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Abstract

Background: Benchmark analysis for open liver surgery for cirrhotic patients with hepatocellular car-

cinoma (HCC) is still undefined.

Methods: Patients were identified from the Italian national registry HE.RC.O.LE.S. The Achievable

Benchmark of Care (ABC) method was employed to identify the benchmarks. The outcomes assessed

were the rate of complications, major comorbidities, post-operative ascites (POA), post-hepatectomy

liver failure (PHLF), 90-day mortality. Benchmarking was stratified for surgical complexity (CP1, CP2

and CP3).

Results: A total of 978 of 2698 patients fulfilled the inclusion criteria. 431 (44.1%) patients were treated

with CP1 procedures, 239 (24.4%) with CP2 and 308 (31.5%) with CP3 procedures. Patients submitted

to CP1 had a worse underlying liver function, while the tumor burden was more severe in CP3 cases. The

ABC for complications (13.1%, 19.2% and 28.1% for CP1, CP2 and CP3 respectively), major compli-

cations (7.6%, 11.1%, 12.5%) and 90-day mortality (0%, 3.3%, 3.6%) increased with the surgical dif-

ficulty, but not POA (4.4%, 3.3% and 2.6% respectively) and PHLF (0% for all groups).

Conclusion: We propose benchmarks for open liver resections in HCC cirrhotic patients, stratified for

surgical complexity. The difference between the benchmark values and the results obtained during

everyday practice reflects the room for potential growth, with the aim to encourage constant improve-

ment among liver surgeons.
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Introduction

In the last years, with surgical and perioperative care becoming
safer, the focus on outcomes’ improvement has shifted from
mortality to complications’ reduction and regaining a good quality
of life.1,2 Healthcare facilities and systems are increasingly using
quality measures to assess and improve the quality of care. In this
scenery, the surgical literature has recently introduced the concept
of benchmarking as a quality assessment and improvement tool.
This novel methodology has been applied to pancreatic3,4 and
oesophageal resections,5 and also to liver surgery.6–10 Bench-
marking defines a process that defines the best achievable results
by remarkable performers. Specifically in surgery, benchmarks
represent the best attainable outcomes after a procedure and can
be used as a point of reference for assessing and comparing per-
formances for hospitals, departments, and individuals3,5,11,12. In
this particular field, the ultimate goal of establishing benchmarks
remains a systematic approach for determining referral standards
to empower self-assessment and ease detection of areas for
improvement.12 Benchmarking should not be considered as a
“tournament” among physicians, but a quantitative stimulus for
health-systems in the identification of the critical issues where to
intervene, and, ultimately, to accomplish excellence.
The present study was thought among the Italian hepatocel-

lular carcinoma surgical study group (He.Rc.O.Le.S. Group), as
the first attempt to measure the obtained surgical results and to
create shared reference points to define the potential and points
for improvement in the surgical treatment of a particular surgical
setting: cirrhotic patients undergoing open liver resection (OLR)
for hepatocellular carcinoma (HCC). Although the spread of
laparoscopy in liver surgery, the open approach remains the most
employed, at least in Italy.13 Benchmarks were obtained using the
Achievable Benchmark of Care (ABC) method.14
Methods

Study overview, patient selection, and study design
This retrospective study evaluated prospectively-collected data
from patients enrolled between 2008 and 2019 in the Italian
Register of HCC, promoted by the Hepatocarcinoma Recurrence
on the Liver Study Group (He.Rc.O.Le.S. Group, clinicaltrial.gov
registration number: NCT04053231, www.hercolesgroup.eu).13

Results are reported according to principles of Strengthening
the Reporting of Observational Studies in Epidemiology
HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
(STROBE).15 All consecutive adult patients (age �18 years) with
histologically proven HCC who underwent surgery from January
2008 to December 2019 were evaluated. Inclusion criteria were:
1) patients who underwent surgery for the first diagnosis of
HCC, 2) HCC confirmed with the histological specimen, 3)
cirrhotic disease of the liver in the previous past, 4) being treated
by OLR. Exclusion criteria were: 1) histological diagnosis of the
combined primary liver tumor (e.g. hepato-cholangiocellular
carcinoma), 2) missing data on the type of surgical procedure
executed, on postoperative course or on ninety-day mortality. All
the included patients were followed-up for 90 days after liver
resection by in-office visits.

