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Background: Textbook outcome (TO) is a composite outcome measure for surgical quality assessment. The aim of this study was
to assess TO following laparoscopic pancreaticoduodenectomy (LPD), identify factors independently associated with achieving TO,
and analyze hospital variations regarding the TO after case-mix adjustment.
Methods: This multicenter cohort study retrospectively analyzed 1029 consecutive patients undergoing LPD at 16 high-volume pancreatic
centers in China from January 2010 to August 2016. The percentage of patients achieving TOwas calculated. Preoperative and intraoperative
variableswere compared between the TOand non-TOgroups.Multivariate logistic regressionwas performed to identify factors independently
associated with achieving TO. Hospital variations regarding the TO were analyzed by the observed/expected TO ratio after case-mix
adjustment. Differences in expected TO rates between different types of hospitals were analyzed using the one-way analysis of variance test.
Results: TO was achieved in 68.9% (n=709) of 1029 patients undergoing LPD, ranging from 46.4 to 85.0% between different hospitals.
Dilated pancreatic duct (>3mm) was associated with the increased probability of achieving TO [odds ratio (OR): 1.564; P=0.001], whereas
advanced age (≥75 years) and concomitant cardiovascular disease were associated with a lower likelihood of achieving TO (OR: 0.545;
P=0.037 and OR: 0.614; P=0.006, respectively). The observed/expected TO ratio varied from 0.62 to 1.22 after case-mix adjustment
between different hospitals, but no significant hospital variations were observed. Hospital volume, the surgeon’s experience with open
pancreaticoduodenectomy andminimally invasive surgery, and surpassing the LPD learning curve were significantly correlated with expected
TO rates.
Conclusion: TO was achieved by less than 70% of patients following LPD. Dilated pancreatic ducts, advanced age, and concomitant
cardiovascular disease were independently associated with achieving TO. No significant hospital variations were observed after case-mix
adjustment.
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Introduction

Laparoscopic pancreaticoduodenectomy (LPD) remains one of
the most complex and technically challenging procedures in
pancreatic surgery, although LPD has developed rapidly world-
wide in recent years[1–5]. Traditionally, quality assessment of LPD
has mainly focused on individual outcome measures such as
morbidity, mortality, operative time, operative blood transfu-
sion, readmission rates, and length of hospital stay (LOS)[6–10].

However, individual outcome parameters do not reflect the
multiple facets of the whole surgical procedure and do not mea-
sure actual variations among different hospitals[10–15]. In this
context, several outcome experts have suggested that composite
measures of surgical quality may be better than individual out-
come parameters to compare hospital performance[7,16–21].
Textbook outcome (TO) is a composite outcome measure of
multiple desirable outcome metrics that was first proposed in
2013 by Dutch colorectal surgeons in order to give a compre-
hensive summary of hospital performance[22]. TO is realized
when all of the desired outcome parameters are achieved fol-
lowing surgery and represents the optimal (‘textbook’)
hospitalization.

Different surgical specialties adopted different TO definitions.
In 2020, van Roessel et al.[23] proposed a TO definition in pan-
creatic surgery based on an international expert consensus.
Although several studies on TO in pancreatic surgery have been
reported, relevant data on LPD are lacking[10,23–29]. The objective
of this study was to assess TO among patients undergoing LPD,
identify factors independently associated with achieving TO, and
analyze hospital variations regarding the TO after case-mix
adjustment.

Methods

Study design

This cohort study was a secondary analysis of the multicenter
retrospective analysis study, which included 1029 consecutive
patients from 16 high-volume pancreatic centers (>60 pancrea-
ticoduodenectomies per year) in China[30]. All patients under-
going LPD for malignant or benign lesions from January 2010 to
August 2016 were enrolled in this study. The inclusion and
exclusion criteria were as previously described[30]. Given the
retrospective nature of this study, the need for informed consent
was waived according to Chinese legislation. This study was
registered at ClinicalTrials (NCT05616403). This work has been
reported in accordance with the STROCSS criteria[31],
Supplemental Digital Content 1, http://links.lww.com/JS9/A91.

