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Abstract
Background: Existing studies suggest a positive correlation between high
compliance with enhanced recovery programs (ERP) and improved out-
comes. While individual outcome measures have advantages, composite
benchmarks, such as textbook outcome (TO), offer a more comprehensive
assessment of healthcare performance. Given the link between ERP and
postoperative outcomes, this study aims to investigate the impact of ERP on
TO attainment after liver surgery (LS).
Methods: A prospective multicenter cohort of patients undergoing LS and
exposed to ERP from 2016 to 2022 in France was analyzed. The primary
outcome was to compare the rates of TO achieved between patients with
high ERP compliance (>70%) and those with low ERP compliance (<70%)
after LS.
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Results: A total of 706 patients were included in the study, and 217 (30.7%)
achieved TO: 170 patients with high ERP compliance (24%) versus 47 pa-
tients (6.6%) with low ERP compliance attained TO (p < 0.001). High ERP
compliance was associated to an increased likelihood of achieving TO [odds
ratio (OR) = 1.49 (95% CI: 1.01, 2.24); p = 0.049], while cholangiocarcinoma
[OR = 0.11 (95% CI: 0.02, 0.39); p = 0.003], high complexity LS [OR = 0.22
(95% CI: 0.13, 0.36); p < 0.001], intraoperative hypotension requiring vaso-
pressors [OR= 0.29 (95%CI: 0.10, 0.68); p= 0.010], and post‐operative ileus
[OR = 0.08 (95%CI: 0.00, 0.37); p= 0.013] were negatively associated to the
likelihood of achieving TO.
Conclusions: Patients with high ERP compliance after LS experience
elevated rates of TO, compared to those with low ERP compliance.

K E Y W O R D S
enhanced recovery protocol, liver surgery, multicenter prospective cohort, registry, textbook
outcomes

1 | BACKGROUND

While there have been notable advancements in the
management of patients undergoing liver surgery
(LS)1,2 postoperative morbidity, prolonged hospital‐
stays (length of stay (LOS)), and increased hospital
costs3–7 continue to be observed on a daily basis.

The enhanced recovery program (ERP) is an
evidence‐based multimodal care program developed to
minimize the response to surgical stress8–10 with
updated recommendations focusing on LS in 2022.11

Studies exploring the impact of ERP in LS suggest a
strong dose–response relationship between high
compliance to the protocol and improved outcomes
(morbidity and LOS),12–14 even when stratified for LS
complexity.12

While analyzing individual outcome measures
(morbidity, LOS, or readmission) offers advantages,
composite benchmarks integrate information from
multiple domains into a single summary measure
providing a comprehensive and readable assessment
of healthcare journey performance, compared to indi-
vidual measures.15–18 One composite measure is the
textbook outcome (TO), providing a comprehensive
summary of hospital performance19: This includes
different desirable postoperative outcomes that repre-
sent, one achieved, the ideal (so called textbook) hos-
pitalization.18 The achievement of TO after LS is
heterogeneous across studies, ranging from 6% to 66%
according to the use of laparoscopy20 and underlying
diseases.20–24

Given the association between ERP and post-
operative outcome measures, the aim of this study was
to explore the impact of an ERP on TO achievement
after LS.

2 | METHODS

2.1 | Study design

This study exploring TO was designed as an open‐
label, prospective multicenter cohort of patients un-
dergoing elective LS, and exposed to an ERP within the
Francophone Group for enhanced recovery after sur-
gery (Groupe francophone de Réhabilitation Ameliorée
après Chirurgie [GRACE]).

Data reporting was structured according to the
strengthening the reporting of observational studies in
epidemiology (STROBE) statement25 and the Report-
ing on ERAS® Compliance, Outcomes, and Elements
Research (RECOVER) Checklist.26

2.2 | Textbook outcomes

The composite TO were defined by the simultaneous
presence of the six following variables: microscopically
negative margins (R0), no perioperative transfusion
(intra‐ or postoperative), no postoperative surgical
complications (any complication from Clavien–
Dindo > I to Clavien–Dindo < IV), no prolonged length
of stay (LOS≤50th percentile of the whole cohort), no
readmissions to any hospital or facility within 30 days
after discharge, and no postoperative mortality (Clav-
ien–Dindo V) within 30 days after surgery.18

2.3 | Patient population

Adult (>18 years old) patients treated by LSwithin the 20
participating French or Belgian hospitals between June
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2016 and August 2022 were eligible to participate. The
ERP was based on a multimodal approach addressing a
bundle of preoperative, intraoperative, and post-
operative elements of care tailored for LS.10,11,27

2.4 | Data source and collection

A central online database adapted to LS guidelines10

and designed for interactive tool, GRACE Audit (www.
grace‐audit.fr), was used for data collection. For each
patient were available approximately 180 different de-
mographics, pre‐, peri‐, and postoperative variables,
including complications and follow‐up. The audit tool
was declared to the French data protection authority
(Commission Nationale de l'Informatique et des Lib-
ertés) in 2014 (#1817711). Each patient's data was
prospectively collected up to 90 days after surgery. The
IRB approval was not required for his study.

Each Center's investigator was asked to extract
from each patient's file all the supplementary variables
required to calculate TO and update the follow‐up. A
working database was extracted from the GRACE Audit
system and enhanced with TO variables in March 2023.

2.5 | Variables

LS was grouped into 3 levels (classes) according to
their complexity, as defined by the Institut Mutualiste
Montsouris (IMM) classification28,29 as follows: Class I
included wedge resection and left lateral sectionec-
tomy; Class II included the removal of anterolateral
segments and left hepatectomy; and Class III included
the removal of posterosuperior segments, right poste-
rior sectionectomy, right hepatectomy, central hepa-
tectomy, and extended left/right hepatectomy.

Overall compliance was calculated as the number of
ERP elements fulfilled out of 21 (the total number of
ERP elements) for each patient. According to previous
studies on ERP in colorectal,30,31 or LS,13,14 the
threshold considered for high compliance was 15 out of
21 items fulfilled (corresponding to 70%).

2.6 | Comparison

Patients with high compliance to ERP (>70%) were
compared to those with low compliance to ERP (<70%).

2.7 | Outcomes

We formulated the hypothesis that patients with high
ERP compliance (>70%) after LS could experience a
higher rate of TO compared to those with low ERP
compliance (<70%).

For this reason, the primary outcome was to
compare the rate of patients achieving TO after LS in
the high ERP compliance group versus those in the low
ERP compliance group.

Secondary outcomes were to define the compliance
to each ERP element in the general cohort and in the
subgroup of patients fulfilling TO. Moreover, predictors
of TO were explored.