Aim and study endpoints
The aim of this study was to assess the best achievable outcomes
in OLR for cirrhotic patients with HCC after risk adjustment
based on technical difficulty, using a national registry. The
endpoints were the rate of complications, major comorbidities,
post-operative ascites (POA) occurrence, post-hepatectomy liver
failure (PHLF) and 90-day mortality. Secondary endpoints were
the rate of R1 resections and the length of stay.

Definitions
The presence of cirrhosis was evaluated by hepatologists through
clinical, biochemical, radiological and histological information.
Comorbidities were recorded by using the Charlson Comor-
bidity index.16 The type of liver resection was defined based on
the Brisbane nomenclature,17 while the complexity of the pro-
cedures was staged according to the proposal of Kawaguchi
et al.18 as follows: grade 1 complexity (CP1) includes wedge re-
sections and left lateral sectionectomy; grade 2 complexity (CP2)
includes anterolateral segmentectomy and left hepatectomy;
grade 3 complexity (CP3) includes posterosuperior segmentec-
tomy, right hepatectomy, extended right hepatectomy, right
posterior sectionectomy, central hepatectomy, extended left
hepatectomy and right or left trisectionectomy. The volume of
liver surgical procedures executed per year in each participating
center has been recorded, and centers were divided between low
(<50 procedures/year), medium (50–100 procedures/year) and
high volume (>100 procedures/year) centres.19 Of note, the
centres’ volume was estimated on the total number of liver
procedures regardless of the specific pathology indication.
PHLF was defined according to the 50-50 criteria.20 Post-

operative complications were recorded using the Clavien-Dindo
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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classification,21 and major complications were established in the
case of Clavien-Dindo grades 3 or 4. Comprehensive Complication
Index (CCI)22,23 has beenmeasured locally by each center. POAwas
defined as the presence of 500 ml/24 h of ascites in the surgical
drainage(s) (or the evidence in the post-operative course of intra-
abdominal liquid by ultrasound in case of no drainage) for at
least three consecutive days.24–26

Benchmark analysis
The Achievable Benchmark of Care (ABC™, University of
Alabama, Birmingham, Alabama, USA) method14 was
employed to identify the benchmarks. Briefly, this method relies
on the identification of the benchmark as the performance
achieved by the top 10 percent of providers adjusted for the
number of patients per provider. This approach reduces the
disproportionate impact of procedures with a small denomi-
nator without eliminating them from the sample, and it has
been already applied in different clinical, surgical and health-
care settings.7,27–29 In brief, these are the steps for this
approach: 1. Rank order providers (e.g. hospitals) in descending
order of performance relative to process indicator. 2. Beginning
with the best-performing provider, add providers sequentially
in descending order until this subset of providers represents at
least 10% of all patients or subjects in the entire dataset. 3.
Calculate benchmark based on subset as follows: total number
of patients in subset experiencing the event of interest/total
number of patients in subset.
The procedure was applied for each center within each group

of surgical complexity. An adjusted performance fraction (APF)
was calculated by adding 1 to the number of events (numer-
ator), and adding 2 to the number of available procedures
(denominator), then dividing the two obtained adjusted
values14: this was done to adjust the impact of low cases centers.
The APF was then used to sort the centers from lowest to
highest and to create a ranking among centres. Using this
ranking, the benchmark setters were identified by summing the
number of procedures for each center, starting with the highest
performer (with the lowest APF), and successively including the
next highest performer, until the sum of the procedures among
these highest performers comprised at least 10 percent of the
number of procedures for the cluster. The centers that were
included with their number in this 10 percent list were
considered the benchmark setters. The ABC was the sum of all
the adverse outcomes (e.g. complications, severe complications,
etc.) of the benchmark setters (numerator) divided by the sum
of the number of procedures of the benchmark setters (de-
nominator). For this purpose, centers with zero complications
or zero major comorbidities were excluded by the benchmarks’
assessment for those cluster-analyses, since the absence of
events was considered unrealistic, as suggested by Russolillo
et al.7 The benchmark value for the length of stay was defined as
the 10th percentile of the median value across centres. After
benchmarks identification, all the centers included in the
HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
register, regardless of their contribution to the benchmark se-
lection, were compared.

