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Background: Propensity score-matched analyses comparing the safety and efficacy of laparoscopic
pancreaticoduodenectomy (LPD) to open pancreaticoduodenectomy (OPD) that consider the effect of the
learning curve for LPD are lacking. We use Propensity score-matched to compare the safety and efficacy of
LPD during the learning curve to OPD.

Methods: The medical records of 296 consecutive patients who had undergone LPD or OPD between
September 2016 and August 2019 at Fujian Provincial Hospital were retrospectively reviewed. Patients
treated with LPD were matched 1:1 to those treated with OPD. Calculation of propensity scores considered
age, gender, body mass index (BMI), tumor location, pathology, incidence of obstructive jaundice, incidence
of biliary drainage, pancreatic texture, pancreatic duct diameter, previous abdominal surgery, comorbidities,
and case distribution of the surgical team.

Results: After propensity score matching, 196 patients were divided into two groups: 98 patients in the
LPD group and 98 patients in the OPD group. LPD performed during the learning curve was associated
with a longer median operative time (OT) (432 vs. 328 min, P<0.001), a higher incidence of major surgery-
associated complications (32.7% vs. 14.3%, P=0.002), a higher incidence of clinically relevant pancreatic
fistula (27.6% vs. 13.3%, P=0.013), and prolonged LOS (21.06 d vs. 16.94 d, P=0.033), but lower median
intraoperative blood loss (200 vs. 300 mL, P<0.001) compared to OPD. Mean OT and LOS were
significantly shorter in the late phase of the learning curve for LPD (P<0.001), and were similar to that for
OPD. Age >60 years and a non-dilated MPD were significant predictors of clinically relevant pancreatic
fistula, major surgery-associated complications, prolonged LOS and postoperative mortality at 90 days (all
P<0.05).

Conclusions: OT, incidence of major surgery-associated complications, and LOS were significantly
increased in patients that underwent LPD, but were significantly improved during the learning curve. Elderly
patients and patients with a non-dialated MPD should not be treated with LPD performed by inexperienced

surgeons.
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Introduction

Globally, laparoscopic pancreaticoduodenectomy (LPD) is
gaining widespread acceptance among pancreatic surgeons (1).
However, LPD is technically challenging, requiring a long
learning curve and a proficient surgeon (2,3).

Several reports have compared the efficacy and safety
of LPD to open pancreaticoduodenectomy (OPD),
suggesting that the feasibility and safety of LPD remain
controversial (4). Two studies showed no significant
differences in the postoperative complication rate and
overall survival in patients treated with LPD compared
to OPD, but intraoperative blood loss, length of hospital
stay (LOS), and delayed gastric emptying were lower
in patients treated with LPD (5,6). A propensity score-
matched analysis that identified patients through the
pancreas-targeted American College of Surgeons National
Surgical Quality Improvement Program demonstrated
that the operative time (OT) was longer and the rate of
postoperative readmission was higher, but average LOS was
shorter and the postoperative infection rate was lower, in
patients treated with LPD compared to OPD; there were
no significant differences in the overall complication rate,
mortality, incidence of pancreatic fistula, or delayed gastric
emptying (7). A pan-European propensity score-matched
analysis found a higher incidence of postoperative clinically
relevant pancreatic fistula in patients treated with LPD
compared to OPD (8).

Some studies have considered the effect of the learning
curve for LPD on postoperative outcomes (2,5,7-12). A
study of patients identified from the US National Cancer
Database indicated that the 30-day mortality rate after LPD
was related to the volume of the surgery center, whereby
the mortality rate was higher at lower-volume centers
(<10 LPDs annually) (10). A multicenter study in China
showed that OT, estimated intraoperative blood loss, and
mortality in patients treated with LPD were associated
with the surgeon’s experience. The risk of surgical failure
was reduced by higher hospital, department, and surgeon
volume, and increased surgeon experience (12).

Although learning curves have been described, it is
currently unknown how much extra risk is associated
with the learning curve. To the authors’ knowledge, no
propensity score-matched analyses comparing the safety
and efficacy of LPD to OPD have considered the effect of
the learning curve for LPD (7,10,12-15). Therefore, the
objective of this study was to compare the safety and efficacy
of LPD during the learning curve to OPD using propensity
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score matching, and to compare the perioperative outcomes
of LPD and evaluate improvement across different phases of
the learning curve. Findings could inform patient selection
during the learning curve for LPD and improve surgical
safety. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-98).

Methods
Study design

This retrospective, cross-sectional study was performed
at the Fujian Provincial Hospital, which is affiliated to
Fujian Medical University, between September 2016 and
August 2019. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013), and the
protocol was approved by the institutional review board
at Fujian provincial hospital (ID: K2019-04-002). And
informed consent was taken from all the patients.

Inclusion criteria were (I) >18 years old; (II) a diagnosis
of a resectable malignant or borderline malignant carcinoma
of the pancreatic head (stage I and II pancreatic cancer),
distal common bile duct, or periampullary region according
to the National Comprehensive Cancer Network (NCCN)
Guidelines; and 3) treated with OPD or LPD.