2.8 | Statistical methods

2.8.1 | Statistical software

Data managing, visualization, statistical evaluation, and
analysis were performed with R software (version 4.0.2
or higher. The R foundation for statistical computing.
www.cran.r‐project.org, Vienna, Austria).

2.9 | Descriptive statistics

Categorical variables were reported as percentages,
while continuous variables were summarized as means
and standard deviation or median and range for
discrete variables, as appropriate. The Student's t‐test
or Mann–Whitney U test were used for comparisons of
quantitative variables as appropriate, whereas a χ2 test
or Fisher's exact test was used to compare categorical
data. Data were compared before and after matching.

2.10 | Definition of variables predicting
TO achievement

Unadjusted odds ratios (ORs) and 95% confidence in-
tervals (95% CIs) were calculated for variables asso-
ciated with TO by a logistic regression univariable
model. Variables with a p value < than 0.05 or clinically
significant were entered in a multivariable logistic
regression model to identify factors independently
associated with TO. The final model expressed the
adjusted ORs and 95% CI. All tests were two tailed, and
p values < 0.05 were considered significant.

3 | RESULTS

During the study period, 856 patients undergoing
elective LS at 20 centers were prospectively enrolled in
the GRACE‐Audit Interactive System. After excluding
150 records with incomplete or no data (preventing
ERP compliance and/or TO definition), a total of 706
patients (82%) comprised the study cohort (Figure S1).
Among them, 384 patients (54.4%) were male, with
20.1% having a BMI greater than 30 kg/m2, and the
mean age was 60.04 � 14.18 years. The majority of
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patients were treated for cancer (n = 560, 79.3%):
colorectal metastasis (n = 230, 32.6%), non‐colorectal
metastasis (n = 148, 21%), hepatocellular carcinoma
(n = 134, 19%), and cholangiocarcinoma (n = 43,
6.1%), with R0 resection achieved in 88.5% (n = 622) of
patients.

According to the 3‐level classification of LS
complexity32,33 49.7% (n = 351), 27.8% (n = 196), and
22.5% (n = 159) of patients underwent low‐ (I), mid‐ (II),
and high‐complexity (III) procedures, respectively.
Among those who underwent a minimally invasive
approach (laparoscopic or robotic approach, n = 363,
51.4%), the open‐conversion rate was 6.5%, although
the rationale was not recorded. The mean LOS was
6.45 � 6.71 days, and complications were observed in
58.6% (n = 413) of cases, with 49.1% (n = 313) clas-
sified as severe (Clavien III or higher). The character-
istics of the patients and operative factors are detailed
in Tables 1 and 2, respectively.

3.1 | Primary outcome: Rates of
textbook outcomes according to ERP
compliance

Overall, 217 out of 706 patients, constituting 30.7% of
the study cohort, achieved TO.

Among them, 170 patients with high ERP compli-
ance (24% of the whole cohort) achieved TO, whereas
only 47 patients with low ERP compliance (6.6% of the
whole cohort) attained TO (p < 0.001).

3.2 | Secondary outcomes

3.2.1 | Enhanced recovery protocol
compliance

The overall compliance with the ERP was 52% (me-
dian = 12 items, IQR 11–14), with individual element
compliance rates ranging from 3% to 100% (Figure 1).

High compliance (>70%) was observed in 484 pa-
tients (68.6% of the cohort) with a median of 16 items
(IQR 15–17). Compared to low compliance (<70%),
high compliance patients were younger with lower rates
of stay in ICU and shorter LOS (Table 1).

Figure S2 provides a summary of the cumulative
number of patients per compliance class.

3.2.2 | Textbook outcome distribution

Details of each TO distribution by its definition are
illustrated in Figure 2 and Table 3. Among the subgroup
of patients achieving TO, the distribution of ERP indi-
vidual elements is illustrated in Figure S3.

Even in case of mid‐ and high‐surgical difficulty
(class II and III of the IMM classification), patients who
successfully achieved TO exhibited a significantly
higher number of ERP items compared to those who
did not attain TO (Figure 3).

3.2.3 | Predictors of textbook outcomes
achievement

The results of univariable and multivariable logistic
regression analyses on complications are summarized
in Table 4. In the univariable analysis, factors such as
age at surgery, malignant disease, high complexity
surgery (IMM III), hypotension, the use of vasopressors
during LS, and postoperative ileus were associated with
a decreased likelihood of achieving TO, while high
compliance with the ERP was associated to an
increased likelihood of achieving TO.

Upon adjusting for these variables in the multivari-
able logistic regression, cholangiocarcinoma
[OR = 0.11 (95% CI: 0.02, 0.39); p = 0.003], high
complexity LS [IMM III, OR = 0.22 (95% CI: 0.13, 0.36);
p < 0.001], intraoperative hypotension requiring vaso-
pressors [OR = 0.29 (95% CI: 0.10, 0.68); p = 0.010],
and post‐operative ileus [OR = 0.08 (95% CI: 0.00,
0.37); p = 0.013] were independently associated
against achieving TO.

Conversely, high ERP compliance (>70%) was
independently associated with an increased likelihood
of achieving TO [compliance >70% OR = 1.49 (95% CI:
1.01, 2.24); p = 0.049].

4 | DISCUSSION

Both ERP and TO share a parallel significance, each
warranting consideration as a comprehensive bundle.
ERP, intended as a multimodal care program, showed
greater efficacy than the implementation of singular
elements in isolation (e.g., minimally invasive LS or a
no‐drain policy).8–10 To measure the impact of ERP,
postoperative complication rates or length of hospital
stay (LOS) have been commonly proposed as
straightforward proxies, but they have faced consider-
able criticism. Conversely, TO represents a composite
measure offering a comprehensive overview of favor-
able postoperative outcomes, thereby more accurately
reflecting hospital performance compared to individual
outcomes.18,34

Utilizing TO as a metric to assess the impact of ERP
aligns with logical reasoning, and to the best of our
knowledge, this was the first prospective multicenter
study focusing on this point.

We supposed that patients exposed to better peri-
operative care (high ERP compliance) were more likely

WORLD JOURNAL OF SURGERY - 2739
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T A B L E 1 Baseline characteristics of the study population.