Statistical analysis
The sample description was done using median and interquartile
range (IQR) for numeric variables and number and proportion
for categorical variables. Mann–Whitney, Kruskall-Wallis and
Fisher tests were used to compare baseline patients’ character-
istics when appropriate. Pairwise post-hoc analyses were
performed after Holm-Bonferroni correction. For the purpose of
the study and for the methodology applied, patients with missing
data were excluded. All statistical tests were two tails and a 5%
significance level. All the analyses and graphics were computed
by using the open-source R software (v4.0.3) and Office-Excel
(Microsoft Office 2016, Microsoft Corp.).
Results

Between 2008 and 2019, 2698 patients were enrolled in the
HE.RC.O.LE.S. register. At the time of analysis, 23 centers had
data fully enrolled in the dataset. Of them, 186 (6.8%) were
excluded because of missing data, while 1534 were excluded
because they were operated by the laparoscopic approach or
because of absence of cirrhosis at the final histology. The final
sample of the study included 978 HCC patients. The number of
patients per center ranged from 1 to 289 (Fig. 1): 5 centers had
more than 100 procedures related to HCC in cirrhotic patients,
while 2 of them enrolled more than 250 cases. Of 23 centers
participating in the study, 5 (20.9%) were classified as high
volume centers, 11 (45.9%) as medium volume and 7 (29.2%) as
low volume centers. The considered cohort was composed of 236
(24.1%) female patients, with a median age of 70 years (IQR
63.0–75.0), and a median Charlson Comorbidity Index of 6
(IQR 5–8). Eight-hundred eighty-one (90.1%) cases were Child-
Pugh A; median MELD score was 7 (IQR 7–9). Median number
of nodules was 1 (IQR 1–2), and the median size was 3.45 cm
(IQR 2.4–5.0). According to the BCLC staging system, 539
(55.1%) patients were BCLC 0-A, while 199 (20.3%) were BCLC
B, and 148 (15.1%) were BCLC C. Baseline characteristics are
summarized in Table 1.
Regarding the complexity of the surgical procedure executed,

431 (44.1%) patients were treated with grade 1 procedures, 239
(24.4%) with grade 2 and 308 (31.5%) with grade 3 procedures.
Overall, wedge resections were the most common procedure
(393 cases, 40.2%), followed by segmentectomy (319 cases,
32.6%) and left hepatectomy (76, 7.8%). The median length of
surgery was 235 min (IQR 180–295), and median blood loss was
350 ml (IQR 200–550), but blood transfusion was required only
in 118 (12.1%) patients. The median duration of hospital re-
covery was 9 days (IQR 7–13).
Low-volume centers performed 142 (14.5%) liver resections:

54 (38.1%) CP1, 52 (36.6%) CP2 and 36 (25.3%) CP3 proced-
ures. Medium-volume centers executed 424 (43.3%) resections:
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 The distribution of the surgical procedures among participating centers. Those are subgrouped by the volume classification in low,

medium and high volume centers (centres volume was defined as the number of liver resections executed per year for any medical reason; in the

y-axis is represented the number of patients included in the present study per each centre previously classified)
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204 (48.1%) CP1, 91 (21.5%) CP2, 129 (30.4%) CP3 procedures.
High volume centers, indeed, performed 412 (42.2%) liver re-
sections: 173 CP1, 96 CP2 and 143 CP3 procedures.

Complexity grades’ comparison
Patients in CP3 had a lower burden of comorbidities when
compared with CP1, as represented by the median Charlson
Index which was 6 (IQR 5–7) versus 7 (IQR 5–8) respectively
(p: 0.033). Seventy-six (17.6%) patients had steatosis in CP1,
versus 34 (14.2%) in CP2 (p:0.006). CP1 cases had a higher
median MELD (8, IQR 7–9) when compared with CP2 (7,
IQR 6–8, p:0.001) and CP3 (7, IQR 7–9, p:0.048). Patients
with BCLC B (76, 24.7%) and BCLC C (70, 22.7%) underwent
more frequently CP3 procedures (p < 0.001). Median blood
loss was higher in CP3 (450 ml, IQR 200–652.5) than in CP1
(265 ml, IQR 100–450, p < 0.001) and in CP2 (400 ml, IQR
200–600) versus CP1 (p < 0.001). Further data are available in
Table 1.

