged from 1 to 4 years. Seven surgeons
from 3 centers had previous experience with 30 to 55 LPDs per
center in the LAELAPS-2 training program (2014–2016) and the
LEOPARD-2 trial (2016–2017). All surgeons had performed several
robotic pancreatic procedures such as pancreatic distal pan-
createctomy, robotic lateral pancreaticojejunostomies, and pan-
creatic enucleations (see Fig. 1).

Baseline Characteristics
Overall, 53.1% of patients were male (n = 146) and the

median age was 68 years (IQR 61–74). Of all patients, 23.3%
(n = 64) were ≥75 years, 13.1% (n = 36) had a BMI ≥ 30kg/
m2,27.6% (n = 76) were American Society of Anesthesiologist 3,
and 37.1% (n = 102) had previous abdominal surgery. Fifteen
patients (5.5%) received preoperative chemo (radio)therapy. All
procedures were performed using da Vinci surgical systems:
55.6% Xi (n = 153), 25.1% Si (n = 69), 12.4% S (n = 34), and
6.9% X (n = 19). Overall, 45.5% (n = 125) of patients could be
categorized as low-risk patients based on the recent benchmark
criteria of Clavien et al. Baseline characteristics are shown in
Table 1.

Perioperative Outcomes
The overall conversion rate was 6.5% (n = 18), which was

urgent in 3.3% of patients (n = 9). The urgent conversions were
due to venous bleeding during mobilization of the mesenteric
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vein (n = 3), during tunneling of the pancreas (n = 2), during
resection of the uncinate process from the mesenteric vein
(n = 2), due to arterial bleeding during duodenal mobilization
from the uncinate process (n = 1), or a bleeding from the supe-
rior mesenteric artery after the pancreatic anstomosis had been
constructed (n = 1). Six patients developed major morbidity and
2 patients died in this subgroup of urgent conversion. Overall,
median operative time was 420 minutes (IQR 382–486) and
median blood loss 250 mL (IQR 150–500). Median pancreatic
duct diameter was 3 mm (IQR 2–5), pancreatic texture was soft
in 51.3% (n = 141) of patients. Venous resections and extended
resections were performed in 6.2% (n = 17) and 3.6% (n = 10) of
patients, respectively.

Overall, 75.3% of patients (n = 207) had a malignant
histopathological diagnosis, with 52.7% RCP-R0 (n = 103) and
94.7% CAP-R0 (n = 196) resections rates. Overall, 29.1% of
patients (n = 80) had pancreatic ductal adenocarcinoma, with
43.8% RCP-R0 and 92.5% CAP-R0 resections rates. Overall,
Median lymph node harvest was 15 (IQR 12–19, range 3–33,
mean 15.7). Operative outcomes are shown in Table 2.

Postoperative Outcomes
Of all patients, 44.4% (95% CI: 38.4–50.5%) (n = 122)

developed a Clavien-Dindo grade ≥III complication and 17.1%
(n = 47) were admitted to the intensive care unit (ICU) for
complications. Median length of initial hospital stay was 12 days
(IQR 8–20). In total, 14.2% (n = 39) were readmitted within
90-days after initial discharge. Median length of total hospital

TABLE 3. Postoperative Outcomes

Postoperative Outcome n = 275

Unplanned ICU admission, n (%) 47 (17.1)
Length of initial hospital stay, median days (IQR) 12 (8–20)
Initial hospital stay < 7 d, n (%) 38 (13.8)
Readmission, n (%) 39 (14.2)
Length of total hospital stay, median days (IQR) 14 (8–22)
Clavien-Dindo complication > III, n (%) 122 (44.4)

Benchmark patients only 52/125 (41.6)
Excluding endoscopic feeding tube placement* 107/275 (38.9)
Pancreatic ductal adenocarcinoma 25/80 (31.3)

Postoperative pancreatic fistula (Grade B/C), n (%) 65 (23.6)
B 55 (20.0)
C 10 (3.6)

Bile leakage (Grade B/C), n (%) 30 (10.9)
Delayed gastric emptying (Grade B/C), n (%) 91 (33.1)
Postpancreatectomy hemorrhage (Grade B/C), n (%) 31 (11.3)