Overall ERP protocol compliance

p‐value
<70% >70%

(n = 706) (n = 222) (n = 484)

Age (mean (SD*)) 60.04 (14.18) 60.66 (14.17) 59.75 (14.19) 0.431

Sex = M* (%) 384 (54.4) 138 (62.2) 246 (50.8) 0.006

BMI*>30 Kg/m2 = 1 (%) 140 (20.1) 50 (23.0) 90 (18.8) 0.227

Weight loss <0.001

From 2.5% to 5.9% 191 (27.1) 53 (23.9) 138 (28.5)

From 6.0% to 10.9%, 156 (22.1) 29 (13.1) 127 (26.2)

From 11.0% to 14.9%, 7 (1.0) 4 (1.8) 3 (0.6)

More than 15.0% 10 (1.4) 5 (2.3) 5 (1.0)

ASA* (%) 0.051

I 97 (13.7) 23 (10.4) 74 (15.3)

II 432 (61.2) 130 (58.6) 302 (62.4)

III 174 (24.6) 68 (30.6) 106 (21.9)

IV 3 (0.4) 1 (0.5) 2 (0.4)

Malignant disease (%) 560 (79.3) 187 (84.2) 373 (77.1) 0.037

Malignant disease, detail 0.001

Cholangiocarcinoma 43 (6.1) 20 (9.0) 23 (4.8)

Hepatocellular carcinoma 134 (19.0) 52 (23.4) 82 (16.9)

Colorectal metastasis 230 (32.6) 80 (36.0) 150 (31.0)

Non‐colorectal metastasis 148 (21.0) 32 (14.4) 116 (24.0)

Antiplatelet treatment (%) 86 (12.2) 26 (11.7) 60 (12.4) 0.893

Procedural characteristics (%)

Major hepatectomy 162 (22.9) 75 (33.8) 87 (18.0) <0.001

Minor hepatectomy 542 (76.8) 148 (66.7) 394 (81.4) <0.001

Local destruction 74 (10.5) 19 (8.6) 55 (11.4) 0.319

Difficulty classfication (IMM*) <0.001

I 351 (49.7) 91 (41.0) 260 (53.7)

II 196 (27.8) 59 (26.6) 137 (28.3)

III 159 (22.5) 72 (32.4) 87 (18.0)

Surgical approach (%) <0.001

Minimally invasive (laparoscopy) 300 (42.5) 53 (23.9) 247 (51.0)

Minimally invasive (robotic) 63 (8.9) 6 (2.7) 57 (11.8)

Conversion to laparoscopy 2 (0.3) 0 (0.0) 2 (0.4)

Open laparotomy 297 (42.1) 149 (67.1) 148 (30.6)

Conversion to open 44 (6.2) 14 (6.3) 30 (6.2)

Length of surgery <0.001

<90 min 125 (17.8) 26 (11.8) 99 (20.5)

90<minutes<180 258 (36.7) 56 (25.5) 202 (41.8)

>180 min 314 (44.7) 137 (62.3) 177 (36.6)

Unspecified 6 (0.9) 1 (0.5) 5 (1.0)
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to experience favorable outcomes (TO). This hypothe-
sis was confirmed by the observation that higher rates
of patients with high ERP compliance achieved TO after
LS, compared to those with low ERP compliance (TO
35.1%, n = 170 high ERP compliance, vs. TO 21.2%,
n = 47 with low ERP compliance, p < 0.001).

Nevertheless, the rates of TO achievement were
surprisingly low in whole cohort (n = 706) as well
(30.7%, n = 217), without any clear hypothesis
explaining this observation. Both the “LOS outcome”
(n = 401, 56.9%) and “postoperative complications”
(n = 413, 58.6%) were the two more difficult outcomes
to be achieved, similarly to previously published litera-
ture.20–24,34

High ERP compliance was an independent and
strong predictor of achieving TO, which aligns with the
hypothesis of this study: Better perioperative care might
be associated to better postoperative outcomes.
Together with high ERP, indication for LS other than
cholangiocarcinoma, low and mid‐complexity proced-
ures (IMM I‐II), absence of intraoperative hypotension
requiring vasopressors, and no post‐operative ileus
were predictors of TO.

Previous studies pointed out high rates of post-
operative complications, LOS35,36 and readmission37

among patients affected by cholangiocarcinoma,
compared to HCC or liver metastasis.3 Patients with
postoperative complications are less likely to experi-
ence early discharge, and are exposed to high risk of
hospital readmission. This sort of domino‐effect within
inter‐dependent outcomes may explain the lower rates
of TO in cholangiocarcinoma when compared to other
malignancies, as reported by studies focusing on TO
after LS.18,38,39

The inverse relationship between increasing surgi-
cal complexity and worst postoperative outcomes is

clearly established,29,32,40,41 even in the case of ERP,12

translating in lower rates of TO.34,42

The impact of hypotension during LS has been a
subject of prolonged debate, marked by evolving per-
spectives. Blood loss, a well‐established factor
contributing to hypotension, has long been recognized
as influential in the peri‐operative outcomes of patients
undergoing liver resection,1,43 as indicated by previous
studies focusing on perioperative strategies to minimize
blood loss.44 Conversely, alternative approaches, such
as maintaining low central venous pressure (CVP),
employing controlled hypotension, and utilizing vaso-
pressors, have been considered reliable solutions to
mitigate blood loss during LS.45–47

Controlled hypotension, inclusive of vasopressors,
emerges as a potentially favorable option during LS,
aiming to minimize blood loss with purportedly limited
repercussions on overall outcomes.48,49 This perspec-
tive contrasts with the findings of the present study.
Unfortunately, the available data within the cohort
lacked granularity, impeding the differentiation of
whether hypotension and vasopressor use were con-
sequences of excessive blood loss or deliberate mea-
sures to sustain a low CVP.

Postoperative ileus has the potential to extend the
duration of postoperative hospitalization, thus prevent-
ing from TO achievement. ERAS® recommendations in
LS, as outlined in prior literature10 and subsequent
updates,11 have delved into strategies aimed at
reducing the delay in gastric emptying and promoting
bowel movements.

Despite its prospective design, this study is subject
to typical limitations associated with multicenter pro-
spective registries. These limitations encompass
incomplete data, such as the administration of neo-
adjuvant chemotherapy, preoperative biliary drainage,

T A B L E 1 (Continued)

Overall ERP protocol compliance

p‐value
<70% >70%

(n = 706) (n = 222) (n = 484)

Intraoperative surgical complications (%) 0.030

None 654 (92.8) 197 (89.1) 457 (94.4)

Vascular injury 22 (3.1) 12 (5.4) 10 (2.1)

Modification of surgical strategy 18 (2.6) 9 (4.1) 9 (1.9)

Digestive tear 11 (1.6) 3 (1.4) 8 (1.7)

Intraoperative anesthesiological complications (%) 0.516

None 650 (92.2) 202 (91.4) 448 (92.6)

Hypotension AND vasoconstrictors (P max <60 mmHg) 42 (6.0) 16 (7.2) 26 (5.4)

Hypoxemia (SpO2 < 92%) 13 (1.8) 3 (1.4) 10 (2.1)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index, IMM, Institut Mutualiste Montsouris; SD, standard deviation; M, male.
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preoperative assessments including prior hepatic
volumetry, and subsequent peri‐operative strategies
implemented for major hepatectomies, absence of
long‐term oncologic follow‐up, and a notable hetero-
geneity in the realm of expertise. Some variables are
not captured by the registry, such as the socioeconomic
status of patients.