Surgical procedure

Patients were placed in the supine position with the legs sepa-
rated. Under general anesthesia, five trocars were placed in a V
shape. After the initial exploration of the abdominal cavity to rule
out any metastasis, the gallbladder was resected and set aside.
The Kocher maneuver was performed, and then the distal sto-
mach was transected with an endostapler. Lymph node station 8
was dissected after the common hepatic arteries were identified
and suspended. The gastroduodenal artery and the right gastric
artery were ligated and transected. Lymph nodes in the hepato-
duodenal ligament were dissected, and then the common hepatic
duct was transected for anastomosis. A tunnel was dissected

posterior to the pancreatic neck and anterior to the superior
mesenteric vein and portal vein. The pancreas was transected
with ultrasonic shears, and the pancreatic duct was carefully
transected with scissors. The jejunum was transected ~15 cm
from the ligament of Treitz with an endostapler. The uncinate
process was dissected by handling the branches of the superior
mesenteric vessels after retracting the jejunum and duodenum to
the right side of the mesenteric root.

The pancreatic stump remnant was dissected to ~0.5 cm (no
more than 1.0 cm) in length, and careful hemostasis was per-
formed with the absorbable sutures or ultrasonic shears. The
jejunal limb was brought up to the right of the middle colic vessels
in a retrocolic manner, and the blind end was placed near the
pancreatic remnant. A pancreaticojejunostomy was performed
with different pancreatic anastomosis techniques according to the
surgeon’s preference, including duct-to-mucosa pancreaticojeju-
nostomy, end-to-end invagination pancreaticojejunostomy, and
imbedding end-to-side pancreaticojejunostomy[30]. Subsequently,
an end-to-side hepaticojejunostomy was performed with either
continuous or interrupted sutures ~10 cm distal to the pancreatic
anastomosis. An antecolic side-to-side gastroenterostomy was
performed with the staple technique ~40 cm distal to the biliary
anastomosis, and two layers of continuous sutures were used to
close the gastric stump. Two drainage catheters were routinely
positioned near the pancreatojejunostomy and the hepaticojeju-
nostomy. The resected specimen was extracted through an upper-
middle incision, which was subsequently closed in layers with the
closure of the trocars.

Variables and definitions of TO

Case-mix factors were patient and tumor characteristics. The
surgeon-level and hospital-level factors included hospital volume
(beds), center volume (cases/year), surgeon’s experience with
open pancreaticoduodenectomy (OPD) (cumulative cases), the
surgeon’s experience with minimally invasive surgery (MIS)
(cumulative cases), and the LPD learning curve (cases), defined as
previously reported[30]. The MIS concerned laparoscopic hepa-
tectomy, splenectomy, gastrointestinal surgery, and distal pan-
createctomy. The postoperative complications were graded into
mild complications (I–II) and severe complications (≥ III)
according to the Clavien–Dindo classification of surgical

HIGHLIGHTS

• Textbook outcome (TO) was achieved in 68.9% (n=709)
of 1029 patients undergoing laparoscopic pancreaticoduo-
denectomy (LPD), ranging from 46.4 to 85.0% between
different hospitals.

• Dilated pancreatic duct (>3 mm), advanced age
(≥75 years) and concomitant cardiovascular disease were
independently associated with achieving TO
following LPD.

• The observed/expected TO ratio varied from 0.62 to 1.22
after case-mix adjustment between different hospitals, but
no significant hospital variations were observed.
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surpassing the LPD learning curve were significantly
correlated with expected TO rates.
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complications[32]. Specific complications related to pancreatic
surgery, such as postoperative pancreatic fistula (POPF), post-
pancreatectomy hemorrhage (PPH), and bile leakage, were
defined by the International Study Group on Pancreatic Surgery
(ISGPS) or International Study Group of Liver Surgery (ISGLS)
definition[33–35]. TO was defined as the absence of POPF, PPH,
bile leakage (all ISGPS or ISGLS grades B/C), severe complications
(Clavien–Dindo grade ≥ III), in-hospital or 30-day mortality, and
readmission within 30 days after discharge, as previously reported
by van Roessel et al.[23]. A TO was realized when all six para-
meters were achieved. A subanalysis was conducted using an
extended definition (TO+ ) by adding no prolonged LOS, defined
as LOS <75th percentile [10,23,36].