Exclusion criteria were: (I) tumor size >10 cm that had
invaded adjacent organs and major vessels; (II) involvement
of the superior mesenteric vein (SMV) or portal vein (PV)
(>3 cm in length) detected on preoperative thin-slice (3 mm)
computed tomography (CT) and CT portal venography;
(IIT) treated with neoadjuvant chemoradiation therapy; (IV)
serious cardiopulmonary or hepatorenal insufficiency; or (V)
extensive intraperitoneal or extraperitoneal metastases.

Surgical procedures

In accordance with institutional practice guidelines, all
patients underwent routine hematology, biochemistry, and
oncology testing. Abdominal thin-slice (3 mm) CT was used
to identify the size and location of the lesions. All surgical
procedures were performed by an assigned surgical team led
by a board-certified attending general surgeon experienced
in both open and laparoscopic surgery.

Surgeries involved a standard pancreaticoduodenectomy
procedure, as previously described (16). Open surgery was
performed using a roof-shaped incision under the arcus
costarum, and laparoscopic surgery was performed using 5
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surgical trocars. All patients underwent a two-layered end-
to-side, duct-to-mucosa pancreaticojejunostomy.

Postoperative care

On postoperative Day 1 or 2, the nasogastric tube was
removed, and patients were frequently fed small amounts
of a low-fat soft, solid diet, if well tolerated. Plasma
glucose was closely monitored, and intravenous insulin
was administered for management of hyperglycemia. On
postoperative Day 5, the amylase concentration in the
peritoneal drainage fluid was measured, and the drain was
removed if there was no apparent pancreatic fistula.

Main outcome measures

Patients medical records were reviewed and the following
variables were recorded: patient characteristics, including
age, gender, body mass index (BMI), American Society
of Anesthesiologists (ASA) score, and presence of
comorbidities, such as diabetes mellitus, hypertension,
and cardiac and pulmonary disease; operative variables,
including conversion rate, OT, intraoperative blood loss,
and transfusion rate; postoperative variables including
incidence of pancreatic fistula and biliary fistula (17), overall
morbidity, mortality, time to resume out-of-bed activities,
and LOS; and pathological variables including histological
classification, tumor size, number of lymph nodes resected
and positive nodes, TNM stage, resection margin (the
common bile duct, SMVs, PV, pancreatic neck, and
uncinate process), pancreatic texture, and main pancreatic
duct (MPD) diameter.

Pancreatic fistula was diagnosed in accordance with the
International Study Group for Pancreatic Fistula (ISGPF)
criteria (18); a Grade B/C pancreatic fistula was considered
clinically relevant. Postoperative morbidities were assessed
using the Clavien-Dindo classification system; Clavien-
Dindo Grade >3 was considered a major complication.
MPD in LPD was assessed on a laparoscopic millimeter
scale.

Propensity score matching

Propensity score matching was used to minimize bias caused
by variables that could otherwise confound comparisons
between OPD and LPD. Outcomes of the matched samples
were directly compared to estimate the treatment effect.
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Calculation of propensity scores considered the following
covariates: age, gender, BMI, tumor location, pathology,
incidence of obstructive jaundice, incidence of biliary
drainage, pancreatic texture, pancreatic duct diameter,
previous abdominal surgery, comorbidities, and case
distribution of the surgical team. Patients treated with LPD
were matched 1:1 to those treated with OPD.

Statistical analysis

Statistical analyses were conducted with SPSS 23.0 (SPSS
Inc., Chicago, IL, USA). Continuous data are expressed as
mean + standard deviation (SD), mean + standard error of
the mean (SEM), or median (interquartile range, IQR), and
means were compared using the two independent samples
Student #-test. Categorical data were compared using the
%’ test or Fisher’s exact probability test. Non-normally
distributed variables were evaluated with the Mann-
Whitney U test. Univariate and multivariate analysis were
performed to identify risk factors for clinically relevant
pancreatic fistula, major surgery-associated complications,
prolonged LOS, and mortality. Results are expressed as odd
ratios (OR) with corresponding 95% Cls.

The learning curve for LPD was quantitatively assessed
using the cumulative sum (CUSUM) method, as previously
described (12). CUSUM learning curves for OT and
intraoperative blood loss were constructed, whereby
CUSUM = % i-w and Xi is the OT or intraoperative
blood loss for each patient, and u is the mean OT or
intraoperative blood loss of all patients. The Spearman rank
correlation coefficient (p) was used to determine whether
there was a significant downtrend in OT or intraoperative
blood loss. A P value <0.05 was considered statistically
significant.