Post-operative complications and mortality
Complications occurred more frequently among CP3 procedures
(154, 50%) than in CP2 (87, 36.4%, p:0.002), and in CP2 than in
CP1 (191, 44.3%, p:0.056). Median CCI was higher in CP3
(22.60, IQR 20.9–33.5) than in CP1 (20.9, IQR 9.0–26.2,
p:0.012) and CP2 (20.9, IQR 9.0–33.5, p:0.001). Major comor-
bidities were more frequent in CP3 (41, 13.3%) than in CP1(34,
HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
7.9%, p: 0.048) and CP2 (18, 7.5%, p:0.006). POA was signifi-
cantly more frequent in CP1 (78, 18.1%) than in CP2 (24, 10%,
p:0.026), and in CP3 (53, 17.2%) than in CP2 (p: 0.021).
Therefore, PHLF occurred in 25 (5.8%) cases in CP1 group,
while it was observed in 8 (3.3%) and 26 (8.4%) patients in CP2
and CP3 groups (CP2 vs CP3 p: 0.027). Ninety-day mortality
occurred in 10 (2.3%), 9 (3.8%) and 15 (4.9%) patients
respectively in CP1, CP2 and CP3 (p:0.169). Results are reported
in Table 2.

Benchmarks estimation
The ABC method14 was applied according to the surgical
complexity, and 5 outcomes were evaluated. In the CP1 group,
the benchmark for overall complications was 13.16% (25th
percentile: 41.9, 75th percentile: 64.3), while for major mor-
bidities was 7.69% (25th percentile: 15.9, 75th percentile: 34.0).
The best achievable rate of POAwas 4.44% (25th percentile: 10.5,
75th percentile: 41.4), while for PHLF was 0.0% (25th percentile:
6.7, 75th percentile: 19.8%) and for 90-days mortality was 0.0%
(25th percentile: 3.1, 75th percentile: 9.1). In CP2, the compli-
cations benchmark was 19.28% (25th percentile: 31.7, 75th
percentile: 69.1); the major complications one was 11.11% (25th
percentile: 15.6, 75th percentile: 41.7), while for POAwas 3.33%
(25th percentile: 7.7, 75th percentile: 33.3). Benchmarks for
PHLF and 90-days mortality were 0.0% (25th percentile: 5.3,
75th percentile: 11.1) and 3.33% (25th percentile: 8.0, 75th
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Baseline characteristics of the whole cohort and after subgrouping for the three grades of surgical complexity

Overall CP1 CP2 CP3 p
(CP1vsCP2)

p
(CP1vsCP3)

P
(CP2vsCP3)

n 978 431 239 308

Age (years) (median
[IQR])

70.00 [63.00, 75.00] 70.00 [63.00, 75.00] 72.00 [65.25, 75.75] 70.00 [62.00, 74.00] 0.264 0.264 0.018

Female (%) 236 (24.1) 95 (22.0) 55 (23.0) 86 (27.9) 0.848 0.243 0.458

Charlson Index
(median [IQR])

6.00 [5.00, 8.00] 7.00 [5.00, 8.00] 6.00 [5.00, 8.00] 6.00 [5.00, 7.00] 0.13 0.033 0.722

Steathosis (%) 156 (16.0) 76 (17.6) 34 (14.2) 46 (14.9) 0.006 0.352 0.352

NA 82 (8.4) 24 (5.6) 32 (13.4) 26 (8.4)

Child Pugh Grade (%)

A 881 (90.1) 402 (93.3) 210 (87.9) 269 (87.3) 0.162 0.162 0.766

B 63 (6.4) 20 (4.6) 17 (7.1) 26 (8.4)

NA 34 (3.5) 9 (2.1) 12 (5.0) 13 (4.2)

MELD score (median
[IQR])

7.00 [7.00, 9.00] 8.00 [7.00, 9.00] 7.00 [6.00, 8.00] 7.00 [7.00, 9.00] 0.001 0.048 0.122

HBV (%) 200 (20.4) 86 (20.0) 53 (22.2) 61 (19.8) 0.18 0.18 0.781

NA 11 (1.1) 1 (0.2) 4 (1.7) 6 (1.9)

HCV (%) 553 (56.5) 242 (56.1) 130 (54.4) 181 (58.8) 0.224 0.054 0.472

NA 12 (1.2) 1 (0.2) 4 (1.7) 7 (2.3)

Alcohol intake (%) 224 (22.9) 103 (23.9) 50 (20.9) 71 (23.1) 0.678 0.954 0.822

NA 21 (2.1) 9 (2.1) 5 (2.1) 7 (2.3)