Statistical analysis

The percentage of patients achieving TO was calculated.
Preoperative and intraoperative variables were compared
between the non-TO group and the TO group. Continuous data
following normal distribution are presented as mean with SD and
analyzed using independent samples t-test. Non-normally dis-
tributed continuous variables are expressed as medians with
interquartile ranges and were compared using the Mann–
Whitney U or Kruskal–Wallis test, as appropriate. Categorical
variables are presented as numbers and percentages and are
evaluated using Pearson’s χ2 or Fisher’s exact test, as appropriate.
The factors associated with achieving TO were evaluated by
univariate and multivariate logistic regression with odds ratios
(OR) and 95% CI. Variables with a P value less than 0.1 on
univariate analysis were entered into multivariate analysis.

Patient and tumor characteristics may largely affect hospital
TO rates. Therefore, a case-mix adjustment should be performed
before assessing the hospital’s performance on TO rates. Case-
mix adjustment was performed with multivariable logistic
regression model using all available case-mix factors in order to
analyze hospital variations in TO[22,23,37]. All available case-mix
factors were variables with a P value less than 0.1 on univariate
logistic analysis and were included in multivariable logistic
regression model. Patients’ predicted probability of achieving TO
was estimated from the multivariable logistic regression model
mentioned above. The observed TO rate was the proportion of
patients who achieved TO in a hospital, and the expected TO rate
was the mean of all patients’ predicted probabilities for achieving
TO in a hospital. Hospital performances were analyzed by cal-
culating the observed/expected (O/E) TO ratio per hospital and
showing it in funnel plots with 95% CIs. Hospitals with an O/E
TO ratio higher than 1 have better performance than average.
Hospitals with an O/E TO ratio lower than 1 represent worse
performance than the average. Differences in expected TO rates
between different types of hospitals were analyzed using the one-
way analysis of variance test. All statistical analyses were con-
ducted using the Statistical Package for the Social Sciences (SPSS)
version 25 and R Foundation Statistical software (version 4.2.1).
The P value less than 0.05 was considered statistically significant.

Results

Baseline characteristics

Among the 1029 consecutive patients who underwent LPD, TO
was achieved in 709 patients (68.9%). Results for the six

individual outcome metrics were displayed in Figure 1. The
outcome metric least frequently realized was ‘no Clavien–Dindo
grade ≥ III complications’ (82.4%), followed by ‘no PPH’ rea-
lized in 87.6%, while the most frequently realized was ‘no mor-
tality’ (97.6%). Baseline characteristics of patients with or
without achieving TO were presented in Table 1 and
Supplementary Table, Supplemental Digital Content 2, http://
links.lww.com/JS9/A92. Significant differences in concomitant
cardiovascular disease, concomitant chronic pancreatitis, kind of
pancreatic anastomosis, pylorus-preserving, removal of the
nasogastric tube during operation, and dilated pancreatic duct
(>3 mm) were observed between the non-TO group and TO
group (all P<0.05). There were no significant differences in sex,
age, BMI, symptom, total bilirubin after preoperative biliary
drainage, kind of preoperative biliary drainage, neoadjuvant
chemotherapy, American Society of Anesthesiologists score,
estimated blood loss, texture of the pancreas, tumor size, number
of lymph nodes, and pathological outcomes between the two
groups (all P> 0.05). The patients in non-TO group had a longer
time of pancreatic anastomosis, a longer time of biliary anasto-
mosis, and a longer length of postoperative hospital stays com-
pared with the TO group (all P<0.05).

TO

The unadjusted TO percentages varied from 46.4 to 85.0%
between different hospitals performing LPD. The unadjusted TO
percentages were significantly lower with decreasing center
volume (cases/year), from 74.7% in centers performing more
than 50 cases/year to 69.9% in centers performing 20–50 cases/
year and 63.0% in centers performing fewer than 20 cases/year
(P= 0.020). When six individual metrics of TO were stratified by
center volume, percentages of ‘no mortality’ were significantly
lower in centers performing fewer than 20 cases/year compared
with 20–50 cases/year and more than 50 cases/year (P=0.019).
In addition, percentages of ‘no POPF’ were significantly lower in

Figure 1. Textbook outcome: a composite measure of outcome parameters
after laparoscopic pancreaticoduodenectomy in entire cohort. POPF, post-
operative pancreatic fistula; PPH, postpancreatectomy hemorrhage.
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centers performing fewer than 20 cases/year compared with
20–50 cases/year andmore than 50 cases/year (P= 0.002), but no
significant differences between 20 and 50 cases/year and more
than 50 cases/year. No significant differences were observed in
the other four individual metrics (no PPH, no bile leakage, no
readmission, and no Clavien–Dindo ≥ III) of TO stratified by
center volume (Fig. 2).