Results
Patients’ baseline characteristics

This study included 296 unmatched patients. Of these,
113 patients underwent LPD and 183 patients underwent
OPD. After propensity score matching, 196 patients were
divided into two groups: 98 patients in the LPD group and
98 patients in the OPD group. Covariates were compared
between groups, before and after matching (7able I). Before
matching, there were imbalances in pancreatic texture and
MPD diameter, which are risk factors for pancreatic fistula,
and hypertension and hypoproteinemia. All imbalances
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Table 1 Baseline characteristics before and after propensity score matching

Original dataset 1:1 matched dataset
Variables
OPD LPD P OPD LPD P
Sample size 183 113 98 98
Age, mean + SD, year 58.9+11.4 58.5+12.7 0.763 59.09+11.5 57.47+13.0 0.355
Gender, n (%) 0.244 0.773
Male 104 (56.8) 59 (562.2) 56 (57.1) 54 (55.1)
Female 79 (43.2) 54 (47.8) 42 (42.9) 44 (44.9)
BMI, mean = SD, kg/m* 24.9+2.27 24.4+3.13 0.130 25.1+2.26 24.5+3.12 0.146
ASA class, n (%) 0.126 1.000
| 176 (96.2) 104 (92.0) 94 (95.9) 95 (96.9)
Il 7 (3.8) 9 (8.0 4(4.1) 3(3.1)
Diabetes, n (%) 30 (16.4) 12 (10.6) 0.167 12 (12.2) 10 (10.2) 0.651
Hypertension, n (%) 47 (25.7) 16 (14.2) 0.019 13 (13.3) 14 (14.3) 0.863
Hypoproteinemia, <3.0 g/L, n (%) 8 (4.4) 1(0.9) 0.016 1(1.0) 1(1.0) 1.000
Obstructive jaundice, n (%) 100 (54.6) 59 (562.2) 0.683 49 (50.0) 49 (50.0) 1.000
Pathology, n (%) 0.266 1.000
Benign 6 (3.3 3(2.7) 4(4.1) 3(3.1)
TO-T2, malignant 134 (73.2) 92 (81.4) 78 (79.6) 80 (81.6)
T3-T4, malignant 43 (28.5) 18 (15.9) 16 (16.3) 15 (15.3)
Biliary drainage, n (%) 55 (30.1) 37 (32.7) 0.627 30 (30.6) 31(31.6) 0.877
Previous abdominal surgery, n (%) 38 (20.8) 19 (16.8) 0.402 17 (17.3) 15 (15.3) 0.699
Tumor location, n (%) 0.934 0.691
Pancreas 68 (37.2) 47 (41.6) 37 (37.8) 42 (42.9)
Periampullary region 92 (50.3) 59 (52.2) 55 (56.1) 49 (50.0)
Common bile duct 23 (12.6) 76.2) 6 (6.1) 7(7.1)
Pancreatic texture, n (%) <0.001 1.000
Soft 172 (94.0) 90 (79.6) 88 (89.8) 88 (89.8)
Hard 11 (6.0) 23 (20.4) 10 (10.2) 10(10.2)
MPD diameter, mm, n (%) 0.010 0.761
<2 79 (43.2) 32 (28.3) 33(33.7) 31 (31.6)
>2 104 (56.8) 81 (71.7) 65 (66.3) 67 (68.4)

OPD, open pancreaticoduodenectomy; LPD, laparoscopic pancreaticoduodenectomy; BMI, body mass index; SD, standard deviation;
ASA, American Society of Anesthesiologists.
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were alleviated by matching.

Intraoperative outcomes

Intraoperative outcomes were compared between the
OPD and LPD matched groups (Table 2). Median OT was
significantly longer (median: 432 vs. 328 min, P<0.001)
but median blood loss was significantly lower (200 vs. 300
mL, P<0.001) in patients that underwent LPD compared
to those that underwent OPD. There was no significant
difference in the incidence of transfusions between groups.

Postoperative outcomes

Morbidity and recovery data for the OPD and LPD
matched groups are shown in (7zble 2). There was no
significant difference in overall morbidity or incidence
of pancreatic fistula between groups. The incidence of
Clavien-Dindo Grade III-IV complications (33.3% wvs.
15.8%, P=0.03), clinically relevant pancreatic fistula
(32.7% vs. 14.3%, P=0.002), and bleeding that required
invention, including drug treatment or digital subtraction
angiography (17.3% vs. 4.1%, P=0.005) was significantly
higher in patients that underwent LPD compared to those
that underwent OPD. However, there was no significant
difference in the incidence of bleeding that required
reoperation between groups, and the incidence of surgical
site infection was significantly lower in patients that
underwent LPD (3.1% wvs. 18.4%, P=0.001). There was no
significant difference in 90-day mortality between the two
groups.

Mean times to resume out-of-bed activities, bowel
movements, and oral intake of a low-fat soft, solid diet
were significantly shorter in patients that underwent LPD
compared to those that underwent OPD (all P<0.05). LOS
was significantly longer (21.06 vs. 16.94 days, P=0.033) and
the incidence of prolonged LOS (>30 d) was significantly
higher in patients that underwent LPD (31.6% wvs. 10.5%,
P=0.006). Mean LOS was significantly shorter for patients
with no or mild surgery-associated complications (P<0.001)
but significantly longer for patients with major surgery-
associated complications (P<0.001) in patients that
underwent LPD compared to those that underwent OPD
(Table 3).