It should be noted that not all participating centers
handle comparable frequencies of benign lesions, he-
patocellular carcinoma, cholangiocarcinoma, colorectal,

andnon‐colorectalmetastases.Additionally, there exists
variability in thevolumeof casescontributedby individual
centers over the course of the study period. As already
reportedonapreviousstudyonERPandLS,12 inFrance,
the implementation of ERPs is not institutionally based
and relies oneachsurgeon responsible for the localERP,
thus introducing the possibility of selection bias for the
most suitable patients. The sole ERP variable with an
exceedingly low rate of application was perioperative
nutrition. The underlying reasons are missing but

T A B L E 2 Postoperative outcomes of the study population.

Overall ERP protocol compliance

p‐value
<70% >70%

(n = 706) (n = 222) (n = 484)

Postoperative complications = 1 (%) 413 (58.6) 120 (54.3) 293 (60.5) 0.140

Clavien–Dindo > III = 1 (%) 313 (49.1) 95 (48.7) 218 (49.3) 0.957

Stay in ICU* = 1 (%) <0.001

Yes 194 (27.5) 78 (35.3) 116 (24.0)

No 394 (55.9) 73 (33.0) 321 (66.3)

ND 117 (16.6) 70 (31.7) 47 (9.7)

Hospital LOS*, days (mean (SD*)) 6.45 (6.71) 9.03 (8.10) 5.27 (5.60) <0.001

Length of functional recovery, days (mean (SD*)) 6.28 (6.85) 8.68 (8.23) 5.18 (5.80) <0.001

Hospital discharge mode <0.001

Home 662 (94.0) 190 (86.4) 472 (97.5)

Rehabilitation facility 15 (2.1) 12 (5.5) 3 (0.6)

Home caregiver 9 (1.3) 6 (2.7) 3 (0.6)

Hospital at home 1 (0.1) 1 (0.5) 0 (0.0)

Nursing home 7 (1.0) 3 (1.4) 4 (0.8)

Follow‐up mode at home

Nurse = Y (%) 354 (70.2) 110 (76.9) 244 (67.6) 0.014

Phone calls = Y (%) 113 (27.1) 30 (23.8) 83 (28.5) 0.200

Caregiver network = 1 (%) 23 (4.6) 17 (11.9) 6 (1.7) <0.001

SMS Mobile = 1 (%) 5 (1.2) 4 (3.2) 1 (0.3) 0.016

Caregiver = 1 (%) 9 (1.8) 8 (5.6) 1 (0.3) <0.001

Administrative facilities (PRADO) = Y (%) 2 (0.4) 2 (1.4) 0 (0.0) 0.006

e‐Healthcare = 1 (%) 2 (0.5) 2 (1.6) 0 (0.0) 0.165

Patient participation = 1 (%) 167 (40.1) 69 (55.2) 98 (33.7) <0.001

Hospital readmission = 1 (%) 45 (6.4) 23 (10.4) 22 (4.5) 0.005

Hospital readmission, reasons (%) 0.008

Surgical 24 (3.4) 11 (5.0) 13 (2.7)

Medical complication 17 (2.4) 11 (5.0) 6 (1.2)

Other 4 (0.6) 1 (0.5) 3 (0.6)

None 659 (93.6) 197 (89.5) 462 (95.5)

Abbreviations: ICU, Intensive care unit; LOS, Length of stay; SD, Standard deviation.
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F I G U R E 1 Individual element compliance, study population. [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E 2 Textbook Outcome Distribution by Its Definition. The symbol * indicates p < 0.05. [Colour figure can be viewed at
wileyonlinelibrary.com]
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probably rely on a combination of logistical limitation and
absence of anticipation by the medical team.

This study suggested that patients with high
compliance tend to achieve ideal (textbook) outcomes
(TO), mirroring the overall quality across various per-
formance domains and highlighting the importance of
consistently applying ERPs in clinical practice. The use
of a single and consensual metric can simplify the
interpretation of ERP results rather than scattered
outcomes (e.g., reduction in LOS and overall compli-
cations but not severe complications). In other words,
analyzing quality trends through TO may be more
straightforward for both patients and clinicians, as
opposed to interpreting disparate individual perfor-
mance indicators.

Additionally, the use of textbook outcomes as an
assessment criterion appears to be reproducible and
could standardize the presentation of results in future
studies, enabling for continuous quality monitoring and
increasing comparability for future meta‐analysis.

5 | CONCLUSIONS

Patients exhibiting high compliance with enhanced re-
covery program experience elevated rates of achieving
TO after LS. Subsequent research endeavors will delve
into the correlation between TO and oncologic out-
comes, including time‐to‐chemotherapy, disease‐free
survival, and overall survival.

T A B L E 3 Textbook Outcome distribution by its definition.

Overall ERP protocol compliance

p
<70% >70%

(n = 706) (n = 222) (n = 484)

Textbook outcomes achieved, n (%) 217 (30.7) 47 (21.2) 170 (35.1) <0.001

1) Negative margins, n (%) 622 (88.5) 196 (89.5) 426 (88.0) 0.658

2) No perioperative transfusion, n (%) 671 (95.0) 199 (89.6) 472 (97.5) <0.001

3) No complications, n (%) 413 (58.6) 120 (54.3) 293 (60.5) 0.140

4) No prolonged hospital stay (<50 percentile), n (%) 401 (56.9) 76 (34.4) 325 (67.1) <0.001

5) No 30‐day readmission, n (%) 660 (93.6) 198 (89.6) 462 (95.5) 0.005

6) No 30‐day mortality, n (%) 694 (98.3) 212 (95.5) 482 (99.6) <0.001

F I G U R E 3 IMM Surgical difficulty, TO achievement and ERP compliance (number of ERP items achieved). [Colour figure can be viewed at
wileyonlinelibrary.com]
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WORLD JOURNAL OF SURGERY - 2745

 14322323, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

js.12345 by U
niversité D

e L
iège, W

iley O
nline L

ibrary on [03/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Conceptualization; data curation; formal analysis;
investigation; resources; supervision; validation; visu-
alization; writing – review & editing. Aziz Atallah:
Conceptualization; data curation; formal analysis;
investigation; methodology; project administration; re-
sources; supervision; validation; visualization; writing –
original draft; writing – review & editing. Giuliana
Amaddeo: Data curation; investigation; resources; su-
pervision; validation; visualization; writing – review &
editing. Daniele Sommacale: Conceptualization; data
curation; formal analysis; investigation; project admin-
istration; resources; supervision; validation; visualiza-
tion; writing – review & editing. Karem Slim:
Conceptualization; data curation; formal analysis;
investigation; methodology; project administration; re-
sources; supervision; validation; visualization; writing –
review & editing. Raffaele Brustia: Conceptualization;
data curation; formal analysis; investigation; method-
ology; project administration; resources; software; su-
pervision; validation; visualization; writing – original
draft; writing – review & editing.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST STATEMENT
KS: B‐Braun, Coloplast, MSD, Sanofi. RB, PM, and DS:
none.