When using the extended definition (TO+ ) by adding ‘no pro-
longed LOS’, the unadjusted TO+ percentages decreased from
68.9 to 56.0%, varying from 25.0 to 84.2% between different

hospitals. The outcome parameter that was least frequently realized
was ‘no prolonged LOS’ (76.6%) instead of ‘no Clavien–Dindo
grade ≥ III complications’ (82.4%) by using the TO+ definition.

Factors associated with TO

On univariate andmultivariate analysis, a dilated pancreatic duct
(>3 mm) was independently associated with achieving TO
among patients undergoing LPD, whereas factors independently
associated with not achieving TOwere advanced age (≥ 75 years)
and concomitant cardiovascular disease (Table 2). Specifically,
patients with cardiovascular disease had a lower likelihood of
achieving TO (OR: 0.614, 95% CI: 0.434–0.867; P= 0.006). In
addition, patients with age 75 years and older had decreased odds
of achieving TO (OR: 0.545, 95% CI: 0.307–0.965; P=0.037).
Notably, a dilated pancreatic duct (>3 mm) was associated with
an increased probability of achieving TO (OR: 1.564, 95% CI:
1.189–2.058; P= 0.001).

Hospital variations

As shown in Table 2, all available case-mix factors were included
in the multivariable logistic regression model, including age, total
bilirubin after preoperative biliary drainage, concomitant cardi-
ovascular disease, concomitant chronic pancreatitis, concomitant
hepatitis, kind of pancreatic anastomosis, pylorus-preserving,
removal of a nasogastric tube during the operation, estimated
blood loss, pancreatic duct diameter, and number of lymph
nodes. The mean expected TO rate was 69.4% (95% CI:
66.5–72.2%), ranging from 59.4 to 80.4% and the meanO/E TO
ratio was 0.96 (95% CI: 0.88–1.04), varying from 0.62 to 1.22
after case-mix adjustment between different hospitals. As shown
in Figure 3, there were no hospitals with a significantly higher or
lower O/E TO ratio compared with the mean (all hospitals within
95% CI). Hospitals with higher center volume might be more
likely to have better performance (O/E TO ratio > 1), but no
significant variations were observed between the hospitals for
achieving TO following LPD.

The differences in expected TO rates between different types of
hospitals were further explored, as presented in Table 3. The
mean expected TO rates in the high-hospital volume group
(>4000 beds) and medium-hospital volume group (2800–4000
beds) were significantly higher than those in the low-hospital
volume group (<2800 beds), although there were no differences
in the observed TO rates (mean expected TO rate of 71.3 vs.
67.8%, P=0.018 and 69.7 vs. 67.8%, P=0.047, respectively).
Themean expected TO rates in high-OPD volume group (>1000
cases) were significantly higher than medium-OPD volume group
(200–1000 cases) and low-OPD volume group (< 200 cases), and
significant differences were also found in mean observed TO rates
between high-OPD volume group and low-OPD volume group
(mean expected TO rate, 76.1 vs. 67.9%, P< 0.001 and 76.1 vs.
66.2%, P<0.001, respectively; mean observed TO rate, 75.4 vs.
64.5%, P= 0.008). The mean expected TO rates in high-MIS
volume group (> 500 cases) and medium-MIS volume group
(100–500 cases) were significantly higher than low-MIS volume
group (<100 cases), although there were no differences in
observed TO rates (mean expected TO rate, 70.5 vs. 61.4%,
P< 0.001 and 68.7 vs. 61.4%, P< 0.001, respectively). Themean
expected TO rates in LPD learning curve phase 3 group (>104
cases) and LPD learning curve phase 2 group (41–104 cases) were
significantly higher than LPD learning curve phase 1 group (< 41