Pathology

There were no significant differences in pathological
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variables in all patients included in the OPD and LPD
matched groups or among patients with pancreatic
adenocarcinoma (Table 2).

Multivariate logistic regression analysis

Univariate and multivariate analysis identifying risk factors
for clinically relevant pancreatic fistula, major surgery-
associated complications, prolonged LOS, and mortality
are shown in Table 4. Age >60 years, LPD, and a non-
dilated MPD were significant predictors of clinically
relevant pancreatic fistula and major surgery-associated
complications. Age >60 years and a non-dilated MPD
were significant predictors of postoperative mortality at
90 days (all P<0.05). On univariate analysis, age >60 years,
LPD, clinically relevant pancreatic fistula, major surgery-
associated complications, and a non-dilated MPD were
associated with prolonged LOS; however, multivariate
analysis identified major surgery-associated complications
and a non-dilated MPD as two significant predictor of
prolonged LOS (P<0.05).

Learning curve analysis

CUSUM-CT analyses for OT and blood loss are shown
in Figure 1 and Figure 2. For LPD, there were significant
improvements after 34 cases and 65 cases (Figure I).
There were significant dips in the learning curve for
OT (Figure 24, P<0.001) and intraoperative blood loss
(P<0.001; Figure 2B). The learning curve for OT appeared
to reach the lowest point, suggesting that our surgical teams
achieved competence in performing LPD.

Intraoperative and postoperative outcomes were
evaluated in patients across three phases of the learning
curve for LPD that were delineated by the 34th and 65th
case treated. There were no significant differences in the
baseline characteristics or pathology in patients treated
during the early, middle, or late phases of the learning curve
(1able 5). The last 48 patients (late phase) had significantly
shorter OT and LOS, lower blood loss, and lower incidence
of morbidity, major complications, pancreatic fistula and
conversion to laparotomy (all P<0.05), compared to patients
treated in the early and middle phases.

Patients treated with LPD and OPD in the late phase of
the learning curve were compared using propensity score
matching (Table 6). After matching, there were 43 patients
in each group. There were no differences in OT, LOS, and
incidence of morbidity, major complications, or clinical

Gland Surg 2020;9(4):985-999 | http://dx.doi.org/10.21037/gs-20-98



990

Table 2 Intra-and postoperative 90-day outcomes and pathology
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Variables OPD LPD P
Sample size 98 98
Operative blood loss, median (IQR), mL 300 [200-500] 200 [100-400] <0.001
OT, median (IQR), min 328 [284-391] 432 [330-493] <0.001
Blood transfusion, n (%) 10(10.2) 9(9.2 1.000
Morbidity, n (%) 36 (36.8) 42 (42.9) 0.381
Clavien-Dindo 3-5 (major), n (%) 14 (14.3) 32 (32.7) 0.002
Pancreatic fistula, n (%) 27 (27.6) 40 (40.8) 0.050
BL 14 (14.3) 13 (13.3) 0.836
B/C 13 (13.3) 27 (27.6) 0.013
Bile leakage, n (%) 4(4.1) 3(3.1) 1.000
Bleeding requiring intervention, n (%) 4(4.1) 17 (17.3) 0.005
Bleeding requiring reoperation, n (%) 3(3.1) 6 (6.1) 0.497
Abdominal infection, n (%) 11 (11.1) 20 (20.4) 0.073
Pulmonary infection, n (%) 16 (16.3) 10 (10.2) 0.206
Wound infection, n (%) 18 (18.4) 3(3.1) 0.001
Delayed gastric emptying, n (%) 8(8.2) 10 (10.2) 0.621
Oral intake, mean + SD, d 4.01+0.93 2.98+0.83 <0.001
Bowel movement, mean + SD, d 4.49+1.43 2.98+1.27 <0.001
Off-bed activities, mean + SD, d 4.63+2.05 3.04+1.48 <0.001
LOS, mean + SD, d 16.94+8.38 21.06+£17.07 0.033
Prolonged LOS (>30 d), n (%) 13 (13.3) 31 (31.6) 0.002
90-Day mortality, n (%) 6 (6.1) 7(7.1) 0.774
Pathology, n (%)
Pancreatic adenocarcinoma 32 (32.7) 20 (20.4) 0.052
Distal CBD adenocarcinoma 7(7.1) 9(9.2) 0.602
periampullary adenocarcinoma 38 (38.8) 45 (45.9) 0.312
IPMN 2 (2.0 6 (6.1) 0.297
SPT 2 (2.0 8(8.2) 0.100
Others 17 (17.3) 10(10.2) 0.147
Tumor size, cm, mean + SD 2.46+0.61 2.56+0.59 0.171
Lymph nodes resected, mean + SD 14.96+4.22 14.27+3.94 0.236
Microscopically positive (R1) margins, n (%) 1(1.0 2 (2.0) 1.000
Pancreatic adenocarcinoma n=32 n=20
Tumor size, cm, mean + SD 2.40+0.37 2.28+0.58 0.385
Lymph nodes resected, mean + SD 13.53+3.90 12.95+8.49 0.589