Varices (%) 179 (18.3) 94 (21.8) 31 (13.0) 54 (17.5) 0.039 0.24 0.306

NA 156 (16.0) 58 (13.5) 42 (17.6) 56 (18.2)

Total Bilirubin
(median [IQR])

0.82 [0.60, 1.19] 0.84 [0.60, 1.20] 0.80 [0.60, 1.18] 0.80 [0.60, 1.15] 1 1 1

Albumin (mg/dl)
(median [IQR])

3.90 [3.50, 4.30] 0.88 [0.75, 1.04] 0.87 [0.73, 1.00] 0.86 [0.74, 1.00] 0.342 0.144 0.696

Platelet (median
[IQR])

151.00 [111.00,
205.00]

138.50 [99.00,
188.00]

169.00 [129.00,
224.00]

157.50 [118.75,
220.75]

<0.001 <0.001 0.087

INR (median [IQR]) 1.11 [1.04, 1.21] 1.11 [1.05, 1.20] 1.11 [1.02, 1.29] 1.11 [1.05, 1.21] 0.628 0.544 0.999

Alpha-Feto-Protein
(median [IQR])

13.00 [4.80, 93.20] 9.31 [4.53, 61.00] 15.80 [5.00, 142.50] 18.00 [5.00, 129.00] 0.116 0.039 0.679

N. of Nodules
(median [IQR])

1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 1.00 [1.00, 1.00] 1.00 [1.00, 2.00] <0.001 0.049 0.098

Size (cm) (median
[IQR])

3.45 [2.40, 5.00] 3.00 [2.00, 4.30] 3.60 [2.30, 6.00] 4.00 [2.90, 6.77] 0.002 <0.001 0.005

BCLC (%) NaN <0.001 0.016

0 107 (10.9) 66 (15.3) 26 (10.9) 15 (4.9)

A 432 (44.2) 200 (46.4) 99 (41.4) 133 (43.2)

B 199 (20.3) 76 (17.6) 47 (19.7) 76 (24.7)

C 148 (15.1) 32 (7.4) 46 (19.2) 70 (22.7)

NA 92 (9.4) 57 (13.2) 21 (8.8) 14 (4.5)

Type of procedure
(%)

– – –

Wedge Resection 393 (40.2) 393 (91.2) 0 (0.0) 0 (0.0)

segmentectomy 319 (32.6) 0 (0.0) 163 (68.2) 156 (50.6)

right hepatectomy 71 (7.3) 0 (0.0) 0 (0.0) 71 (23.1)

left hepatectomy 76 (7.8) 0 (0.0) 76 (31.8) 0 (0.0)

right anterior
sectionectomy

31 (3.2) 0 (0.0) 0 (0.0) 31 (10.1)

(continued on next page)
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Table 1 (continued )

Overall CP1 CP2 CP3 p
(CP1vsCP2)

p
(CP1vsCP3)

P
(CP2vsCP3)

right posterior
sectionectomy

34 (3.5) 0 (0.0) 0 (0.0) 34 (11.0)

left lateral
sectionectomy

38 (3.9) 38 (8.8) 0 (0.0) 0 (0.0)

right
trisectionectomy

15 (1.5) 0 (0.0) 0 (0.0) 15 (4.9)

left trisectionectomy 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.3)

Pringle (%) 569 (58.2) 224 (52.0) 141 (59.0) 204 (66.2) 0.006 0.003 0.018

NA 23 (2.4) 7 (1.6) 12 (5.0) 4 (1.3)

Pringle Time (min)
(median [IQR])

40.00 [25.00, 60.00] 35.00 [21.75, 62.25] 40.00 [25.00, 55.00] 45.00 [30.00, 60.00] 0.964 0.243 0.243

Length of Surgery
(min) (median
[IQR])

235.00 [180.00,
295.00]

205.00 [170.00,
270.00]

232.50 [180.00,
285.00]

265.00 [210.00,
320.00]

0.023 <0.001 <0.001

Blood los (ml)
(median [IQR])

350.00 [200.00,
550.00]

265.00 [100.00,
450.00]

400.00 [200.00,
600.00]

450.00 [200.00,
652.50]

<0.001 <0.001 0.110

Intraop Blood
transfusion (%)