Table 1
Baseline characteristics of patients with or without achieving
textbook outcomes after laparoscopic pancreaticoduodenectomy

Variables

Textbook
Outcome Group
(n= 709) [n (%)]

Nontextbook
Outcome Group
(n= 320) [n (%)] P value

Sex (male/female) 402 (56.7%)/307
(43.3%)

169 (52.8%)/151
(47.2%)

0.245

Age (years) 59 [50, 65] 59 [50, 67] 0.448
BMI (kg/m2) 21.7 [19.7, 23.8] 22.0 [19.8, 24.2] 0.307
ASA score 0.384
I–II 606 (85.5) 280 (86.1)
III–IV 103 (14.5) 40 (13.9)

TBIL (μmol/l) 55.0 [13.3, 163.7] 71.1 [14.6, 267.8] 0.417
Comorbidity
Cardiovascular disease 110 (15.5) 78 (24.4) 0.001
Diabetes mellitus 81 (11.4) 40 (12.5) 0.620
Chronic pancreatitis 41 (5.8) 8 (2.5) 0.022
Hepatitis 23 (3.2) 18 (5.6) 0.071

Pylorus-preserving LPD 154 (21.7) 46 (14.4) 0.006
Operative time (minutes) 445 [385, 540] 480 [384.5, 557] 0.052
Resection 334 [280, 414] 350.5 [271, 438.5] 0.180

Reconstruction 109 [91, 126] 114 [91.5, 134] 0.052
Pancreatic anastomosis 45 [38, 54] 46 [40, 55] 0.003
Biliary anastomosis 29 [23, 37] 31 [25, 40] 0.003
Gastrointestinal
anastomosis

32 [25, 41] 30 [24, 40] 0.702

Pancreatic anastomosis 0.029
Duct-to-mucosa 518 (73.1) 211 (65.9)
End-to-end (invaginated) 31 (4.4) 12 (3.8)

Modified end-to-side
(imbedding)

160 (22.6) 97 (30.3)

Removal of NGT during
operation

252 (35.5) 149 (46.6) 0.001

Estimated blood loss (ml) 200 [100, 300] 200 [100, 400] 0.581
Number of transfusion 148 (20.9) 70 (21.9) 0.724
Transfusion (ml) 450 [400, 800] 650 [400, 900] 0.063
Dilated pancreatic duct
(> 3 mm)

387 (54.6) 139 (43.4) 0.001

Texture of pancreas 0.112
Hard 310 (43.7) 123 (38.4)
Soft 399 (56.3) 197 (61.6)

Pathological outcomes 0.977
Benign 149 (21.0) 67 (20.9)
Malignant 560 (79.0) 253 (79.1)

Tumor size (cm) 2.1 [1.5, 3.0] 2.4 [1.5, 3.0] 0.611
Number of lymph nodes 11 [6, 15] 11 [6, 14] 0.358
Postoperative hospital stays
(days)

17 [12, 22] 19 [14, 30] < 0.001

ASA, American Society of Anesthesiologists; LPD, laparoscopic pancreaticoduodenectomy; NGT,
nasogastric tube; TBIL, total bilirubin.
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cases), and significant differences were also found in mean
observed TO rates between phase 3 and phase 1 groups (mean
expected TO rate, 70.3 vs. 67.4%, P= 0.009 and 69.8 vs. 67.4%,
P= 0.022, respectively; mean observed TO rate, 72.4 vs. 61.7%,
P= 0.006). No differences were observed in mean expected TO
rates between different center volume (cases/year) groups, despite
significant differences being found in mean observed TO rates
(mean expected TO rate, P= 0.384; mean observed TO rate,
P= 0.020).

Discussion

This study was the first to assess TO among patients undergoing
LPD. The TO definition in this study adopted an international
expert consensus-based definition for pancreatic surgery pre-
viously reported in 2020 by van Roessel et al.[23]. Adopting this
TO definition, TOwas achieved in 68.9% of patients undergoing
LPD. Of note, the outcome metric of ‘no Clavien–Dindo grade
≥ III complications’ was the major obstacle to achieving TO for

Figure 2. Textbook outcome: a composite measure of outcome parameters after laparoscopic pancreaticoduodenectomy stratified by center volume. POPF,
postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage.