Table 2 (continued)
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Table 2 (continued)
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Variables OPD LPD P
Microscopically positive (R1) margins, n (%) 1(4.5) 2(10.0 0.598
Positive nodes, mean + SD 2.40+1.31 2.62+1.83 0.705
T stage, n (%)

T1 6(18.8) 4 (20.0) 1.000
T2 10 (31.3) 10 (50.0) 0.176
T3 16 (50.0) 6 (30.0) 0.156
LN (+), n (%) 19 (69.4) 8 (40.0) 0.174
AJCC stage, n (%)
IA 5(15.6) 4 (20.0) 0.719
IB 5(15.8) 7 (35.0) 0.107
A 3(9.4) 2 (10.0) 1.000
B 19 (59.4) 7 (35.0) 0.087

OPD, open pancreaticoduodenectomy; LPD, laparoscopic pancreaticoduodenectomy; OT, operative time; IQR, interquartile range; BL,
biochemical fistula; SD, standard deviation; LOS, Length of hospital stay; CBD, common bile duct; IPMN, intraductal papillary mucinous
neoplasm, SPT, solid pseudopapillary tumor, AJCC American Joint Committee on Cancer classification.

Table 3 LOS for patients with no or mild (Clavien-Dindo Grade I-II) or major (Clavien-Dindo Grade III-V) surgery-associated complications

Variables OPD LPD P
No or mild complications (Clavien-Dindo Grade I-Il), mean + SD, d 14.11+£4.00 10.04+3.90 <0.001
Major complications (Clavien-Dindo Grade IlI-V), mean + SD, d 35.46+5.16 44.87+7.21 <0.001

LOS, Length of hospital stay; OPD, open pancreaticoduodenectomy; LPD, laparoscopic pancreaticoduodenectomy; SD, standard

deviation.

pancreatic fistula between groups (all P>0.05).

Discussion

To the author’s knowledge, this is the first study to compare
the safety and efficacy of LPD during the learning curve to
OPD. Biases associated with patients clinical characteristics
were controlled for using the propensity score—matching
method. Based on the outcomes analyzed, CUSUM-CT
analysis revealed that the learning curve for LPD consisted
of 3 phases.

Matched analyses showed that OT, the incidence of
Clavien-Dindo Grade III-IV complications, clinically
relevant pancreatic fistula, bleeding that required invention,
and prolonged LOS (>30 d), and LOS for patients with
major surgery-associated complications were significantly
increased in patients that underwent LPD during the

© Gland Surgery. All rights reserved.

learning curve compared to those that underwent OPD.
These data indicate that there is a risk associated with LPD
during the learning curve. However, the risks that were
initially associated with LPD were significantly decreased
in the late phase of the learning curve. In addition,
intraoperative blood loss, the incidence of surgical site
infection, times to resume out-of-bed activities, bowel
movements, and oral intake of a low-fat soft, solid diet,
and LOS for patients with no or mild surgery-associated
complications were significantly lower in patients that
underwent LPD.

Previous studies have showed no increase in
postoperative complication and mortality rates in patients
that underwent LPD compared to OPD (7,19-21). Other
reports suggest that the postoperative complication and
mortality rates associated with LPD are increased in low-
volume centers where surgeons are less experienced in the
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Table 4 Univariate and multivariate analysis for complication

Univariate Multivariable
Variables
OR 95% Cl P OR 95% Cl P
Clinical pancreatic fistula (grade B/C)
Age >60y 217 1.05, 4.46 0.036 2.83 1.19,6.75 0.019
Female gender 0.82 0.4, 1.66 0.58
BMI >25 1.09 0.54, 2.21 0.808
Diabetes 0.85 0.27, 2.67 0.784
Previous abdominal surgery 1.97 0.65, 5.98 0.232
LPD 2.48 1.2,5.17 0.015 3.47 1.38, 8.71 0.008
Blood loss >200 mL 0.5 0.25, 1 0.051 0.77 0.32, 1.86 0.567
Soft pancreatic texture 2.48 0.55,11.15 0.237
Operative time >300 min 1.68 0.69, 4.09 0.253
MPD <2 mm 9.11 4.14,20.07 <0.001 11.28 4.71,27.06 <0.001
T3-T4, malignant 0.37 0.11,1.29 0.118
Major complications (Clavien-Dindo Grade llI-V)
Age >60y 3.32 1.62, 6.81 0.01 4.85 1.99, 11.79 <0.001
Female gender 0.87 0.45,1.7 0.688
BMI >25 0.94 0.53, 2.01 0.939
Diabetes 1.25 0.46, 3.42 0.656
Previous abdominal surgery 2.41 0.79, 7.27 0.119
LPD 2.91 1.44,5.89 0.003 41 1.61, 10.45 0.003
Blood loss >200 mL 0.56 0.29, 1.09 0.09
Soft pancreatic texture 6.53 0.85, 50.15 0.071
Operative time >300 min 2.59 1.02, 6.57 0.044 2.45 0.84,7.2 0.102
MPD <2 mm 5.61 2.76,11.38 <0.001 8.4 3.53, 20.01 <0.001
T3-T4, malignant 0.75 0.29, 1.96 0.557
90-day mortality
Age >60y 3.44 1.88, 6.29 <0.001 3.92 2.02,7.64 <0.001
Female gender 0.63 0.35,1.14 0.125
BMI >25 1.01 0.57,1.82 0.961
Diabetes 1.6 0.66, 3.89 0.302
Previous abdominal surgery 1.56 0.69, 3.5 0.283
LPD 1.29 0.73,2.29 0.382
Blood loss >200 mL 0.79 0.44,1.4 0.413
Soft pancreatic texture 1.26 0.48, 3.3 0.644
Operative time >300 min 1.44 0.73, 2.86 0.294