Extraluminal bleeding 24 (8.7)
Intraluminal bleeding 7 (2.5)

Chyle leakage (Grade B/C), n (%) 17 (6.2)
Incisional Surgical Site Complication, n (%) 14 (5.1)
Surgical Site Infection, n (%) 39 (13.8)

Superficial incisional surgical site infection 10 (3.6)
Deep incisional surgical site infection 4 (1.5)
Organ- or space surgical site infection 24 (8.7)

Requiring drainage 12 (4.2)
Reoperation, n (%) 27 (9.8)
In-hospital mortality, n (%) 9 (3.3)
30-d mortality, n (%) 6 (2.2)
90-d all cause mortality, n (%) 13 (4.7)

90-d complication-related mortality 7 (2.5)
90-d cancer-related mortality 6 (2.2)

*Excepting Clavien–Dindo III complication limited to endoscopic feeding tube
placement as only intervention.

TABLE 1. Baseline Characteristics

Characteristic n = 275

Age, yr, median (IQR) 68 (61–74)
Age ≥75 yr, n (%) 64 (23.3)
BMI, kg/m2, median (IQR) 25 (23–27)
BMI ≥30 kg/m2, n (%) 36 (13.1)
Male, n (%) 146 (53.1)
Comorbidity and medical history, n (%) 244 (88.7

Cardiovascular disease 138 (50.2)
Pulmonary disease 99 (36.0)
Gastrointestinal disease 120 (43.6)
Pancreatitis 48 (17.5)
Endocrine disease 23 (8.4)
Diabetes 46 (16.7)
Oncologic disease < 5 years prior 53 (19.3)
Neurologic disease 53 (19.3)
Other past medical history 140 (50.9)

ASA physical status, n (%)
1 22 (8.0)
2 177 (64.4)
3 76 (27.6)
Previous abdominal surgery, n (%) 102 (37.1)
Neoadjuvant chemo (radio)therapy, n (%) 15 (5.5)
Suspected malignant disease, n (%) 172 (62.5)
Benchmark classification*, n (%) 125 (45.5)

*Benchmark patients were identified based on the 2019 criteria of Clavien et al.28.
ASA indicates American Society of Anesthesiologist.

TABLE 2. Operative and Pathology Outcomes

Operative Outcome n = 275

Extended resection, n (%) 10 (3.6)
Total operative time, min., (IQR) 420 (382–486)

Operative times < 400 min, n (%) 99 (36.0)
Resection phase* 203 (169–244)
Reconstruction phase* 155 (132–183)
Other time 73 (46–105)

Blood loss, mL, median (IQR) 250 (150–500)
Conversion, n (%) 18 (6.5)

Urgent conversion 9 (3.3)
Venous resection, n (%) 17 (6.2)

Segmental 3 (1.1)
Soft pancreatic gland texture, n (%) 141 (51.3)
Pancreatic duct diameter, mm, median (IQR) 3 (2–5)

Pancreatic duct diameter < 3 mm, (%) 80 (29.1)
Perioperative use of somatostatin analogue, n (%) 134 (48.7)
Malignant disease, n (%) 207 (75.3)

Pancreatic ductal adenocarcinoma 80 (29.1)
Distal cholangiocarcinoma 37 (13.4)
Ampullary cancer 47 (17.1)
pNET 12 (4.4)
Other 31 (11.3)

Premalignant or benign disease, n (%) 68 (24.7)
Intraductal papillary mucinous neoplasm 29 (10.5)
Low-/intermediate-grade dysplasia 25 (9.1)
High-grade dysplasia 4 (1.5)

Ampullary adenoma 12 (4.4)
Auto-immune pancreatitis or cholangitis 10 (3.6)
Chronic pancreatitis 7 (2.5)
Other 10 (3.6)

Tumor size, mm (IQR) 24 (15–34)
Lymph node harvest, # (IQR) 15 (12–19)
RCP-R0 resection in all patients#, n (%) 109 (52.7)
CAP-R0-resection in all patients^, n (%) 196 (94.7)