ETHICS STATEMENT
The study was performed in accordance with the ethical
standards as laid down in the 1964 Declaration of
Helsinki and its later amendments.

ORCID
Guillaume Passot https://orcid.org/0000-0003-3094-
3491
Gabriel Thierry https://orcid.org/0000-0002-2712-
4623
Raffaele Brustia https://orcid.org/0000-0001-6426-
9533

REFERENCES
1. Kamiyama Toshiya, Nakanishi Kazuaki, Yokoo Hideki, Kamachi

Hirofumi, Tahara Munenori, Yamashita Kenichiro, Taniguchi,
Masahiko, Shimamura, Tsuyoshi, Matsushita, Michiaki, Todo,
Satoru. Perioperative Management of Hepatic Resection toward
Zero Mortality and Morbidity: Analysis of 793 Consecutive
Cases in a Single Institution. Journal of the American College of
Surgeons. 2010;211(4):443–9. https://doi.org/10.1016/j.
jamcollsurg.2010.06.005

2. Poon Ronnie T., Fan Sheung Tat, Lo Chung Mau, Liu
Chi Leung, Lam Chi Ming, Yuen Wai Key, Yeung, Chun, Wong,
John. Improving Perioperative Outcome Expands the Role of
Hepatectomy in Management of Benign and Malignant Hep-
atobiliary Diseases. Analysis of 1222 Consecutive Patients from
a Prospective Database. Annals of Surgery. 2004;240(4):698–
710. https://doi.org/10.1097/01.sla.0000141195.66155.0c.

3. Brustia R., Fleres F., Tamby E., Rhaiem, R., Piardi, T., Kian-
manesh, R., Sommacale, D. Postoperative Collections after
Liver Surgery: Risk Factors and Impact on Long‐Term Out-
comes. J Visc Surg. 2020;157(3):199–209. https://doi.org/10.
1016/j.jviscsurg.2019.09.005.

4. Margonis, Georgios Antonios, Kazunari Sasaki, Nikolaos
Andreatos, Yujiro Nishioka, Toshitaka Sugawara, Neda Amini,
Stefan Buettner, Masaji Hashimoto, Junichi Shindoh, and
Timothy M. Pawlik. 2017. “Prognostic Impact of Complications
after Resection of Early Stage Hepatocellular Carcinoma.”
Journal of Surgical Oncology 115(7): 791–804. https://doi.org/
10.1002/jso.24576.

5. Farges Olivier, Goutte Nathalie, Bendersky Noelle, Falissard
Bruno, Incidence and Risks of Liver Resection: an All‐Inclusive
French Nationwide Study. Annals of Surgery 2012 ;256(5): 697–
705. https://doi.org/10.1097/SLA.0b013e31827241d5

6. Dokmak Safi, Farges Olivier, Belghiti Jacques. Liver Resections
in the 21st Century: We Are Far from Zero Mortality. Interna-
tional Hepato‐Pancreato‐Biliary Association. 2013;15(11):908–
15. https://doi.org/10.1111/hpb.12069

7. Matsuda Akihisa, Matsumoto Satoshi, Seya Tomoko, Matsutani,
Takeshi, Kishi, Taro, Yokoi, Kimiyoshi, Wang, Ping, Uchida, Eiji.
Does Postoperative Complication Have a Negative Impact on
Long‐Term Outcomes Following Hepatic Resection for Colorectal
Liver Metastasis? a Meta‐Analysis. Annals of Surgical Oncology.
2013;20(8):2485–92. https://doi.org/10.1245/s10434‐013‐2972‐z

8. Kehlet Henrik. Fast‐track Colorectal Surgery. Lancet. 2008;
371(9615):791–3. https://doi.org/10.1016/S0140‐6736(08)
60357‐8.

9. Ljungqvist Olle, Scott Michael, Fearon Kenneth C. Enhanced
Recovery after Surgery. JAMA Surg 2017; 152(3):292–8. https://
doi.org/10.1001/jamasurg.2016.4952.

10. Melloul Emmanuel, Hübner Martin, Scott Michael, Snowden,
Chris, Prentis, James,Dejong, CornelisH. C., Garden,O. James,
et al. Guidelines for Perioperative Care for Liver Surgery:
Enhanced Recovery after Surgery (ERAS) Society Recommen-
dations.World Journal of Surgery. 2016;40(10):2425–40. https://
doi.org/10.1007/s00268‐016‐3700‐1

11. Joliat, G.‐Romain, Kosuke Kobayashi, Kiyoshi Hasegawa, J.‐
Edwin Thomson, Robert Padbury, Michael Scott, Raffaele
Brustia, et al. 2023. “Guidelines for Perioperative Care for Liver
Surgery: Enhanced Recovery after Surgery (ERAS) Society
Recommendations 2022.” World Journal of Surgery 47(1): 11–
34. https://doi.org/10.1007/s00268‐022‐06732‐5.

12. Brustia Raffaele, Mariani Pascale, Sommacale Daniele, Slim
Karem. , Cotte, Eddy, Goater, Philippe, Queinnec, Marie, et al.
The Impact of Enhanced Recovery Program Compliance after
Elective Liver Surgery: Results from a Multicenter Prospective
National Registry. Surgery. 2021;170(5):P1457–66. https://doi.
org/10.1016/j.surg.2021.05.036

13. Noba L., Rodgers S., Chandler C., Balfour A., Hariharan D., Yip
V. S. Enhanced Recovery after Surgery (ERAS) Reduces
Hospital Costs and Improve Clinical Outcomes in Liver Surgery:
a Systematic Review and Meta‐Analysis. Journal of Gastroin-
testinal Surgery 2020;24(4):918–32. https://doi.org/10.1007/
s11605‐019‐04499‐0.

14. St‐Amour Pénélope, St‐Amour Pascal, Joliat G.‐Romain, Eckert,
Aude, Labgaa, Ismail, Roulin, Didier, Demartines, Nicolas, Melloul,
Emmanuel. Impact of ERAS Compliance on the Delay between
Surgery and Adjuvant Chemotherapy in Hepatobiliary and
Pancreatic Malignancies. Langenbeck's Archives of Surgery.
2020;405(7):959–66.https://doi.org/10.1007/s00423‐020‐01981‐1.