Table 4 (continued)
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Table 4 (continued)
Univariate Multivariable
Variables
OR 95% Cl P OR 95% Cl P

MPD <2 mm 5.09 2.68, 9.68 <0.001 5.72 2.87,11.4 <0.001
T3-T4, malignant 1.77 0.82, 3.83 0.146

Prolonged LOS >30 d
Age >60y 3.03 1.47,6.23 0.003 25 0.88,7.13 0.087
Female gender 0.76 0.38,1.5 0.427
BMI >25 1.13 0.58, 2.24 0.717
Diabetes 1.02 0.35,2.94 0.974
Previous abdominal surgery 2.26 0.75, 6.83 0.149
LPD 3.03 1.47,6.23 0.003 2.7 0.95,7.7 0.063
Blood loss >200 mL 0.71 0.36, 1.4 0.329
Soft pancreatic texture 2.82 0.63, 12.66 0.176
Operative time >300 min 2.42 0.95, 6.14 0.063 1.35 0.39, 4.67 0.634
Major complications 39.67 15.82,99.44 <0.001 24.22 7.93, 73.99 <0.001
Clincal Pancreatic Fistula 7.44 3.45, 16.06 <0.001 0.7 0.21,2.38 0.567
MPD <2 mm 5.64 2.75,11.57 <0.001 4.16 1.42,12.14 0.009
T3-T4, malignant 1.01 0.4, 2.53 0.985

Cl, confidence interval; OR, odds ratio; BMI, body mass index; LPD, laparoscopic pancreaticoduodenectomy; MPD, main pancreatic duct.
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Figure 1 Cumulative sum graph for operative time.

procedure (10,22-25). A recent multicentre, patient-blinded
randomized controlled trial comparing LPD with OPD
(LEOPARD-2) was prematurely stopped due to the high
rate of complication-related 90-day mortality in the LPD
group (26,27). Importantly, none of the inclusion criteria
for these aforementioned studies required surgeons to have

passed the learning curve for LPD, which had obvious

© Gland Surgery. All rights reserved.

implications for patient outcomes.

The learning curve for LPD has been investigated in
several studies. One retrospective study of LPD conducted
at a high-volume centre showed decreased OT from 9.8 h
for the first 33 patients to 6.6 h for the last 40 patients in
100 patients, but the learning curve analysis of this study
was not using CUSUM-CT method (28). Wang er al.
reported there were two peak points in their learning
curve assessed by the CUSUM method, which were
observed at the 11th and 31st cases; however, the sample
size of this study was small (3). A retrospective multicentre
study of LPD in China demonstrated the learning curve
had 3 phases, with proficiency thresholds at 40 and 104
cases; however, this study lacked a comparison of efficacy
between different phases, and had not compared LPD
and OPD data during the same period (12). Some other
studies used CUSUM analysis to find that the OT of
LPD decreased with experience are similar to this study
(2,29). Our study had two features distinguishing it from
previous reports. Firstly, we objectively determined
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Figure 2 learning curve for OT (A) and intraoperative blood loss (B). OT, operative time.

Table 5 Baseline characteristics and intra-and postoperative 90-day outcomes of patients treated with LPD stratified by 3 phases