#RCP-R0 reseciton = 1 mm free margin.
^CAP-R0 = 0 mm free margin.
*pNET indicates Pancreatic neuroendocrine tumor
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stay including readmission was 14 days (IQR 8–22, Range 2–84).
Overall, 23.6% (n = 65) of patients developed postoperative
pancreatic fistula, of whom 20.0% (n = 55) grade B and 3.6%
(n = 10) grade C. Of all patients with pancreatic fistula, 61.5%
(n = 40) patients were discharged with the surgical drain in place.
The rate of postoperative pancreatic fistula in patients with
pancreatic ductal adenocarcinoma was 10% (8 out of 80
patients). The rate of bile leakage was 10.9% (n = 30), of which
8.4% (n = 23) grade B and 2.5% (n = 7) grade C. Twelve of these
30 patients had concomitant pancreatic fistula. Overall, 33.1% (n
= 91) of patients developed delayed gastric emptying, and 11.3%
(n = 31) developed postpancreatectomy hemorrhage (of these, 24
involved extraluminal bleeding and 7 involved intraluminal
bleeding originating from the gastrojejunal anastomosis), and
6.2% (n = 17) developed chyle leakage. Overall, 9.8% (n = 27) of
patients underwent a reoperation. In-hospital mortality was
3.3% (n = 9), 30-day mortality 2.2% (n = 6). The 90-day com-
plication-related mortality was 2.5% (n = 7) and the 90-day
cancer-related mortality rate was 2.2% (n = 6). Postoperative
outcomes are shown in Table 3. Underlying pathology in
patients who died from progressive disease was pancreatic ductal
adenocarcinoma (n = 5), and pancreatic cancer arising from

intraductal papillary mucinous neoplasm (n = 1). Of the 13
patients who died within 90 days, 11 had malignant disease and 2
had benign disease.

An analysis of the subgroup of low-risk patients (n = 125)
based on the recent benchmark criteria was performed. A
ClavienDindo ≥ III complication developed in 41.6% of this
subgroup (95% CI: 32.9–50.8%) (n = 52). A subgroup analysis
compared patients with pancreatic ductal adenocarcinoma (n =
80) and other patients (n = 195). A lower rate of Clavien-Dindo
> III complications was seen in patients with pancreatic ductal
adenocarcinoma, 31.3% (n = 25) versus in other patients 49.7%
(n = 97), P = 0.004.
Learning Curve Effect

From the CUSUM learning curve of operative time data
of 4 centers that performed more than 20 RPDs in the entire
program were included. The inflection point per center was
reached after a median of 22 RPD procedures, thus defining the
first and second phase of the learning curve. Except for neo-
adjuvant chemo (radio)-therapy, baseline characteristics were
comparable before and after the inflection point, see supple-
mental table 3, http://links.lww.com/SLA/C952. In the second
phase of the learning curve, median total operative time was

TABLE 4. Outcomes in the First and Second Phase of the Learning Curve as Defined by the CUSUM Inflection Point for
Operative Time

Operative Outcome
Total

(n = 275)
Before Inflection Point,
First Phase (n = 83)

After Inflection Point,
Second Phase (n = 144) P Value

Total operative time, min, median (IQR) 420 (382–486) 467 (407–540) 415 (383–463) 0.009
Resection phase 203 (169–244) 205 (166–281) 187 (162–240) 0.009
Reconstruction phase 155 (132–183) 155 (133–180) 158 (132–183) 0.601
Other 73 (46–105) 80 (62–118) 56 (33–89) 0.002

Blood loss, mL, median (IQR) 250 (150–500) 250 (150–650) 300 (150–500) 0.613
Conversion, n (%) 18 (6.5) 6 (7.2) 8 (5.6) 0.631

Urgent conversion, n (%) 10 (3.6) 3 (3.6) 5 (3.5) 0.640
Clavien-Dindo complication > III, n (%) 122 (44.4) 36 (43.4) 63 (43.8) 0.956
Postoperative pancreatic fistula (Grade B/C), n (%) 65 (23.6) 14 (16.9) 40 (28.0) 0.123
90-day mortality, n (%) 13 (4.7) 4 (4.8) 8 (5.6) 0.811

Data of 4 centers who performed at least 20 consecutive RPDs in de study period were included in the learning curve analyses.
CUSUM indicates Cumulative sum analysis of operative time.