Table 2
Univariate and multivariable logistic regression analysis of factors associated with textbook outcomes after laparoscopic
pancreaticoduodenectomy.

Univariate analysis Multivariate analysis

Patient variables OR (95% CI) P value OR (95% CI) P value

Age (≤ 65 years) Ref Ref
66–74 0.816 (0.586–1.139) 0.232 0.891 (0.627–1.265) 0.518
≥ 75 0.535 (0.310–0.922) 0.024 0.545 (0.307–0.965) 0.037

Sex (female) 0.855 (0.656–1.114) 0.246
BMI (18.5–24 kg/m2) Ref

< 18.5 0.994 (0.670–1.477) 0.978
> 24 0.805 (0.589–1.100) 0.174

ASA score (III–IV) 1.190 (0.804–1.760) 0.385
TBIL (> 51.3 μmol/l) 0.792 (0.607–1.033) 0.086 0.793 (0.601–1.046) 0.100
Comorbidity

Cardiovascular disease 0.570 (0.411–0.790) 0.001 0.614 (0.434–0.867) 0.006
Chronic pancreatitis 2.394 (1.109–5.167) 0.026 2.049 (0.929–4.519) 0.075
Hepatitis 0.563 (0.299–1.058) 0.074 0.613 (0.314–1.195) 0.151

Pancreatic anastomosis (invagination) 0.714 (0.537–0.949) 0.020 0.737 (0.510–1.064) 0.103
Pylorus-preserving LPD 1.653 (1.153–2.368) 0.006 1.117 (0.744–1.679) 0.593
Time of pancreatic anastomosis (≥ 40 min) 0.579 (0.420–0.798) 0.001 0.712 (0.495–1.025) 0.068
Time of biliary anastomosis (> 30 min) 0.655 (0.502–0.854) 0.002 0.764 (0.571–1.022) 0.070
Removal of NGT during operation 0.633 (0.484–0.827) 0.001 0.826 (0.582–1.174) 0.288
Estimated blood loss (≥ 400 ml) 0.748 (0.550–1.017) 0.064 0.855 (0.616–1.188) 0.351
Dilated pancreatic duct (> 3 mm) 1.565 (1.200–2.042) 0.001 1.564 (1.189–2.058) 0.001
Texture of pancreas (soft) 0.804 (0.614–1.052) 0.112
Pathological outcomes (malignant) 1.045 (0.772–1.413) 0.777
Number of lymph nodes (> 14) 1.306 (0.961–1.776) 0.088 1.301 (0.942–1.796) 0.110

ASA, American Society of Anesthesiologists; LPD, laparoscopic pancreaticoduodenectomy; NGT, nasogastric tube; OR, odds ratio; TBIL, total bilirubin.
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patients following LPD compared with other outcome metrics.
Patients without achieving TO had longer LOS compared with
achieving TO. However, this TO definition in pancreatic surgery
did not include the parameter: ‘no prolonged LOS’, which was
included in other surgical procedures[11,13,22,38–41]. LOS is an
important metric in the quality assessment of surgical procedures
and closely related to postoperative complications[1,36,40]. When

using the TO+ definition by adding ‘no prolonged LOS’, the TO
rates decreased significantly, and the main limiting outcome
metric shifted from ‘no Clavien–Dindo grade ≥ III complications’
to ‘no prolonged LOS’. These results indicated that the quality
assessment of LPD was multidimensional, and the individual
outcome parameter did not reflect the multiple facets of the whole
surgical procedure. A composite outcome measure containing

Table 3
Hospital variations in expected textbook outcome rate after laparoscopic pancreaticoduodenectomy.