Phase Early Middle Late P
Sample size 34 31 48
Age, mean £ SD, y 59.32+13.07 56.00+14.62 58.45+12.68 0.454
Gender, n (%) 0.120
Male 15 (44.1) 21 (67.7) 23 (47.9)
Female 19 (55.9) 10 (32.3) 25 (52.1)
BMI, mean = SD, kg/m* 24.91+2.07 24.87+2.79 23.72+3.82 0.145
ASA class, n (%) 0.094
| 34 (100.0) 28 (90.3) 42 (87.5)
I 0 (0.0) 3(9.7) 6 (12.5)
Diabetes, n (%) 5(14.7) 4(12.9) 3(6.3) 0.396
Hypertension, n (%) 4 (11.8) 6(19.4) 6 (12.5) 0.665
Hypoproteinemia, <30 g/L, n (%) 1(2.9 0 (0.0 0 (0.0) 0.578
Obstructive jaundice, n (%) 23 (67.6) 14 (45.2) 22 (45.8) 0.104
Pathology, n (%) 0.131
Benign 0(0.0) 0 (0.0 3(6.3)
TO-T2, malignant 25 (73.5) 27 (87.1) 40 (83.3)
T3-T4, malignant 9 (26.5) 4(12.9) 5(10.4)
Biliary drainage 8 (23.5) 13 (41.9) 16 (33.3) 0.285
Previous abdominal surgery, n (%) 7 (20.6) 4(12.9) 8(16.7) 0.733
Tumor location, n (%) 0.331
Pancreas 10 (29.4) 17 (54.8) 20 (41.7)
Periampullary region 21 (61.8) 13 (41.9) 25 (52.1)
Common bile duct 3(8.8) 1(3.2) 3(6.3)

Table 5 (continued)
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Table 5 (continued)
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Phase Early Middle Late P
Pancreatic texture, n (%) 0.617

Soft 28 (82.4) 23 (74.2) 39 (81.3)

Hard 6 (10.5) 8 (25.8) 9(18.8)
MPD diameter, mm, n (%) 0.837

<2 9 (26.5) 8 (25.8) 15 (31.3)

>2 25 (73.5) 23 (74.2) 33 (68.8)
Operative blood loss, median (IQR), mL 350 (275-600) 200 (100-300)" 200 (100-350)* <0.001
Operative time, median (IQR), min 470 (450-522) 440 (344-510) 335 (297-388)* <0.001
Morbidity, n (%) 16 (47.1) 18 (58.1) 12 (25.0)" 0.009
Major complication, n (%) 15 (44.1) 11 (35.5) 7 (14.6)"; 0.010
Pancreatic fistula, n (%) 16 (47.1) 16 (51.6) 11 (22.9* 0.016

BL 3(8.9) 7 (22.6) 5(10.4) 0.241

B/C 13(38.2) 9 (29.0) 6 (12.5) 0.024
Bile leakage, n (%) 2(5.9) 2 (6.5) 0 (0.0) 0.174
Pulmonary infection, n (%) 4(11.8) 4(12.9) 3(6.9) 0.564
Wound infection, n (%) 1(2.9 2 (6.5) 1@2.1) 0.692
Delayed gastric emptying, n (%) 4 (11.8) 4(12.9) 24.2) 0.259
Bleeding requiring intervention, n (%) 9 (26.5) 6(19.4) 2 (4.2 0.013
Bleeding requiring reoperation, n (%) 3(8.8) 2(6.5) 1(2.1) 0.423
Oral intake, mean + SD, d 2.56+0.61 2.42+0.56 2.81+1.05 0.099
Bowel movement, mean + SD, d 3.15+1.65 2.77+0.85 2.94+1.06 0.469
Off-bed activities, mean + SD, d 3.09+2.35 2.71+0.53 3.19+0.73 0.324
Conversion to laparotomy, n (%) 9 (26.5) 6 (19.4) 3 (6.3)" 0.034
LOS, mean + SD, d 24.68+17.11 21.71+£18.06 14.00+13.48* 0.009
LOS >30d 14 (41.2) 10 (32.3) 7 (14.6)"" 0.023
90-day mortality, n (%) 4(11.8) 2 (6.5) 1@2.1) 0.218

*, P<0.05 for Later vs. Early; . P<0.05 for Later vs. Middle; ™, P<0.05 for Early vs. Middle. SD, standard deviation; MPD, main pancreatic
duct; IQR, interquartile range; BL, biochemical fistula; LOS, Length of hospital stay.

improvement in intraoperative and postoperative outcomes
during the learning curve for LPD by a large sample
size. Findings confirmed that the learning curve for LPD
had 3 phases. There was a significant decline in the OT,
LOS, and incidence of postoperative complications or
clinically relevant pancreatic fistula across the three phases,
suggesting that improvement in surgical performance
over time has a beneficial effect on patient outcomes.

© Gland Surgery. All rights reserved.

Secondly, although overall effectiveness of LPD during
the learning curve was not as good as OPD, the efficacy
of LPD approached that of OPD in the later stages of the
learning curve for LPD. Our results raise concern about
the effectiveness of LPD performed by less experienced
surgeons in clinical practice, but should encourage them
to learn the procedure. It may be advantageous to shift
the learning curve from patient treatment to preclinical
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Table 6 Intra-and postoperative 90-day outcomes of patients treated with OPD and LPD in late phase of learning curve after propensity score