FIGURE 2. Annual use of laparoscopic and robotic pancreatoduodenectomy. A, Approach to pancreatoduodenectomy over time.
B, The annual total number of patients undergoing laparoscopic and robotic pancreatoduodenectomy.
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52 minutes shorter for all centers (median operative time of 467
vs 415 min, P = 0.009). After 60 RPD procedures (reached in 2
out of 7 centers), no further decrease in total operative time was
seen, see Supplemental Figure 1, http://links.lww.com/SLA/
C953. After the inflection point, the resection time was
18 minutes shorter (median 205 vs 187 minutes, P = 0.009), other
operative time (such as trocar placement, specimen extraction,
skin closure, etc) was 24 minutes shorter (median 80 vs 56 min, P
= 0.002), whereas the reconstruction time was similar (median
155 vs 158 min, P = 0.601) between the first and second phase of
the learning curve.

After the inflection point, no statistically significant differ-
ences were seen in conversion rates (7.2% vs 5.6%), Clavien-Dindo
complication ≥III complications (43.4% vs 43.8%), postoperative
pancreatic fistula (16.9% vs 28.0%), and 90-day mortality (4.8% vs
5.6%) (Table 4), for the first and second phase, respectively. Sen-
sitivity analysis of the 2 centers which performed over 60 RPDs
and sensitivity analysis excluding the first 20 RPDs per center
revealed no significant changes in the findings, that is, operative
time, conversion rates, postoperative hospital stay, readmission,
Clavien-Dindo complication > III, postoperative pancreatic fis-
tula, bile leakage, pospancreatectomy hemorrhage, and 90-day
mortality did not differ significantly.

Nationwide Trends
Between 2016 and 2019, the nationwide proportion of

LPD decreased from 15% to 1% (r = –0.921, P = 0.040), whereas
the use of RPD increased from 0% to 25% (r = 0.983, P = 0.017)
(see Fig. 2).

DISCUSSION
This first report of a multicenter training program in RPD

demonstrated its feasibility and safety through acceptable out-
comes with 44.4% Clavien-Dindo grade III or higher complica-
tions, 3.3% in-hospital mortality rate, 6.5% conversions, and
12 days median hospital stay. These outcomes include all pro-
cedures starting with the first RPDs performed in 7 centers. The
CUSUM analysis identified an inflection point for operative time
at 22 RPD procedures which reflects a relatively short learning
curve. Outcomes in the first and second phase of the learning
curve in the study period did not differ significantly which sup-
ports the safety of this training program approach.

Similar studies on multicenter RPD training programs are
lacking.19,44 Previous studies from the UPMC group and Uni-
versity of Heidelberg described elements of this training program
such as simulation exercises, biotissue training, and proctor-
ing.22,45,46 In the current study, the reconstruction time was similar
between both phases of the learning curve for operative time
suggesting a positive impact of the training program and sup-
porting the use of the highly standardized biotissue anastomoses
training. Further qualitative analysis is ongoing to assess the
anastomoses and possibilities for further improvement.18,26,46,47

Outcomes of the current training program were relatively
comparable to the preceding LAELAPS-2 training program on
LPD in 4 centers (n = 114) for Clavien-Dindo grade ≥ III
complications (44.4% vs 43.0%), postoperative pancreatic fistula
(23.6% vs 34.2%), complication related 90-day mortality (2.5%
vs 3.5%).15 The conversion rate in the current study was lower
(6.5% vs 11%), as demonstrated by previous studies.48 Moreover,
the 4.7% mortality is similar to the overall mortality after pan-
creatoduodenectomy in the Netherlands before this training
program (4.1% in the period 2014–2015)49 and similar to the
6.1% mortality after pancreatic surgery in German very high
volume centers (highest quintile, period 2009–2013).50