118 (12.1) 31 (7.2) 28 (11.7) 59 (19.2) 0.070 NaN 0.010

NA 89 (9.1) 40 (9.3) 29 (12.1) 20 (6.5)

Length of Stay (days)
(median [IQR])

9.00 [7.00, 13.00] 9.00 [7.00, 12.00] 9.00 [7.00, 12.00] 11.00 [8.00, 17.00] 0.211 <0.001 <0.001

R (%) 0.078 <0.001 0.312

R0 757 (77.4) 327 (75.9) 185 (77.4) 245 (79.5)

R1 100 (10.2) 30 (7.0) 28 (11.7) 42 (13.6)

R2 13 (1.3) 6 (1.4) 3 (1.3) 4 (1.3)

NA 108 (11.0) 68 (15.8) 23 (9.6) 17 (5.5)

Procedures in Low
Volume Centers
(%)

142 (14.5) 54 (12.5) 52 (21.7) 36 (11.7) – – –

Procedures in
Medium Volume
C.(%)

424 (43.3) 204 (47.3) 91 (38.1) 129 (41.9) – – –

Procedures in High
Volume C.(%)

412 (42.2) 173 (40.2) 96 (40.2) 143 (46.4) – – –

MELDmodel for end stage liver disease; HBV hepatitis B virus; HCV hepatitis C virus; INR International normalized ratio; BCLC Barcelona Clinic Liver
Cancer staging system.

Table 2 Post-operative outcomes in the whole cohort and after subgrouping by surgical complexity grades

Overall CP1 CP2 CP3 p (CP1vsCP2) p (CP1vsCP3) p (CP2vsCP3)

n 978 431 239 308

Complications (%) 432 (44.2) 191 (44.3) 87 (36.4) 154 (50.0) 0.056 0.146 0.002

Major
Complications (%)

93 (9.5) 34 (7.9) 18 (7.5) 41 (13.3) 0.118 0.048 0.006

CCI (median [IQR]) 20.90 [20.45–29.60] 20.90 [9.00, 26.20] 20.90 [9.00–33.50] 22.60 [20.90–33.55] 0.186 0.012 0.001

POA (%) 151 (15.4) 78 (18.1) 24 (10.0) 53 (17.2) 0.026 0.636 0.021

PHLF (%) 59 (6.0) 26 (6.0) 9 (3.7) 26 (8.4) 0.343 0.267 0.027

90 Days mortality (%) 34 (3.5) 10 (2.3) 9 (3.8) 15 (4.9) 0.403 0.092 0.678

CCI- Comprehensive Complication Index; POA-post-operative ascites; PHLF- post-hepatectomy liver failure.

HPB 2022, 24, 1365–1375 © 2022 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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percentile: 20.8). In case of CP3 procedures, benchmarks were:
overall complication 28.05% (25th percentile: 47.5, 75th
percentile: 70.0); major complications 12.50% (25th percentile:
17.5, 75th percentile: 51.8); POA 2.60% (25th percentile: 16.7,
75th percentile: 36.7); PHLF 0.0% (25th percentile: 8.5, 75th
percentile: 16.3); 90-days mortality 3.57% (25th percentile: 5.8,
75th percentile: 18.3). Benchmarks, percentiles, and graphical
representations are available in Fig. 2a–e. Center-specific results
are indeed depicted in Fig. 3a–e, which is also the official report
image that is sent to all the participating centers on an annual
basis.
Regarding R1 resections, the benchmark value was 0% (25th

percentile: 0, 75th percentile: 6.50), 0.02% (25th percentile: 0.1,
75th percentile: 15) and 0.03% (25th percentile (25th percentile:
0.2, 75th percentile: 17.7%) for CP1, CP2 and CP3 procedures
respectively.
Considering the length of stay, the benchmarks values were 6

days (25th percentile: 7, 75th percentile: 10) for CP1, 6 days
(25th percentile: 7, 75th percentile: 12) for CP2 and 7 days (25th
percentile: 8, 75th percentile: 17) for CP3 procedures.
Figure 2 Benchmarks and trends are depicted for each considered outco

rate on the overall complications); c) post-operative ascites; d) PHLF: po

HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
Discussion

The ultimate goal of establishing benchmarks remains the
improvement of patients’ outcomes, through stimulating sur-
geons to accomplish excellence. A practical application of this
study was to generate a virtuous routine, in which each year every
center receives a summary (as the one depicted in Fig. 3) with
their results compared with the other members.
Despite the recent spread of the laparoscopic approach, open

liver resections are still the more frequent type of curative pro-
cedure for HCC,13 even in case of cirrhosis which is the most
common presentation. Albeit benchmarking of specific technical
procedures (laparoscopy,7 major hepatectomies,6 liver trans-
plantation8) were already established, a whole benchmark anal-
ysis for all the possible surgical resections performed in the
setting of cirrhotic HCC is still lacking, and the best achievable
outcomes are globally unknown, particularly regarding the spe-
cific complications of those procedures, as per POA and PHLF,
which are pivotal to be avoided in the setting of a fragile hepatic
functional balance. Our study addresses this need, proposing the
me: a) overall complications; b) major complications (presented as the

st-hepatectomy liver failure; e) 90-days mortality

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 3 For each outcome, the reported results obtained by each center according to their volume classification are depicted. The colours

summarized the volume classification, while the size of the squares is proportional to the number of cases treated by each center. a) overall

complications; b) Major complications (presented as the rate on the overall complications); c) post-operative ascites; d) PHLF: post-

hepatectomy liver failure; e) 90-days mortality. The dot-lines represent the benchmark values for each complexity grade: red: CP1, green:

CP2 and blue: CP3
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best achievable outcomes after stratification for surgical
complexity,18 based on a multicentric national database. As a
consequence, the benchmark values for overall and major
morbidity progressively increased with technical complexity.
Also, 90-days mortality rates displayed an incremental trend
related to surgical difficulty, even if CP2 and CP3 presented
HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
superimposable values. Interestingly, POA rate was not strictly
related to the magnitude of resection but was higher in the CP1
group. Even if potentially misleading, this can be explained by
the different grades of intrinsic hepatic impairment of the
groups: less extensive surgery has been offered to patients with
poorer residual liver function. In this case, this cohort would be
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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more at risk for postoperative hepatic decompensation. Simi-
larly, this occurrence may also be explained by the fact that high-
volume centers more often deal with major resections, and
usually they have the availability of high-quality in-hospital
services, such as interventional radiology and intensive care unit:
this has been proven to reduce not only the incidence of com-
plications but also the impact of them on the failure-to-rescue
syndrome.30

The benchmark value for PHLF of 0.0% for all three surgical
complexity grades deserves a brief explanation. While PHLF is
one of the main sources of morbidity and mortality after hepa-
tectomy, its occurrence remains at low frequency. In a recent
report assessing benchmarks in a population of living liver
donors who underwent major hepatectomies, PHLF was set at
1%.6 It is clear that these results are driven by the PHLF classi-
fication adopted: in fact, in the HERCOLES register PHLF was
measured by using the 50-50 criteria,20 which are designed to
capture the most severe forms of PHLF, not considering the mild
and intermediate presentations that are more common.
Although other classifications could be applied to depict also the
minor forms of PHLF, it is worthwhile to note that benchmarks
represent the best possible outcome, but this does not mean that
the best possible outcome is always achievable.12

R1 resection benchmark, which is a well-known risk factor for
recurrence, was near 0 in each complexity grade, reflecting the
inevitable surgeons’ attention to achieve the best oncological
outcome. Again, as for other parameters, this benchmarking
value can be read as a reference point for potential improvement
in those particular centers in which their benchmarking values
may be discordant.
Considering the length of stay, the benchmarks values were in

line with the recent literature regarding the open technique in
liver surgery. However, we may note that, as highlighted recently
by the literature regarding the fast-track programmes likes
ERAS,31 this parameter is highly susceptible of variance among
centres, as the sum of different factors not always connected to
the clinical outcome (patients will, hospital organization, sur-
geons attitude, etc): our results should be interpreted with
caution, and in the future this benchmark should be evaluated
considering the readiness for discharge rather than the effective
discharge date.
Interestingly, beyond the 50th percentile for each outcome,

there was a sharp increase of the adverse events’ incidence: this
result may help to address health systems towards the identifi-
cation of the best potential centers which may centralize those
types of surgical procedures, thanks to the optimal results
achieved. From a health-system point of view, in order to
guarantee the efficacy without affecting the local availability
across the country of the health services, not exclusively
benchmark setters should be considered as the natural providers
of those procedures: however, one approach might be the iden-
tification of those centres that are near to the benchmark (as per
the 25th - 50th percentiles) as regional referees, to avoid the
HPB 2022, 24, 1365–1375 © 2022 International Hepato-P
dramatic increase of adverse events. It is also important to state
that the best results obtained are not only the expression of the
surgical skills: this is a simplistic interpretation. Dealing with
HCC means managing not only the surgical fields but also the
possible response of the damaged liver to the surgical stress,
which needs efficient other facilities strictly connected with the
surgical department. This is evident by the higher incidence of
postoperative liver decompensation in the CP1 procedures: in
HCC surgery, in fact, an apparent easy procedure may be set in a
very difficult pathological environment which may significantly
increase the risks. Another argument might be that CP1 pro-
cedures are very frequently performed in low-volume centers,
which may have lower experience in patients selections, also as
the results of the potential lack of multidisciplinary teams.
Although several methods3,6,10 are available to estimate the

benchmarks, we adopted the ABC method14 since its ability to
better capture the measure of interest in an unselected popula-
tion, as recently discussed.32 This way of measuring the perfor-
mance helps to attribute the appropriate weight to all the
possible factors which can modify the outcomes obtained,
increasing the complexity - and consequently the reliability - of
the health systems evaluation. In this sense, the correlation be-
tween volume and efficacy is not linear, and it depends on several
other factors such as the local expertise, the availability of ser-
vices, and the patient’s selection criteria.33 As our results showed,
high-volume centers were not always the benchmarks setters for
all the types of procedures: this may reflect exactly the tendency
of the largest centers to treat the most difficult cases in terms of
underlying comorbidities and functional reserve. In this sense,
the research in quality benchmarking in liver surgery should
continue with the aim to propose realistic cut-off values of
outcome measures to avoid the risk of having top performers in
low or middle-volume centers performing small liver resections
in healthy patients and low performers in high-volume centers
performing complex liver resection in diseased patients. Last but
not least, in the current era of benchmarking in surgery, it is
important to make distinctions between safety and quality in
surgery as recently pointed out.34 In particular, safety and quality
in surgery may be, paradoxically, associated with some down-
sized to the strategy of aiming at zero harm such as the perfection
in patients’ selection, which limits the patient access to surgery,
or the performance of innovative operations, which at the
beginning might not be compatible with perfection, or the
training of residents and fellows, which similarly to new and
innovative procedures might not be associated with zero harm.
Thus, when searching and interpreting benchmarking data in
surgery wise and cautions are requested to any representative
facing these features.
We acknowledge some inherent limitations of this study. Due

to retrospective nature, the results may be affected by some
confounders. Both the exclusion of 6.8% of patients because of
missing data and the absence of other variables not reported in
the registry might have impacted the measured results. Since data
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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were analyzed from centers from a single country, the results
herein described might not be easily generalized worldwide, and
an external international validation appears to be necessary.
While in the modern era liver resection may be delivered in some
extremely selected cases of deteriorated liver function (as per
Child-B), data of this study considered only cirrhotics with
preoperative well-compensated liver function, consequently the
results might be generalized only for that type of HCC patients.
Moreover, due to its novelty, there is no agreement concerning
the methodology used for benchmarking surgical procedures,
and standardization of the statistical approach is crucial. Thus,
CP1 and CP2 procedures may be often executed by laparoscopy
(laparoscopic liver resection, LLR), leading to a sort of selection
bias among the equivalent procedures here represented, which
may be more complex and consequently excluded from a lapa-
roscopic approach. This may cause overestimates of bench-
marking grade I and II procedures (in Supplementary Table 1 a
comparison among the number of procedures between OLR and
LLR per each complexity grade is made available). More
importantly, benchmarks may differ in case of varying the
complexity classification employed. Finally, our results reflect
best-achievable outcomes that are otherwise related to a certain
period, thus benchmarks must be revised periodically concern-
ing future advances.
In conclusion, since benchmarking defines the best achievable

outcomes, the difference between the benchmarks values and the
results obtained reflects the room for potential growth. This does
not imply that the best possible outcome is always feasible, but
since this novel method can be applied by departments and
surgeons, it should be a tool for institutions and individuals to
encourage improvement and to imagine a new health systems
organization. In this scenario, we proposed benchmarks for open
liver resection for HCC in cirrhotic patients, stratified for sur-
gical complexity.
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