15. Dimick Justin B., Staiger Douglas O., Osborne Nicholas H.,
Nicholas Lauren H., Birkmeyer John D. Composite Measures
for Rating Hospital Quality with Major Surgery. Health Services
Research. 2012;47(5):1861–79. https://doi.org/10.1111/j.1475‐
6773.2012.01407.x

2746 - GOSSE ET AL.

 14322323, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

js.12345 by U
niversité D

e L
iège, W

iley O
nline L

ibrary on [03/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-3094-3491
https://orcid.org/0000-0003-3094-3491
https://orcid.org/0000-0003-3094-3491
https://orcid.org/0000-0002-2712-4623
https://orcid.org/0000-0002-2712-4623
https://orcid.org/0000-0002-2712-4623
https://orcid.org/0000-0001-6426-9533
https://orcid.org/0000-0001-6426-9533
https://orcid.org/0000-0001-6426-9533
https://doi.org/10.1016/j.jamcollsurg.2010.06.005
https://doi.org/10.1016/j.jamcollsurg.2010.06.005
https://doi.org/10.1097/01.sla.0000141195.66155.0c
https://doi.org/10.1016/j.jviscsurg.2019.09.005
https://doi.org/10.1016/j.jviscsurg.2019.09.005
https://doi.org/10.1002/jso.24576
https://doi.org/10.1002/jso.24576
https://doi.org/10.1097/SLA.0b013e31827241d5
https://doi.org/10.1111/hpb.12069
https://doi.org/10.1245/s10434-013-2972-z
https://doi.org/10.1016/S0140-6736(08)60357-8
https://doi.org/10.1016/S0140-6736(08)60357-8
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1007/s00268-016-3700-1
https://doi.org/10.1007/s00268-016-3700-1
https://doi.org/10.1007/s00268-022-06732-5
https://doi.org/10.1016/j.surg.2021.05.036
https://doi.org/10.1016/j.surg.2021.05.036
https://doi.org/10.1007/s11605-019-04499-0
https://doi.org/10.1007/s11605-019-04499-0
https://doi.org/10.1007/s00423-020-01981-1
https://doi.org/10.1111/j.1475-6773.2012.01407.x
https://doi.org/10.1111/j.1475-6773.2012.01407.x


16. Dimick Justin B., Staiger Douglas O., Baser Onur, Birkmeyer
John D. Composite Measures for Predicting Surgical Mortality in
the Hospital. Health Affairs. 2009;28(4):1189–98. https://doi.org/
10.1377/hlthaff.28.4.1189

17. Dimick Justin B., Birkmeyer Nancy J., Finks Jonathan F., Share,
David A., English, Wayne J., Carlin, Arthur M., Birkmeyer,
John D. Composite Measures for Profiling Hospitals on Bariatric
Surgery Performance. JAMA Surg. 2014;149(1):10–6. https://
doi.org/10.1001/jamasurg.2013.4109

18. Merath Katiuscha, Chen, Qinyu, Bagante, Fabio, Alexandrescu,
Sorin, Marques, Hugo P., Aldrighetti, Luca, Maithel, Shishir K.,
et al. A Multi‐Institutional International Analysis of Textbook
Outcomes Among Patients Undergoing Curative‐Intent Resec-
tion of Intrahepatic Cholangiocarcinoma. JAMA Surg.
2019;154(6):e190571. https://doi.org/10.1001/jamasurg.2019.
0571.

19. Kolfschoten N. E., Kievit J., Gooiker G. A., van Leersum, N. j.,
Snijders, H. S., Eddes, E. H., Tollenaar, R. A. E. M., Wouters,
M. W. J. M., Marang‐van de Mheen, P. J. Focusing on Desired
Outcomes of Care after Colon Cancer Resections; Hospital
Variations in ‘textbook Outcome’. European Journal of Surgical
Oncology. 2013;39(2):156–63. https://doi.org/10.1016/j.ejso.
2012.10.007

20. Hobeika Christian, Nault, Jean Charles, Barbier, Louise,
Schwarz, Lilian, Lim, Chetana, Laurent, Alexis, Gay, Suzanne,
et al. Influence of Surgical Approach and Quality of Resection
on the Probability of Cure for Early‐Stage HCC Occurring in
Cirrhosis. JHEP Rep. 2020;2(6):100–53. https://doi.org/10.
1016/j.jhepr.2020.100153

21. Turco, Célia, Christian Hobeika, M.‐Antoine Allard, Nicolas
Tabchouri, Raffaele Brustia, Tu Nguyen, François Cauchy, et al.
2023. “Open versus Laparoscopic Right Hepatectomy for He-
patocellular Carcinoma Following Sequential TACE‐PVE: A
Multicentric Comparative Study.” Annals of Surgical Oncology
30(11): 6615–25. https://doi.org/10.1245/s10434‐023‐13752‐5.

22. Genser, Laurent, Chetana Lim, Louise Barbier, J.‐Marc
Regimbeau, Christian Hobeika, Claire Goumard, Alexis Laurent,
et al. 2022. “Assessment of Factors Associated with Morbidity
and Textbook Outcomes of Laparoscopic Liver Resection in
Obese Patients: A French Nationwide Study.” Journal of the
American College of Surgeons 235(2): 159–71. https://doi.org/
10.1097/XCS.0000000000000221.

23. Hobeika, C., F. Cauchy, D. Fuks, L. Barbier, J. M. Fabre, E.
Boleslawski, J. M. Regimbeau, et al. 2021. “Laparoscopic
versus Open Resection of Intrahepatic Cholangiocarcinoma:
Nationwide Analysis.” British Journal of Surgery 108(4): 419–26.
https://doi.org/10.1093/bjs/znaa110.

24. Brustia, Raffaele, Alexis Laurent, Claire Goumard, Serena
Langella, Daniel Cherqui, Takayuki Kawai, Olivier Soubrane,
et al. 2022. “Laparoscopic versus Open Liver Resection for
Intrahepatic Cholangiocarcinoma: Report of an International
Multicenter Cohort Study with Propensity Score Matching.”
Surgery 171(5): 1290–302. https://doi.org/10.1016/j.surg.2021.
08.015.

25. von Elm, Erik, Douglas G. Altman, Matthias Egger, Stuart J.
Pocock, Peter C. Gøtzsche, and Jan P. Vandenbroucke. 2007.
“The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement: Guidelines for Reporting
Observational Studies.” Lancet 370(9596): 1453–7. https://doi.
org/10.1016/S0140‐6736(07)61602‐X.