matching

Variables OPD LPD P
Sample size 43 43

Operative blood loss, median (IQR), mL 320 [270-360] 200 [100-200] 0.001
Operative time, median (IQR), min 300 [200-500] 335 [288-390] 0.158
Morbidity, n (%) 14 (32.6) 12 (27.9) 0.639
Major complication, n (%) 7(11.7) 6 (14.0) 0.763
Pancreatic fistula, n (%) 10 (23.3) 9(20.9) 0.795
BL 6 (14.0) 5(11.6) 0.747
B/C 4(9.3) 4(9.3) 1.000
Bile leakage, n (%) 0(0.0) 0 (0.0 1.000
Abdominal infection, n (%) 4(9.3) 7 (16.3) 0.518
Pulmonary infection, n (%) 7 (16.3) 4 (11.0) 0.520
Delayed gastric emptying, n (%) 5(10.4) 4(8.3) 1.000
Bleeding requiring intervention, n (%) 1(2.3) 2 (4.7) 1.000
Bleeding requiring reoperation, n (%) 0 (0.0) 1(2.3 1.000
LOS, mean + SD, d 17.54+9.41 15.88+14.32 0.504
LOS >30d 4(9.3) 6 (14.0) 0.501
90-Day mortality, n (%) 2 (4.7) 1.3 0.218

OPD, open pancreaticoduodenectomy; LPD, laparoscopic pancreaticoduodenectomy; IQR, interquartile range; BL, biochemical fistula;

LOS, Length of hospital stay.

simulation training that encompasses early stage and more
advanced pancreatic cancer cases (26).

Surgery-associated complications and LOS are important
factors for evaluating the effectiveness of LPD. Although
there was no difference in overall morbidity in patients
that underwent OPD or LPD during the learning curve,
LPD during the learning curve was associated with a
higher incidence of major complications. LOS was longer
in patients that underwent LPD during the learning curve,
which is not consistent with previous reports (7,8,12,14,30).
Further, the incidence of prolonged LOS (>30 d) was
significantly increased in patients that underwent LPD
during the learning curve. Multivariate analysis identified
major surgery-associated complications as a significant
predictor of prolonged LOS. Interestingly, we found
LOS for patients with no or mild surgery-associated
complications was significantly decreased in patients that
underwent LPD during the learning curve, suggesting LPD
during the learning curve may be effective in a carefully

© Gland Surgery. All rights reserved.

selected patient population.

The incidence of clinically relevant pancreatic fistula
and bleeding that required invention were significantly
increased in patients that underwent LPD during the
learning curve compared to those that underwent OPD;
however, there was no significant difference in the
incidence of bleeding that required reoperation between
groups. Age >60 years, LPD, and a non-dilated MPD were
significant predictors of clinically relevant pancreatic fistula.
Pancreatic texture has also been associated with pancreatic
fistula (31-33), but this was not identified as a risk factor
in the present study, possibly due to our small sample
size. Pancreaticojejunostomy is a critical step in the LPD
procedure, and skill in suturing techniques has an important
influence on the incidence of pancreatic fistula. Suturing
is technically challenging during laparoscopic surgery, as
visibility is limited. Surgeons may lack advanced suturing
techniques in the early phase of their learning curve for
LPD, contributing to a high incidence of clinically relevant
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pancreatic fistula. Although there are many approaches to
laparoscopic pancreaticojejunostomy (34-36), the optimal
method remains to be elucidated.

In the present study, there was no significant difference
in 90-day mortality in patients that underwent LPD during
the learning curve or OPD. Age >60 years and a non-dilated
MPD were significant predictors of postoperative 90-day
mortality. Taken together, our data suggest that elderly
patients and patients with a non-dilated MPD should not
be treated by LPD performed by surgeons operating during
their learning curves, especially in the early phase.

Consistent with previous studies (7,12,13,30), the
incidence of surgical site infection, times to resume out-
of-bed activities, bowel movements, and oral intake of
a low-fat soft, solid diet, were significantly decreased in
patients that underwent LPD during the learning curve
compared to those that underwent OPD. These benefits
are likely associated with the need for a smaller incision
during laparoscopic surgery, which reduces postoperative
pain. Further, intraoperative blood loss was significantly
lower in patients that underwent LPD during the learning
curve compared to those that underwent OPD, which is
in accordance with other studies (4,7,12,20). This may be
related to magnification of visual scale during laparoscopic
surgery, which allows visual enhancement of vascular
structures.

Data from this study raise awareness of the need to
ensure safety and improve the effectiveness of LPD during
the learning curve, and provides guidance for centres
introducing LPD to manage cancers of the pancreas.
However, this study was associated with several limitations.
First, there were limitations inherent to any retrospective
non-randomized study. Although we used propensity
score matching to minimize bias, there were still unknown
confounders that might have affected outcomes. Second,
our study was a single-center study, while previous research
has been conducted at multiple sites (12); but our results are
relevant for high-volume centers (24,25).

Conclusions

Findings from this study showed that OT, incidence of
major surgery-associated complications, and LOS were
significantly increased in patients that underwent LPD
during the learning curve compared to those that underwent
OPD. These outcomes improved and approached those
achieved with OPD in the later stages of the learning curve

© Gland Surgery. All rights reserved.
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for LPD. We propose that elderly patients and patients
with a non-dilated MPD should not be treated by LPD

performed by inexperienced surgeons.
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