According to the Assessment phase of the IDEAL
framework, the actual benefit of RPD over OPD remains to be
proven by randomized controlled trials.51 To date, several ret-
rospective multicenter studies have directly compared RPD with
OPD.52–55 First, Zureikat et al (n = 211) found comparable
safety and short term oncologic efficacy, while reducing major
complications (OR 0.64, 95% CI: 0.47-0.85) for RPD (UPMC
and Cleveland Clinic) versus OPD in 6 high volume centers.52

Second, the European consortium on Minimally Invasive Pan-
creatic Surgery compared RPD (n = 184), LPD, and OPD.53

They found no differences in major morbidity, mortality, and
hospital stay between the approaches, but reported a lower
conversion rate with RPD versus LPD (5% vs 26%).53

We compared the outcomes of this multicenter training
program to the first 200 RPD procedures as reported by the
UPMC group,56 the proctors of the present study. Some baseline
differences were seen, such as mean BMI (28 vs 25), previous
abdominal surgery (52% vs 37%), and pancreatic ductal adeno-
carcinoma (52% vs 29%) for the UPMC study and the present
study. Outcomes were largely comparable, such as operative
time (483 vs 420 minutes), conversion rate (5.2% vs 6.5%), blood
loss (250 vs 250 ml), and 90-day mortality (3.3% vs 4.7%), for the

TABLE 5. Reports on the Learning Curve of Robotic Pancreatoduodenectomy

RPD series Year Total
Mono- /

Multicenter
Operative
Time

(E)
BL Conversion

Hospital
Stay

Major
Morbidity

Fistula,
% Mortality†

Inflection
CUSUMOT, N

Chen et al.7 2014 60* Monocenter 410 400 1 (1.7) 20 7 (11.7) 8.3 1 (1.7) 40
Napoli et al.9 2016 70* Monocenter 522 – 1 (1.4) 23.2 12 (17.1) 35.7 2 (2.8) 33
Shyr et al.6 2018 61* Monocenter – 100 Excluded 24 6 (9.8) 11.5 0 (0.0) 20
Takahashi

et al.10
2018 65* Monocenter 498 155 3 (4.6) 7 20 (30.8) 3.1 0 (0.0) 15–30

Guerra et al12 2018 59* Monocenter 515 1500 11 (18.6) 9 15 (25.4) 11.8 2 (3.3) 20
Zureikat

et al.8
2019 500* Monocenter 415 200 26 (5.2) 8 (6–11) 124 (24.8) 7.8 15 (3.0) 80

Shi et al.11 2019 450* Monocenter 307 419 5 (1.1) 22 32 (7.1) 9.8 – 170
Marino

et al.13
2020 60* Monocenter 415 220 6 (10) 11 12 (20) 11.1 3 (5.0) 30

LAELAPS-3 2020 275 Multicenter 420 250 18 (6.5) 12 (8–20) 122 (44.4) 23.6 6 (2.2) 22

*Consecutive number of included RPDs.
†30-day complication related mortality.
(E)BL indicates (Estimated) Blood Loss; CUSUMOT, Cumulative sum analysis of operative time; Major Morbidity, Clavien-Dindo grade ≥III complication; RPDs,

Robotic pancreatoduodenectomies.
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UPMC study and the present study. Better outcomes were seen
in the first 200 RPDs for UPMC for length of stay (median 9 vs
12 days), Clavien-Dindo grade ≥III complications (26% vs 44%),
and postoperative pancreatic fistula (9% vs 24%) while the
readmission rate was lower in the current study (29.2% vs
14.2%). In the first 500 RPDs of UPMC, a significant further
reduction in both operative time and postoperative pancreatic
fistula was seen showing that increase in experience will further
improve outcomes.8

Outcomes were also compared with published single cen-
ter studies with up to 500 consecutive RPDs, see Table 5.6,8–13

The majority of these studies did not explicitly mention whether
the first RPD per center were included in the analyses.6,8–11 The
present multicenter study largely parallels these studies.6,8–13

The rate of Clavien-Dindo grade > III complications seems to be
higher in the present study, although morbidity rates vary widely
between series which could be related to registration bias
and patient selection.8,57,58 Furthermore, the current study is a
prospective study which reduced the risk of bias.