26. Elias, K. M., A. B. Stone, Mcginigle Katharine, et al. 2019. “The
Reporting on ERAS Compliance, Outcomes, and Elements
Research (RECOvER) Checklist: A Joint Statement by the
ERAS Ò and ERAS Ò USA Societies on Behalf of the ERASÒ
Society and ERASÒ USA.” World Journal of Surgery 43: 1–8.
https://doi.org/10.1007/s00268‐018‐4753‐0.

27. Brustia, R., K. Slim, and O. Scatton. 2019. “Enhanced Recovery
after Liver Surgery.” Journal of Visceral Surgery 156(2): 127–37:

Published online November 2018. https://doi.org/10.1016/j.
jviscsurg.2018.10.007.

28. Kawaguchi Yoshikuni, Fuks David, Kokudo Norihiro, Gayet
Brice. Difficulty of Laparoscopic Liver Resection: Proposal for a
New Classification. Annals of Surgery. 2018;267(1):13–7.
https://doi.org/10.1097/SLA.0000000000002176

29. Kawaguchi Y., Hasegawa K., Tzeng C.‐W. D., Mizuno, T., Arita,
J., Sakamoto, Y., Chun, Y. S., Aloia, T. A., Kokudo, N., Vauthey,
J.‐N. Performance of a Modified Three‐Level Classification in
Stratifying Open Liver Resection Procedures in Terms of
Complexity and Postoperative Morbidity. British Journal of
Surgery. 2020;107(3):258–67. https://doi.org/10.1002/bjs.
11351.

30. Currie A., Burch J., Jenkins J. T., et al. The Impact of Enhanced
Recovery Protocol Compliance on Elective Colorectal Cancer
Resection: Results from an International Registry. Annals of
Surgery. 2015;261(6):1153–9. https://doi.org/10.1097/SLA.
0000000000001029.

31. Gustafsson Ulf O., Oppelstrup Henrik, Thorell Anders, Nygren
Jonas, Ljungqvist Olle. Adherence to the ERAS Protocol Is
Associated with 5‐year Survival after Colorectal Cancer Sur-
gery: a Retrospective Cohort Study. World Journal of Surgery.
2016;40(7):1741–7. https://doi.org/10.1007/s00268‐016‐3460‐y

32. Kawaguchi, Yoshikuni, David Fuks, Norihiro Kokudo, and Brice
Gayet. 2018. “Difficulty of Laparoscopic Liver Resection.”
Annals of Surgery 267(1): 13–7. https://doi.org/10.1097/SLA.
0000000000002176.

33. Kawaguchi, Y., K. Hasegawa, C. W. D. Tzeng, T. Mizuno, J.
Arita, Y. Sakamoto, Y. S. Chun, T. A. Aloia, N. Kokudo, and J.‐
N. Vauthey. 2019. “Performance of a Modified Three‐Level
Classification in Stratifying Open Liver Resection Procedures
in Terms of Complexity and Postoperative Morbidity.” British
Journal of Surgery 11(3): 258–67: Published online October.
https://doi.org/10.1002/bjs.11351.

34. Mohamed, Abdimajid, Laura Nicolais, and Timothy L. Fitzger-
ald. 2023. “Textbook Outcome as a Composite Measure of
Quality in Hepaticopancreatic Surgery.” J Hepatobiliary Pan-
creat Sci 30(10): 1172–9. https://doi.org/10.1002/jhbp.1351.

35. van Keulen, A.‐Marleen, Stefan Büttner, Joris I. Erdmann, Jer-
oen Hagendoorn, Frederik J. H. Hoogwater, Jan N. M. Ijzer-
mans, Ulf P. Neumann, et al. 2022. “Major Complications and
Mortality after Resection of Intrahepatic Cholangiocarcinoma: A
Systematic Review and Meta‐Analysis.” Surgery 173(4): 973–
82: Published online. https://doi.org/10.1016/J.SURG.2022.
11.027.

36. Spolverato, Gaya, Mohammad Y. Yakoob, Yuhree Kim, Sorin
Alexandrescu, Hugo P. Marques, Jorge Lamelas, Luca
Aldrighetti, et al. 2015. “Impact of Complications on Long‐Term
Survival after Resection of Intrahepatic Cholangiocarcinoma.”
Cancer 121(16): 2730–9. https://doi.org/10.1002/cncr.29419.

37. Spolverato, Gaya, Hadia Maqsood, Alessandro Vitale, Sorin
Alexandrescu, Hugo P. Marques, Luca Aldrighetti, T. Clark
Gamblin, et al. 2015. “Readmission after Liver Resection for
Intrahepatic Cholangiocarcinoma: a Multi‐Institutional Analysis.”
Journal of Gastrointestinal Surgery 19(7): 1334–41. https://doi.
org/10.1007/s11605‐015‐2826‐z.

38. Mclauchlan, Jared, Kirsten de Burlet, Maria Nonis, Todd Hore,
and Saxon Connor. 2023. “Textbook Outcomes for Liver
Resection: Can a Medium Sized Centre Have Acceptable Out-
comes?” ANZ Journal of Surgery 93(12): 2892–6: Published
online October 2. https://doi.org/10.1111/ans.18724.

39. Clocchiatti, Lucrezia,RebeccaMarino, FrancescaRatti, Federica
Pedica, Andrea Casadei Gardini, Dario Lorenzin, and Luca
Aldrighetti. 2023. “Defining and Predicting Textbook Outcomes
for Perihilar Cholangiocarcinoma: Analysis of Factors Improving
of Achievement of Desired Post‐operative Outcomes. Retro-
spective Cohort Study.” International Journal of Surgery 110(1):
209–18. https://doi.org/10.1097/JS9.0000000000000793.