Variables Mean Expected TO Rate (%) P Value Mean Observed TO Rate (%) P Value Observed/Expected TO Ratio 95% CI

Hospital volume (beds) 0.005 0.139
< 2800 A, C 67.8 A: 0.047 61.8 0.91 0.79–1.03
2800–4000 A, B 69.7 B: 0.710 68.0 0.98 0.92–1.03
> 4000 B, C 71.3 C: 0.018 71.2 1.00 0.97–1.03

OPD volume (cases) < 0.001 0.028
< 200 D, F 66.2 D: 0.076 64.5 D: 0.120 0.97 0.91–1.03
200–1000 D, E 67.9 E: <0.001 69.4 E: 0.132 1.02 0.98–1.07
> 1000 E, F 76.1 F: <0.001 75.4 F: 0.008* 0.99 0.93–1.05

Minimally invasive surgery (cases) < 0.001 0.142
< 100 G, I 61.4 G: <0.001 69.6 1.13 1.06–1.20
100–500 G, H 68.7 H: 0.094 67.0 0.98 0.94–1.01
> 500 H, I 70.5 I: <0.001 74.0 1.05 0.98–1.12

Center volume (cases/year) 0.384 0.020
< 20 J, L 69.1 63.0 J: 0.042 0.91 0.83–0.98
20–50 J, K 68.4 69.9 K: 0.212 1.02 0.99–1.06
> 50 K, L 69.5 74.7 L: 0.008* 1.08 1.01–1.15

Learning curve (cases) 0.003 0.017
< 40 M, O 67.4 M: 0.022 61.7 M: 0.025 0.92 0.84–0.99
40–104 M, N 69.8 N: > 0.999 70.1 N: 0.490 1.00 0.96–1.05
> 104 N, O 70.3 O: 0.009 72.4 O: 0.006* 1.03 0.99–1.07

OPD, open pancreaticoduodenectomy; TO, Textbook outcome.
*Multiple comparison: P< 0.0167 was considered statistically significant.

Figure 3. Funnel plot of hospital variations in observed/expected textbook outcome ratio.
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multiple individual outcome metrics should be used to assess
surgical quality.

Several factors were identified to be independently associated
with achieving TO among patients undergoing LPD. On multi-
variate analysis, dilated pancreatic duct (> 3 mm) was predictive
for achieving a better TO rate. Previous studies had demonstrated
that small pancreatic duct diameter (<3 mm) was strongly
associated with POPF, which was the outcome parameter of TO
in LPD[23,42–45]. Our result was consistent with finding in pre-
vious studies. This study showed that advanced age (≥75 years)
and concomitant cardiovascular disease would decrease the
probability of achieving TO after LPD. That was because elderly
patients suffered more frequently from postoperative complica-
tions and mortality after pancreaticoduodenectomy compared
with young patients[3,46–48]. Patients with cardiovascular disease
had an increased risk of heart failure and major surgical com-
plications following pancreaticoduodenectomy[49–53]. Elderly
patients were more likely to suffer from cardiovascular disease,
which was also found in this study. When selecting suitable
patients for LPD, the identified factors may be taken into con-
sideration to plan surgical strategies and adjust the interventions.

After case-mix adjustment, no significant hospital variations
were observed, despite the O/E TO ratio varying from 0.62 to
1.22. The expected TO rates were higher in high-volume hospi-
tals and medium-volume hospitals than low-volume hospitals.
The expected TO rates increased with the accumulation of the
surgeon’s experience withMIS and the surgeon’s experience with
OPD. The expected TO rates were higher when surpassing the
LPD learning curve. Previous studies had demonstrated that
outcomes and complications after LPD strongly correlated to
surgeon experience and hospital volume[54–60]. In order to
achieve a better TO rate after LPD, the surgeon’s experience with
OPD andMIS is of vital importance. A step-by-step LPD training
program will be conducive to helping surgeons surpass the
learning curve while reducing postoperative complications and
mortality[30,61–63].

The surgical outcomes of complex surgical procedures could
vary widely among surgeons and hospitals[40]. As a composite
measure of surgical quality, the TO can be used to analyze indi-
vidual hospital performance and hospital variations. Through
comparing the included parameters with hospitals with better
performance, the individual hospital’s quality of care may be
improved. It is also convenient for patients to choose an appro-
priate hospital for treatment, as this composite measure (TO) is
easy to interpret. It is required to improve the quality of LPD.
Implementing the TO measure may facilitate such improvements
in the short-term outcomes of LPD.

There are several limitations to this study. First, data are col-
lected retrospectively, which could be subject to selection bias.
Second, the long-term follow-up data are lacking. But TO is a
composite outcome measure of multiple short-term outcome
metrics and may be associated with long-term survival[39]. Third,
there may be some differences in perioperative management
strategies and patient selection for LPD.
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