Comparing outcomes or RPD across centers is hampered
by differences in patient populations. The recent benchmark
paper demonstrated that the percentage of benchmark patients
differed from 9% to 93% across centers for OPD.38 Only about
half of the present multicenter study population qualified as low-
risk cases. Outcomes of RPD for the low-risk population in the
present study were acceptable in this early learning curve expe-
rience, Clavien-Dindo grade ≥ III: 41.6% (benchmark < 30%);
median hospital stay: 12 days (benchmark 15 days); and 90-day
mortality: 4.3% (benchmark ≤ 5%).38 The relatively high rate of
Clavien-Dindo ≥ III complications (41.6%) may be partly
explained by the low percentage (29.1%) of patients with pan-
creatic ductal adenocarcinoma in this study. In the current study,
Clavien-Dindo ≥ III complications were reduced in patients with
pancreatic ductal adenocarcinoma (31.3% vs 49.7%), in line with
previous reports, such as by Dokmak et al.59 The rate of POPF
(10%) was also lower in the subgroup who underwent an RPD
for pancreatic ductal adenocarcinoma. Moreover, the compli-
cation rate is similar to the open group of the 3 recent
randomized controlled trials: the Dutch LEOPARD-2 trial:
39%; the Spanish PADULAP trial: 34%; the Indian PLOT trial:
31%.3–5

The rate of bile leakage was rather high with 11% (95% CI:
7.5%–15.2%), especially when compared to the ~5% bile leakage
dictated by studies on textbook outcomes.60 Yet, this rate is not
different from the 12% bile leak seen after laparoscopic PD and
10% after open PD in the LEOPARD-2 trial.3 This could partially be
explained by the low rate of pancreatic cancer (29%) as seen in
both the present study and in the LEOPARD-2 trial.

It is difficult to compare length of postoperative stay
between international studies. For example, in the current study,
62% of patients with postoperative pancreatic fistula were dis-
charge from the hospital with drains in situ, whereas in a similar
study by Napoli et al, national guidelines only allowed discharge
from the hospital when patients fully recovered and needed no
outpatient care.9

In the current study, the CAP-R0 (0 mm) rate in the
current study (94.7%) met textbook outcomes as identified from
the National Cancer Database (> 77.9%).61 However, the RCP-
R0 (> 1 mm) rate of 52.8% in the current study was lower than
previously described in the Netherlands (66.4% in 1736 patients)
for patients with pancreatic/bile duct cancers.62 The mean
number of lymph nodes harvested in the current study (15.7) was
higher than reported in that same Dutch study62 and is in line
with the literature: 8.7 to 23.4 nodes.63

The results of this study should be interpreted in light of
some limitations. First, some changes other than surgical expe-
rience could have contributed to the shortening of operative time
during the program. For instance, 2 out of 7 centers performed
their first procedures on a precursory version of the da Vinci
surgical system before switching to a da Vinci Xi system, after 14
and 34 cases. Second, the current study design did not assess
impact of variations in the training program. For instance,
outcomes could be further improved with more extensive proc-
toring or with a minimal proficiency score in the biotissue
drills.45 The current design, however, reflects a pragmatic and
feasible approach which could probably be translated to high-
volume centers in other healthcare settings. As an example, the
European consortium on Minimally Invasive Pancreatic Surgery
group has recently launched the LEARNBOT (NTR8898) program
to translate the current training program to a European level.
Third, not all centers had performed 20 RPDs at the time of this
analysis. The learning curve outcomes for 3/7 centers will still
have to be determined.

Strengths of this study include the use of a dedicated
training program within a multicenter setting in high-volume
centers in close collaboration with the highly experienced UPMC
group and the prospective data collection of this study with
meticulous valuation of complications and readmissions.

In conclusion, a multicenter RPD training program was
found to be feasible with acceptable outcomes during the early
learning curve. No negative impact on patient outcomes of the
first learning curve phase was detected. Future prospective,
comparative studies should compare RPD with OPD and LPD
to provide a more definitive answer with focus on the relatively
high morbidity and mortality. Care should be taken, similar to
LPD, to ensure safe implementation of RPD.
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