WORLD JOURNAL OF SURGERY - 2747

 14322323, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

js.12345 by U
niversité D

e L
iège, W

iley O
nline L

ibrary on [03/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1377/hlthaff.28.4.1189
https://doi.org/10.1377/hlthaff.28.4.1189
https://doi.org/10.1001/jamasurg.2013.4109
https://doi.org/10.1001/jamasurg.2013.4109
https://doi.org/10.1001/jamasurg.2019.0571
https://doi.org/10.1001/jamasurg.2019.0571
https://doi.org/10.1016/j.ejso.2012.10.007
https://doi.org/10.1016/j.ejso.2012.10.007
https://doi.org/10.1016/j.jhepr.2020.100153
https://doi.org/10.1016/j.jhepr.2020.100153
https://doi.org/10.1245/s10434-023-13752-5
https://doi.org/10.1097/XCS.0000000000000221
https://doi.org/10.1097/XCS.0000000000000221
https://doi.org/10.1093/bjs/znaa110
https://doi.org/10.1016/j.surg.2021.08.015
https://doi.org/10.1016/j.surg.2021.08.015
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1007/s00268-018-4753-0
https://doi.org/10.1016/j.jviscsurg.2018.10.007
https://doi.org/10.1016/j.jviscsurg.2018.10.007
https://doi.org/10.1097/SLA.0000000000002176
https://doi.org/10.1002/bjs.11351
https://doi.org/10.1002/bjs.11351
https://doi.org/10.1097/SLA.0000000000001029
https://doi.org/10.1097/SLA.0000000000001029
https://doi.org/10.1007/s00268-016-3460-y
https://doi.org/10.1097/SLA.0000000000002176
https://doi.org/10.1097/SLA.0000000000002176
https://doi.org/10.1002/bjs.11351
https://doi.org/10.1002/jhbp.1351
https://doi.org/10.1016/J.SURG.2022.11.027
https://doi.org/10.1016/J.SURG.2022.11.027
https://doi.org/10.1002/cncr.29419
https://doi.org/10.1007/s11605-015-2826-z
https://doi.org/10.1007/s11605-015-2826-z
https://doi.org/10.1111/ans.18724
https://doi.org/10.1097/JS9.0000000000000793


40. Kato, Yutaro, Atsushi Sugioka, Masayuki Kojima, Nicholas L. Syn,
WangZhongkai,RongLiu,FedericaCipriani, et al. 2023. “Impact of
TumorSize on theDifficulty of LaparoscopicMajorHepatectomies:
An International Multicenter Study.” Annals of Surgical Oncology
30(11): 6628–36. https://doi.org/10.1245/s10434‐023‐13863‐z.

41. Montalti, Roberto, Mariano Cesare Giglio, Andrew G. R. Wu, Fed-
erica Cipriani, Mizelle D’Silva, Amal Suhool, Phan Phuoc Nghia,
et al. 2023. “RiskFactorsandOutcomesofOpenConversionduring
Minimally Invasive Major Hepatectomies: An International Multi-
center Study on 3880 Procedures Comparing the Laparoscopic
and Robotic Approaches.” Annals of Surgical Oncology 30(8):
4783–96. https://doi.org/10.1245/s10434‐023‐13525‐0.

42. Khajeh, Elias, Sanam Fakour, Umut Kaan Ünal, Nastaran
Sabetkish, Johannes Leins, Ali Ramouz, Markus Mieth, et al.
2023. “Assessing Textbook Outcomes Following Major Liver
Surgery in Association with Obesity at a Referral Academic
Center.” European Journal of Surgical Oncology 49(11):
107080. https://doi.org/10.1016/j.ejso.2023.107080.

43. Ejaz, Aslam, Faiz Gani, Steven M. Frank, and Timothy M.
Pawlik. 2016. “Improvement of the Surgical Apgar Score by
Addition of Intraoperative Blood Transfusion Among Patients
Undergoing Major Gastrointestinal Surgery.” Journal of
Gastrointestinal Surgery 20(10): 1752–9. https://doi.org/10.
1007/s11605‐016‐3234‐8.

44. Gurusamy, Kurinchi Selvan, Jun Li, Jessica Vaughan, Dinesh
Sharma, and Brian R. Davidson. 2012. “Cardiopulmonary In-
terventions to Decrease Blood Loss and Blood Transfusion
Requirements for Liver Resection.” Cochrane Database of
Systematic Reviews 2012(5): CD007338. https://doi.org/10.
1002/14651858.CD007338.pub3.

45. Nakamoto, Shiroh, Tsuneo Tatara, Takuma Okamoto, and
Munetaka Hirose. 2019. “Complex Effects of Continuous
Vasopressor Infusion on Fluid Responsiveness during Liver
Resection: A Randomised Controlled Trial.” European Journal
of Anaesthesiology 36(9): 667–75. https://doi.org/10.1097/EJA.
0000000000001046.

46. Hughes, Michael J., Nicholas T. Ventham, Ewen M. Harrison,
and Stephen J. Wigmore. 2015. “Central Venous Pressure and
Liver Resection: a Systematic Review and Meta‐Analysis.” HPB
(Oxford) 17(10): 863–71. https://doi.org/10.1111/hpb.12462.

47. Liu, T.‐shuai, Qi‐hong Shen, Xu‐yan Zhou, Xu‐ Shen, Lan Lai,
X.‐min Hou, and Ke Liu. 2021. “Application of Controlled Low
Central Venous Pressure during Hepatectomy: A Systematic
Review and Meta‐Analysis.” Journal of Clinical Anesthesia 75:
110467. https://doi.org/10.1016/j.jclinane.2021.110467.

48. Lorenzo, Cedric S. F., Whitney M. L. Limm, Fedor Lurie, and
Linda L. Wong. 2005. “Factors Affecting Outcome in Liver
Resection.” HPB (Oxford) 7(3): 226–30. https://doi.org/10.1080/
13651820510028864.

49. Gelman, Simon. 2020. “Is Goal‐Directed Haemodynamic Ther-
apy Dead?” European Journal of Anaesthesiology 37(3): 159–
61. https://doi.org/10.1097/EJA.0000000000001118.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this
article.

2748 - GOSSE ET AL.

 14322323, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

js.12345 by U
niversité D

e L
iège, W

iley O
nline L

ibrary on [03/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1245/s10434-023-13863-z
https://doi.org/10.1245/s10434-023-13525-0
https://doi.org/10.1016/j.ejso.2023.107080
https://doi.org/10.1007/s11605-016-3234-8
https://doi.org/10.1007/s11605-016-3234-8
https://doi.org/10.1002/14651858.CD007338.pub3
https://doi.org/10.1002/14651858.CD007338.pub3
https://doi.org/10.1097/EJA.0000000000001046
https://doi.org/10.1097/EJA.0000000000001046
https://doi.org/10.1111/hpb.12462
https://doi.org/10.1016/j.jclinane.2021.110467
https://doi.org/10.1080/13651820510028864
https://doi.org/10.1080/13651820510028864
https://doi.org/10.1097/EJA.0000000000001118

	Optimal results through enhanced recovery: Achieving textbook outcomes with high compliance in elective liver surgery
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study design
	2.2 | Textbook outcomes
	2.3 | Patient population
	2.4 | Data source and collection
	2.5 | Variables
	2.6 | Comparison
	2.7 | Outcomes
	2.8 | Statistical methods
	2.8.1 | Statistical software

	2.9 | Descriptive statistics
	2.10 | Definition of variables predicting TO achievement

	3 | RESULTS
	3.1 | Primary outcome: Rates of textbook outcomes according to ERP compliance
	3.2 | Secondary outcomes
	3.2.1 | Enhanced recovery protocol compliance
	3.2.2 | Textbook outcome distribution
	3.2.3 | Predictors of textbook outcomes achievement


	4 | DISCUSSION
	5 | CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT


