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Abstract

Background: In general surgery residency, hepatobiliary training varies significantly across the world.

The aim of this study was to establish an international consensus among hepatobiliary surgeons on

components of a hepatobiliary curriculum for general surgery residents.

Methods: A three-round modified Delphi technique was employed. Fifty-two hepatobiliary surgeons

involved in general surgery training programs were invited. An initial questionnaire was developed by a

group of experts in hepatobiliary and educational research after a systematic literature review. It

comprised 90 statements about knowledge, technical skills, attitudes, and postoperative care. Panelists

could add or alter items. The survey was delivered electronically and the panel was instructed to score

the items based on 5-point Likert scale. Consensus was reached when at least 80% of panelists agreed

on a statement with Cronbach’s alpha value >0.8.

Results: Forty-one (79%) experts have participated. Sixteen panelists are based in Asia, 14 in Europe,

and 11 in the Americas. Eighty percent of all proposed skills (81/101) were considered fundamental

including knowledge (39/43), technical skills (16/32), attitude (15/15), and postoperative care (11/11).

Conclusion: An international consensus was achieved on components of a hepatobiliary curriculum.

Acquiring broad knowledge is fundamental during residency. Advanced liver resection techniques

require specialized hepatobiliary training.
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Introduction

Hepatobiliary surgery has always been an essential part of general
surgery training programs, but the learning objectives, content
and integration into the existing curricula needs to be improved.1
* FULCRUM (FUndamental Components of Liver Surgery CuRriculUM)

research group comprises panelists who contributed to the Delphi process,

listed in alphabetic order. All members have critically revised the article for

important intellectual content and gave final approval of the version to be

published.
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The widespread move toward subspecialization has limited the
training opportunities for general surgery residents. In many
countries hepatobiliary procedures are mostly performed by
fellowship-trained surgeons in hepatopancreatobiliary, surgical
oncology, or abdominal transplantation.2,3 The impact of
subspecialization on general surgery residency programs varies
among institutions worldwide. While the outcome of training
ultimately depends on objectives of individual residents and
programs, it is important to develop a stepwise curriculum and
to standardize the training.2,4,5
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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In a survey-based assessment of graduated general surgeons
entering surgical subspecialty fellowships in North America,
fellowship program directors have raised concerns that general
surgery residents are inadequately prepared to enter independent
surgical practice or postgraduate subspecialty training.6 To
resolve the inadequacy of the general surgery training programs
and standardize training, minimum skill requirements have been
defined by worldwide medical and surgical councils. Despite
research in some centers to evaluate the implementation of these
criteria, training in hepatobiliary surgery during general surgery
residency is still far from being standardized.7 For instance, in the
United States, according to Accreditation Council of Graduate
Medical Education (ACGME), the minimum number of 5 liver
procedures, and 85 biliary procedures are required during gen-
eral surgery residency,8 while the European Union of Medical
Specialist (UEMS) has proposed a minimum number of 20 Liver
and spleen (e.g. biopsy, organ injury, resection) and 50 biliary
tract procedures, to be qualified as a general surgeon. Of note, in
this curriculum, hepatobiliary surgery is categorized under the
large group of abdominal surgeries and as such, numeric deficits
in one or more subcategories can be compensated by higher
numbers in other groups.9 Thus, in hepatobiliary surgical edu-
cation, improving the current curricula and standardizing
training programs are priorities in multi-institutional surgical
education research.10 A consensus among experts is a recognized
strategy for program planning, needs assessment and curriculum
development.11 Among the available methods, the Delphi tech-
nique is a well suited tool to achieve a consensus of opinions
concerning a specific topic.12,13

While every training curriculum is designed to supply local
needs of health care systems and, therefore, varies widely across
the world, an international approach to training may create a
valuable resource to share experiences and to learn one from
another. The aim of this study was to establish an international
expert consensus by means of modified Delphi methodology on
the fundamental skills that general surgery residents should ac-
quire in hepatobiliary surgery. The Delphi panel will define the
key competencies of hepatobiliary surgery to be considered when
developing general surgery residency curricula.
Methods

Study design
This study was approved by the Ethical Committee of Ghent
University Hospital in Belgium (IRB Approval No.
B670201939600). The modified Delphi technique using online
questionnaires was employed to obtain an international expert
consensus on learning objectives of residency programs in
hepatobiliary surgery. The Delphi methodology applies a blin-
ded, structured, and interactive communication, where experts
evaluate and re-evaluate statements in successive rounds toward
collective agreement. The premise is to enhance individual
judgment based on pooled intelligence without being physically
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assembled.11,14 In the conventional Delphi technique the first
round statements are formulated by the panel,15,16 while in this
study, a modified Delphi method through exploring the hepa-
tobiliary surgery literature was used.17,18 The Delphi statements
were defined by a research group based on results of a sys-
tematic literature review, with focus on liver surgery education,
according to the PRISMA guidelines.19 MEDLINE through
PubMed, Web of Science, Embase, Education Resource Infor-
mation Center (ERIC) databases, conference proceedings, and
gray literature including online national and international syl-
labuses, and curricula for hepatobiliary surgery, were searched.
The objectives of different training programs, learned contents
in three learning domains (knowledge, psychomotor and af-
fective), implementation in surgical training curricula, and
details of published curricula were considered in designing the
items. The research group comprised three attending hepato-
biliary surgeons experienced in liver surgery and surgical edu-
cation from different continents (R.T, Z.M, A.A), two
consultants competent in educational research (I.V.H, W.W),
and one Ph.D. candidate conducting research on liver surgery
education (N.R). None of these individuals participated in the
Delphi rounds. After thorough discussion among the research
group members, the initial questionnaire consisted of 90
statements and were categorized into knowledge, technical
skills, attitude, and postoperative care. Demographic informa-
tion of the selected Delphi participants, type of medical insti-
tution where they provide care, and type of hepatobiliary
surgeries performed in their centers were collected in the first
Delphi round.

Expert panel recruitment
The members of the expert panel were selected by purposive
sampling based on their wealth of experience in liver surgery and
contributions to general surgery training programs. An expert
was defined as a currently practicing hepatobiliary surgeon who
works in a teaching/university hospital and performs or super-
vises a minimum of 100 hepatobiliary procedures including at
least 20 major hepatectomies annually. Although there is no
consensus on the Delphi panel size in literature, 5 to 10 panelists
in homogeneous groups and 15 to 30 panelists in heterogeneous
populations have been recommended in previous studies.11,20,21

The study aimed to have at least 10 participants from each
continent (Asia, Europe and the Americas) and expected a
response rate of approximately 60%. All participants gave written
informed consent and their identity remained blinded during the
study.

Delphi rounds
The study was performed utilizing an online platform
(Survey Monkey® Inc., San Mateo, CA, USA). The Delphi
was composed of two classic rounds and one extra round to
validate the final components of the curriculum by the
panelists. Each round was delivered via a personalized email,
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Represented countries from different continents

Country Economy-Income Participants

Hong Kong, China High 1

Iran Upper middle 1

Japan High 9

Saudi Arabia High 1

South Korea High 2

Taiwan High 2

Belgium High 2

France High 2

Germany High 2

Italy High 5

Spain High 2

Switzerland High 1

Canada High 1

Mexico Upper middle 1

United States of America High 9
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including a link to the survey and instruction for panelists.
Participants were asked to rate the statements to be included
in the curriculum based on a 5-point Likert scale from ‘1,
Strongly disagree’ to ‘5, Strongly agree’. Prospective valida-
tion of the survey warranted no missing data. The panel had
4 weeks to answer each round and up to 4 reminders were
sent to non-responders. In case of no email response, par-
ticipants were contacted by phone to avoid dropout between
rounds. Free text boxes were available to comment and to
suggest modification of statements. Experts were also
encouraged to propose additional items or to remove
statements that did not fit in the scope of general surgery
training. Items were removed when more than two partici-
pants recommended that the statement was not in the level
of general surgery practice. New statements and modifica-
tions proposed by panelists were collected and discussed in
the research group to rephrase for clarity and were subse-
quently incorporated into the next round questionnaires.
After the first round, the results were anonymously analyzed

and the suggested adjustments were applied by the research
team. The distributions of scores (mean and standard deviation)
and the agreement status (the percentage of panelists who
scored � 4) for each statement from the first round were
circulated within the round 2 questionnaire. After data analysis
of the second round, a third round was distributed to the par-
ticipants containing the cumulative results of the previous
rounds, a list of statements achieving consensus, and remaining
items. Participants were requested to vote whether they agreed or
disagreed to remove statements on which consensus was not met
in two rounds.

Definition of consensus
Panel agreement was defined as 80% (32/41) or more of panelists
scoring agree or strongly agree on a statement with concurrent
overall Cronbach’s alpha value of more than 0.8. These are
reliable thresholds which have been used in previous Delphi
studies.22–24

Statistics
Statistical analysis was performed using SPSS version 25.0
(IBM, Armonk, NY, USA). Final ranking of the statements
was reported based on the second round agreement strength
and the comparison of scoring between panelists from
different continents were reported using mean values of the
second round ratings. The Cronbach’s alpha test was used to
determine the internal consistency in the first and second
round. The results were analyzed by non-parametric tests.
The Kruskal–Wallis test was used to assess whether there
were rating differences between panelists from different
continents. A p value <0.05 was considered statistically
significant. Pairwise p values were adjusted using simple
Bonferroni correction for multiple comparisons and re-
ported as adjusted p value.
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Results

Panel
Out of a total of 52 invitations, 41 (79%) expert hepatobiliary
surgeons agreed to participate in this study, representing 15
countries as shown in Table 1. Response rates from Asia, Europe,
and the Americas were 16/19, 14/18, and 11/16, respectively. All
experts were active in a teaching hospital (10 panelists) or an
academic medical center (31 panelists) where both open and
laparoscopic liver surgery are routinely performed. De-
mographics of the participants’ centers are summarized in
Table 2.

Delphi results
The study was performed from November 2018 to June 2019.
The overall response rate was 100% both for the first and second
round and 95% for the third round. As illustrated in Fig. 1,
consensus was achieved for 81 (80%) out of 101 discussion
subjects after executing three Delphi rounds. The items were
clustered into knowledge (39/43), technical skills (16/32), atti-
tude (15/15), and postoperative care (11/11) domains. Overall
internal consistency was excellent in the first and second round
(Cronbach’s alpha: first 0.968; second 0.957).

First round
Consensus was noted on most of knowledge (32/40) and tech-
nical skills (16/29), but also for all statements on attitude (14/14)
and postoperative care (7/7). Twenty-six statements were
adjusted based on panel suggestions. Minor changes led to
clarifications of the context, while major changes resulted in the
addition of the term “basic knowledge” to a few statements of the
knowledge section and changing the term “perform surgery” to
“perform under supervision” or “assist in surgery” in the
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 Demographics of participants’ centers

Number of liver surgeries per year
per center

Number of centers

<20 0/41

20–50 5/41

50–100 7/41

>100 29/41

Types of hepatobiliary surgeries Number of centers

Open 41/41

Minimally invasive 41/41

Referral center for liver trauma 22/41

Ablation procedures 34/41

Liver transplantation 25/41

Members of the surgical team Median (range)

Attending surgeons 5 (2–40)

Hepato-pancreato-biliary fellows/year 2 (0–7)

General surgery residents/year 3 (1–13)

Figure 1 Fellowchart describing the Delphi process
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technical skills section. Two statements were moved from the
technical skills category to the knowledge domain (i.e. principles
of intraoperative ultrasonography and tumor ablation proced-
ures). Two items were merged to avoid redundancy (i.e. “Clinical
hematologic and biochemical tests relevant to the liver”, “Eval-
uation of liver static function (PT, Factor V & VIII, Albumin)”).
Four statements were removed (i.e. “Knowledge of pathophysi-
ology, presentation and natural history of the congenital liver
disease”, “Knowledge of indications for ALPPS and two staged
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
hepatectomy” and “Performing porto-systemic shunt”) because
these were too complex for a residency program. Eleven new
statements on knowledge (3), technical skills (3), attitude
(1), and postoperative care (4) were added to the initial
questionnaire.

Second round
The panel agreed to include all knowledge statements except for
“Knowledge of basic liver embryology” and “Knowledge of si-
nusoidal blood flow”. All items on attitude and postoperative care
were highly rated and considered as key components of a
hepatobiliary surgery curriculum. In the technical skills section,
consensus was achieved for 16 out of 29 statements. The internal
consistency for technical skills was excellent in both rounds
(Cronbach’s alpha: first 0.951; second 0.957).

Third round
All participants agreed to remove 13 technical skills statements
from the curriculum which did not reach consensus in the
previous rounds. Table 3 shows the excluded items in three
rounds sorted in ascending order of agreement strength. All 81
final included statements are presented in Table 4, organized per
category and sorted by last round agreement strength.

Inter-continental differences
There were no significant rating differences for knowledge,
attitude, and postoperative care sections among panelist across
continents. In contrast, some technical skill items were rated
significantly different between experts from the Americas and
Europe: “Preparing Pringle maneuver in minimally invasive
liver surgery under supervision” (2.9 vs 3.9; adjusted
p = 0.023), “Assist full liver mobilization in minimally inva-
sive liver surgery” (2.8 vs 3.8; adjusted p = 0.019), “Assist
minimally invasive minor anatomic liver resection” (3.2 vs
4.1; adjusted p = 0.019), “Assist minimally invasive major
anatomic liver resection” (2.4 vs 3.4; adjusted p = 0.044).
Experts from Asia scored “Perform minimally invasive chol-
angiography” significantly lower in comparison to their col-
leagues from Europe (4 vs 4.6; adjusted p = 0.020) and the
Americas (4 vs 4.7; adjusted p = 0.011) (Fig. 2).
Discussion

This study aimed to identify the key components of a hepato-
biliary surgery curriculum for general surgery residents and to
provide an international resource that educators and policy
makers can refer to, and apply to the local needs of their centers.
A large international group of experts determined which com-
petencies should be mastered during general surgery residency. A
modified Delphi methodology was chosen owing to its inherent
feasibility to gather expert’s opinion while overcoming
geographic constraint. Besides, the anonymous nature of the
process guarantees that the outcome of the group is not
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 3 Final excluded items sorted in ascending order of agreement strength

Category Statements Removed on round Mean (SD) Median (IQR) Consensus
%

Knowledge Knowledge of pathophysiology, presentation and
natural history of the congenital liver disease

First 3.64 (0.9) 3 (1) 58

Knowledge of indications for ALPPS and two
staged hepatectomy

First 3.81 (1.2) 3 (2) 66

Knowledge of basic liver embryology Second 3.69 (0.7) 4 (1) 68

Knowledge of sinusoidal blood flow Second 3.78 (0.9) 4 (1) 70

Technical skills Performing porto-systemic shunt First 2.81 (1.07) 3 (2) 27

Assist minimally invasive major anatomic
resection (3 or more adjacent hepatic
segments)

Third 3.10 (0.97) 3 (2) 39

Assist full mobilization of liver in minimally
invasive liver surgery

Third 3.64 (0.87) 3 (1) 44

Perform open minor anatomic resection (less
than 3 adjacent hepatic segments) under
supervision

Third 3.56 (1.00) 3 (1) 54

Preparing Pringle maneuver in minimally invasive
liver surgery under supervision

Third 3.51 (0.93) 4 (1) 61

Perform minimally invasive wedge resection
under supervision

Third 3.59 (0.92) 4 (1) 61

Assist minimally invasive minor anatomic
resection (less than 3 adjacent hepatic
segments)

Third 3.66 (0.85) 4 (1) 61

Determine the indications for conversion of
minimally invasive procedures to open or hand-
assisted

Third 3.73 (0.95) 4 (1) 61

Principles of tumor ablation procedures First 3.83 (0.98) 4 (2) 63

Perform operative external biliary drainage by
Kehr’s T- tube under supervision

Third 3.56 (1.21) 4 (2) 66

Determine the appropriate port site placements
for minimally invasive liver procedures

Third 3.66 (0.94) 4 (1) 66

Perform bilio-enteric anastomosis under
supervision

Third 3.85 (0.82) 4 (1) 68

Perform pfannenstiel incision Third 3.98 (0.82) 4 (1) 73

Perform minimally invasive drainage of liver cyst
or abscess (unroofing, resection) under
supervision

Third 3.83 (0.80) 4 (0) 76

Assist open major anatomic resection (3 or more
adjacent hepatic segments)

Third 3.95 (0.80) 4 (0) 76
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influenced by one or more persuasive panelists. Notably, the
selected panelists for this study are true experts in the field,
including numerous leading members of national and interna-
tional liver surgery societies.
The recent trend toward organ and diseases-specific subspe-

cialization clearly requires organ-oriented surgical training.25

Such a surgical training program must assure proficiency in
medical knowledge, technical skills, and patient care along with
competency in self-reflection and assessment and interdisci-
plinary communications.26 Therefore, a rather large number of
items were divided into four categories in this study. General
surgery residents were chosen as the target group because a
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
stepwise hepatobiliary surgery training program should begin in
general surgery and eventually be extended into a more complex
and articulated subspecialization thereafter. The key skills iden-
tified in this study, should be assessed to certify that a general
surgery specialist has the fundamental skills before being
enrolled in any advanced hepatobiliary, oncology or abdominal
transplantation subspecialty programs. Such proficiency metrics
may also serve to ensure that a graduated general surgeon has the
core competencies to examine patients with hepatobiliary dis-
ease, to make the appropriate decisions, to perform certain
hepatobiliary procedures within a general surgical practice, and
to refer when indicated.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 Final included items sorted in descending order of agree-

ment strength

N. Knowledge
statements

Mean (SD) Median (IQR) Consensus
%

1 Knowledge of biliary
tract anatomy
including
gallbladder

4.98 (016) 5 (0) 100

2 Knowledge of liver
surface anatomy
(ligaments,
adjacent organs)

4.98 (0.16) 5 (0) 100

3 Knowledge of liver
vascular anatomy

4.93 (0.26) 5 (0) 100

4 Knowledge of
common anatomic
variations

4.80 (0.40) 5 (0) 100

5 Knowledge of
indication for
surgical approach
to liver metastases

4.73 (0.45) 5 (1) 100

6 Knowledge of how to
evaluate patients
with benign
neoplasms of the
liver and
interpretation of
imaging

4.68 (0.47) 5 (1) 100

7 Pathophysiological
aspects of liver
surgery in cirrhosis
and definition of
Child’s score and
MELD score

4.59 (0.50) 5 (1) 100

8 Knowledge of
indications for liver
transplantation

4.59 (0.50) 5 (1) 100

9 Diagnosis of patients
presenting with
liver abscess

4.37 (0.49) 4 (1) 100

10 Management of
patients
presenting with
liver abscess

4.37 (0.49) 4 (1) 100

11 Clinical hematologic
and biochemical
tests relevant to
the liver

4.85 (0.42) 5 (0) 98

12 Knowledge of
Couinaud’s
segmentation

4.78 (0.47) 5 (1) 98

13 Knowledge of
physiology and
pathophysiology
of coagulation

4.66 (0.53) 5 (1) 98

14 Knowledge of
indication for
surgical approach
to hepatocellular
carcinoma

4.66 (0.53) 5 (1) 98

Table 4 (continued )

N. Knowledge
statements

Mean (SD) Median (IQR) Consensus
%

15 Interpretation of
imaging:
differentiate liver
tumors based on
radiologic findings
in collaboration
with radiologist

4.49 (0.55) 4 (1) 98

16 Knowledge of
indicators of portal
hypertension

4.37 (0.73) 4 (1) 98

17 Knowledge of porto-
systemic
communications

4.32 (0.52) 4 (0) 98

18 Knowledge of
indication and
timing of liver
vascular exclusion
and Pringle
maneuver

4.68 (0.65) 5 (1) 95

19 Knowledge of
modality of choice
for diagnosis of
different liver
tumors (CT-Scan,
MRI, PET-Scan)

4.59 (0.67) 5 (1) 95

20 Knowledge of
physiology and
pathophysiology
of bilirubin
metabolism

4.44 (0.59) 4 (1) 95

21 Knowledge of
indications for
biliary tree
drainage either by
endoscopy or
trans-hepatic
approach

4.39 (0.67) 4 (1) 95

22 Evaluation of liver
function: Static
(PT, Factor V, VII,
Bilirubin, Albumin)
and dynamic
(clearance tests,
ICG,
scintigraphy.…)

4.34 (0.76) 4 (1) 95

23 Diagnose and
classify acute and
chronic liver failure

4.32 (0.85) 4 (1) 95

24 Knowledge of basic
pathophysiology,
presentation and
natural history of
the acquired non-
neoplastic liver
disease (hepatitis,
cirrhosis, NASH,
PSC, PBS)

4.15 (0.48) 4 (0) 95

25 Knowledge of basic
liver histology
(type of cells and
their function)

4.12 (0.56) 4 (0) 95
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Table 4 (continued )

N. Knowledge
statements

Mean (SD) Median (IQR) Consensus
%

26 Diagnosis and
hemodynamic
management of
patients with liver
trauma

4.29 (0.60) 4 (1) 93

27 Surgical
management of
patients with liver
trauma

4.27 (0.59) 4 (1) 93

28 Knowledge of
indications and
principles of
parenchymal
sparing liver
surgery

4.20 (0.60) 4 (1) 93

29 Knowledge of
benefits and
limitations of
minimally invasive
liver surgery

4.29 (0.78) 4 (1) 90

30 Knowledge of
indications and
contraindications
for ablation
therapies (MWA,
RFA)

4.32 (0.76) 4 (1) 88

31 Knowledge of
Brisbane
classification for
anatomic liver
surgery

4.32 (0.88) 4 (1) 88

32 Interpretation of
imaging:
assessment of the
tumor resectability

4.27 (0.81) 4 (1) 88

33 Knowledge of liver
lymphatic
drainage and
nodal anatomy
during oncological
resection

4.15 (0.61) 4 (1) 88

34 Develop a detailed
operative strategy
for liver resections
based on
preoperative
assessment and
imaging

4.10 (0.97) 4 (1) 88

35 Interpretation of
imaging:
assessment of
future liver
remnant in
collaboration with
radiologist

4.07 (0.82) 4 (1) 88

36 Knowledge of
general criteria of
treating Klatskin
tumors

4.10 (0.86) 4 (1) 83

Table 4 (continued )

N. Knowledge
statements

Mean (SD) Median (IQR) Consensus
%

37 Knowledge of
physiology of
other clinically
relevant metabolic
pathways (i.e.:
hepatotoxic drugs,
effect of
chemotherapy on
liver function,
carbohydrate
metabolism, …)

4.05 (0.59) 4 (1) 83

38 Knowledge of
indication for
portal vein
embolization and
radio-
embolization

3.95 (0.84) 4 (0) 83

39 Knowledge of
principles of
intraoperative
ultrasonography.

3.98 (0.91) 4 (1) 80

N. Technical skills
statements

Mean (SD) Median (IQR) Consensus
%

1 Perform minimally
invasive
cholecystectomy

4.88 (0.33) 5 (0) 100

2 Preparing Pringle
maneuver in open
liver surgery

4.73 (0.45) 5 (0) 100

3 Principle of bleeding
control, abdominal
packing and
Pringle maneuver
in liver trauma

4.71 (0.46) 5 (1) 100

4 Usage of hemostatic
technique
(suturing,
compression,
clamp, clipping,
usage of cautery
devices, …)

4.63 (0.53) 5 (1) 98

5 Perform open
cholecystectomy

4.76 (0.54) 5 (0) 98

6 Usage and
installation of liver
surgery retractors

4.49 (0.55) 4 (1) 98

7 Usage of hemostatic
materials
(TachoSil,
Surgicel, …)

4.22 (0.65) 4 (1) 98

8 Determine the
appropriate
abdominal wall
incisions in open
liver procedures

4.51 (0.55) 5 (1) 95

9 Perform minimally
invasive
cholangiography

4.41 (0.63) 5 (1) 95

(continued on next page)
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Table 4 (continued )

N. Technical skills
statements

Mean (SD) Median (IQR) Consensus
%

10 Perform open liver
biopsy

4.32 (0.72) 4 (1) 93

11 Perform open
cholangiography

4.49 (0.68) 5 (1) 90

12 Perform full
mobilization of
liver in open liver
surgery

4.39 (0.70) 5 (1) 88

13 Perform open wedge
liver resection

4.12 (0.84) 4 (1) 88

14 Perform open
drainage of liver
cyst or abscess
(unroofing,
resection)

4.00 (0.67) 4 (0) 83

15 Usage of CUSA or
water-jet, sealing
devices and
staplers

3.98 (0.64) 4 (0) 83

16 Perform minimally
invasive liver
biopsy

4.02 (0.72) 4 (0) 80

N. Attitude statements Mean (SD) Median (IQR) Consensus
%

1 Know own
limitations and call
for help from his/
her supervisor

4.90 (0.30) 5 (0) 100

2 Provide preoperative
relevant images of
patient in the
operation room

4.73 (045) 5 (1) 100

3 Check preoperative
prophylaxis
against common
complications:
DVT, infection

4.73 (0.45) 4 (1) 100

4 Anticipation of blood
loss and asking for
cell saver and
blood products if
indicated (e.g.
massive
transfusion
protocols)

4.34 (0.76) 4 (1) 98

5 Provide and record
clear and
appropriate
operative reports

4.73 (0.55) 5 (0) 95

6 Participate in multi-
disciplinary
meetings for
malignant liver
disorder

4.59 (0.71) 5 (1) 95

Table 4 (continued )

N. Attitude statements Mean (SD) Median (IQR) Consensus
%

7 Inform patients of
the type of liver
surgery and its
related risks. (=
inform consent)

4.44 (0.63) 4 (1) 95

8 Check necessary
equipment for
intraoperative
cholangiography

4.39 (0.54) 4 (1) 95

9 Knowledge of
required
anesthesiology
consideration for
liver surgery

4.37 (0.62) 4 (1) 95

10 Knowledge of usage
and choice of
surgical devices
and back-up tools

4.39 (0.67) 5 (1) 88

11 Give briefing to
operation room
team
(anesthesiology
team, nurses …)
prior to start the
procedure.

4.34 (0.66) 4 (1) 88

12 Appropriate and safe
positioning of
patient on table in
open liver
surgeries

4.29 (0.72) 4 (1) 88

13 Appropriate and safe
positioning of
patient on table in
minimally invasive
liver surgeries

4.17 (0.86) 4 (1) 88

14 Check equipment
and devices with
the nurses prior to
start the
procedure

4.20 (0.82) 4 (1) 80

15 Be able to lead the
team during
elective and
emergency
operations

4.05 (0.80) 4 (1) 80

N. Postoperative care
statements

Mean (SD) Median (IQR) Consensus
%

1 Routine
postoperative
cares including:
wound care,
patient
mobilization,
nutrition
management, pain
management, fluid
balance and
respiratory care

4.92 (0.26) 5 (0) 100

HPB 2020, 22, 1429–1441 © 2020 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 4 (continued )

N. Postoperative care
statements

Mean (SD) Median (IQR) Consensus
%

2 Drain management
including
diagnosis of bile
leakage, bleeding,
and timely removal
of the drain

4.78 (0.41) 5 (0) 100

3 Prophylaxis for DVT
and advise on
anticoagulant
agent, indications
and
contraindications
after surgery

4.78 (0.41) 5 (0) 100

4 Structured orders
before discharge
to recovery or
PACU (Post
Anesthesia Care
Unit)

4.75 (0.43) 5 (0) 100

5 Request required
post-operative
laboratory tests
and interpret them

4.75 (0.43) 5 (0) 100

6 Indication of
antibiotic therapy
after liver surgery

4.71 (0.46) 5 (1) 100

7 Be able to recognize
alarm signs of
post-operative
liver failure

4.61 (0.49) 5 (1) 100

8 Be able to recognize
post-operative
bleeding and
decide for urgent
re-operation if
indicated

4.54 (0.67) 5 (1) 98

9 Basics of post-
operative intensive
care after major
liver surgeries

4.27 (0.55) 4 (1) 95

10 Indication of post-
operative Doppler
ultrasonography
after liver surgery
and liver
transplantation

4.24 (0.58) 4 (1) 90

11 Know characteristics
of ERAS
(Enhanced
Recovery After
Surgery) protocol
and apply it if
indicated

4.10 (0.66) 4 (0) 88
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Knowledge skills
The results of this study showed that providing trainees with a
broad and profound knowledge in hepatobiliary surgery is
fundamental during residency; yet, knowledge of embryology,
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
sinusoidal blood flow, congenital liver disease, and knowledge of
indications for ALPPS and two-staged hepatectomy were
considered beyond the scope of general surgery training. In
addition, scientific contribution is expected during residency (i.e.
writing a paper, congress participation, etc.) and minimum ac-
tivity is mandatory in lots of training programs; however, given
the fact that this curriculum is targeting all general surgery res-
idents with different fields of interest, hepatobiliary-oriented
research was not considered as a key component. During both
rounds of ranking statements, items focusing on hepatobiliary
anatomy and common anatomic variations were scored very
high. These findings emphasize that mastering the relevant
anatomical knowledge is the first step in surgical training and
surgeons must always be mindful of anatomical variations to
ensure patient safety during hepatobiliary procedures.27

Technical skills
The current study demonstrates that after completion of general
surgery residency, competency in basic hepatobiliary surgery
procedures is required. Noteworthy, general surgeons have to be
prepared to deal with liver bleeding either from trauma or intra-
operative misadventure. As such, familiarity with retractors and
instrumentation and proficiency in liver mobilization and he-
mostatic techniques are crucial. Also, surgical residents must be
adequately trained in biliary surgery including minimally inva-
sive and open cholecystectomy and cholangiography. Of note,
repair of bile duct injuries seems to be considered too high-level
for general surgery practice. Indeed, several studies have
emphasized the importance of referring patients with bile duct
injuries after cholecystectomy to specialized hepatobiliary
units.28–30 Likewise, according to this consensus, advanced liver
resection techniques either open or minimally invasive are
beyond the scope of a general surgery curriculum and require
specialized training in hepatobiliary surgery. Extensive volume-
outcome data strongly support these statements with lower in-
hospital mortality and morbidity when liver resections are
performed in specialized high-volume centers.31,32 Moreover, the
worldwide implementation of minimally invasive liver surgery
may also play a role in changing paradigm of general surgery
training. While laparoscopic liver surgery is recognized by a steep
learning curve, in several hepatobiliary surgery training pro-
grams worldwide, there is insufficient experience and the
number of complex minimally invasive procedures is too low
even for fellowship training.33 Therefore, specific postgraduate
education under proctorship in centers with experience in
minimally invasive procedures is recommended.3,34

Attitudes
All non-technical items describing professional behavior,
communication skills, leadership, documentation (i.e. writing
operative reports) and patient safety elements were highly rated.
Previous studies have proven that professional skills are trans-
ferable through a structured education,35 and training in non-
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 2 Panel rating to training in minimally invasive liver surgery techniques across continents (*asterisk represents significant differences)
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technical skills, including human factors and teamwork, are in-
tegral components in surgical skills acquisition.36,37 This
consensus reflects the emphasis of experts on non-technical
surgical skills training. Particularly, the panel highlighted the
importance of self-assessment and individuals recognizing their
own limitations. The ability to critically assess one’s own per-
formance in surgery is not only crucial during the training, but
also has tremendous importance for continuing professional
development and can be improved by increasing experience.38

Thus self-assessment along with formative feedback from edu-
cators are vital parts of a structured surgical training plan.39

Postoperative care
All items about postoperative care were perceived as fundamental
parts of a general surgery curriculum. Liver surgery is a chal-
lenging procedure for both surgeons and patients and justifies
the need for a standardized Enhanced Recovery After Surgery
(ERAS) protocol.40 Therefore, general surgeons must be trained
to provide postoperative care according to standardized pro-
tocols and good practice points.

Inter-continental differences
There was no significant difference of opinion among panelists
from three continents about knowledge, attitude and post-
operative care skills. The facts that liver surgery is challenging,
carrying potential risks, and is still under development in some
aspects may explain the need for extensive education in knowl-
edge, postoperative care and human factor skills. On the other
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
hand, despite achieving a strong consensus in the technical skills
section, competencies required for minimally invasive liver sur-
gery were rated differently across continents (Fig. 2). European
experts believe that providing exposure to basic minimally
invasive liver surgeries in general surgery curricula is essential.
There are several potential reasons to explain such discrepancies.
In fact, an international consensus may define the core compo-
nents of a training program, but every training curriculum must
be tailored to local needs. The hierarchy of surgical education
differs widely across the world based on requirements of served
health care systems and the targeted population. Therefore, it is
likely that a technical skill which is routinely taught to general
surgery residents in one country is reserved for post-residency
fellowship curriculum in another country. All panelists are
derived from high or upper middle income countries according
to the world bank income classifications. Thus, one might argue
that the outcome of the current study mostly applies to wealthy
health care systems; for example, the concept of training in
minimally invasive liver surgery may actually be irrelevant to
most low income health care systems.

Limitations
The Delphi methodology has been criticized to be potentially
biased because the steering committee could limit the scope of
the items and the expression of opinions.41 These issues have
been addressed in previous studies either by designing the initial
framework by the panel or proposing an elaborate list of items to
be rated.41–43 To minimize the risk of bias in this study, the
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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primary survey covered a vast range of items and the panel also
had the possibility to add new statements. In addition, the
steering committee consisted of liver surgeons from different
continents to ensure that local practical traditions did not limit
the scope of the study. Despite a very good response rate which
resulted in a sample size compatible with current recommen-
dations for Delphi studies,11,20,21 the risk of selection bias cannot
be excluded. The experts should not only meet the inclusion
criteria, but also had to be sufficiently motivated to contribute in
this time-consuming Delphi process. Thus sampling based on
random participation was not feasible. Finally, although the
modified Delphi technique is a validated method to achieve
consensus among experts, it is subjective and does not guarantee
leading toward a flawless solution.37 Therefore, the imple-
mentation of the study results into a training program must be
prospectively evaluated using robust designs.
Future perspectives
The long term objective of this project is to develop a stepwise
proficiency-based training program for hepatobiliary surgery.
This study has identified the priorities for researchers and edu-
cators to focus on while developing a curriculum. Further
research is warranted to define and validate a liver surgery
training program for general surgery residents. Surgical training
based on a standardized program may produce general surgeons
who are well prepared to either practice as an independent
surgeon or pursue subspecialty fellowship.
Conclusion
Using the modified Delphi methodology, international
consensus has been established among experts on fundamental
components of a liver surgery curriculum for general surgery
training. This is an important step toward developing a liver
surgery curriculum starting from the basic level.

Source of funding

N. Rashidian is supported by a fund for Educational Research from Johnson &

Johnson (Reference No. KW/1991/GIH/001/013). The company had no role in

study design; in the collection, analysis, and interpretation of data; in the

writing of the report; and in the decision to submit the article for publication. I.

Van Herzeele has obtained a grant as a Senior Clinical Investigator from the

Fund for Scientific Research – Flanders Belgium. For the remaining authors

none were declared.

Conflicts of interest

None declared.

References

1. Dixon E, Vollmer CM, Jr., Bathe O, Sutherland F. (2005) Training,

practice, and referral patterns in hepatobiliary and pancreatic surgery:

survey of general surgeons. J Gastrointest Surg 9:109–114.

2. Minter RM, Alseidi A, Hong JC, Jeyarajah DR, Greig PD, Dixon E et al.

(2015) Training in hepatopancreatobiliary surgery: assessment of the
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
hepatopancreatobiliary surgery workforce in North America. Ann Surg

262:1065–1070.

3. de Santibañes M, de Santibañes E, Pekolj J. (2016) Training in hepato-

pancreato-biliary surgery during residency: past, present and future

perspectives. J Hepatobiliary Pancreat Sci 23:741–744.

4. Sheikh MR, Osman H, Butt MU, Jeyarajah DR. (2016) Perception of

training in hepatopancreatobiliary surgery among general surgery resi-

dents in the Americas. HPB 18:1039–1045.

5. Cortez AR, Winer LK, Katsaros GD, Kassam AF, Shah SA, Diwan TS

et al. (2019) Resident operative experience in hepatopancreatobiliary

surgery: exposing the divide. J Gastrointest Surg. https://doi.org/

10.1007/s11605-019-04226-9.

6. Mattar SG, Alseidi AA, Jones DB, Jeyarajah DR, Swanstrom LL, Aye RW

et al. (2013) General surgery residency inadequately prepares trainees

for fellowship: results of a survey of fellowship program directors. Ann

Surg 258:440–449.

7. Chang YJ, Mittal VK. (2009) Hepato-pancreato-biliary training in general

surgery residency: is it enough for the real world? Am J Surg 197:

291–295.

8. Accreditation Council for Graduate Medical Education. Defined cate-

gory minimum numbers: General Surgery. Available at: www.ACGME.

org. Last updated May 2019.

9. Training Requirements for the Specialty of General Surgery, UNION

EUROPÉENNE DES MÉDECINS SPÉCIALISTES, Available at: https://

www.uems.eu/. Last updated December 2018.

10. Stefanidis D, Cochran A, Sevdalis N, Mellinger J, Phitayakorn R,

Sullivan M et al. (2015) Research priorities for multi-institutional

collaborative research in surgical education. Am J Surg 209:52–58.

11. de Villiers MR, de Villiers PJ, Kent AP. (2005) The Delphi technique in

health sciences education research. Med Teach 27:639–643.

12. Chia-Chien Hsu BA. (2007) The Delphi technique: making sense of

consensus. Practical Assess Res Eval 12.

13. John-Matthews JS, Wallace MJ, Robinson L. (2017) The Delphi tech-

nique in radiography education research. Radiography (London, En-

gland: 1995) 23(Suppl 1):S53–S57.

14. Foth T, Efstathiou N, Vanderspank-Wright B, Ufholz LA, Dutthorn N,

Zimansky M et al. (2016) The use of Delphi and Nominal Group Tech-

nique in nursing education: a review. Int J Nurs Stud 60:112–120.

15. Keeney S, Hasson F, McKenna HP. (2001) A critical review of the Delphi

technique as a research methodology for nursing. Int J Nurs Stud 38:

195–200.

16. Trevelyan EG, Robinson PN. (2015) Delphi methodology in health

research: how to do it? Eur J Integr Med 7:423–428.

17. John-Matthews JS, Wallace MJ, Robinson L. (2017) The Delphi tech-

nique in radiography education research. Radiography (Lond) 23(Suppl

1):S53–S57.

18. McMillan SS, King M, Tully MP. (2016) How to use the nominal group

and Delphi techniques. Int J Clin Pharm 38:655–662.

19. Rashidian N, Vierstraete M, Giglio M, Van Herzeele I, Troisi R,

Willaert W. (2019) A systematic review of training models for liver sur-

gery. PROSPERO. CRD42019127794. Available from: https://www.crd.

york.ac.uk/prospero/display_record.php?ID=CRD42019127794.

20. Akins RB, Tolson H, Cole BR. (2005) Stability of response characteris-

tics of a Delphi panel: application of bootstrap data expansion. BMC

Med Res Methodol 5:37.

21. Clayton MJ. (1997) Delphi: a technique to harness expert opinion for

critical decision-making tasks in education. Educ Psychol 17:373–386.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.

http://refhub.elsevier.com/S1365-182X(20)30030-7/sref1
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref1
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref1
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref2
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref2
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref2
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref2
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref3
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref3
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref3
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref4
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref4
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref4
https://doi.org/10.1007/s11605-019-04226-9
https://doi.org/10.1007/s11605-019-04226-9
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref6
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref6
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref6
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref6
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref7
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref7
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref7
http://www.ACGME.org
http://www.ACGME.org
https://www.uems.eu/
https://www.uems.eu/
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref10
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref10
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref10
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref11
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref11
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref12
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref12
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref13
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref13
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref13
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref14
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref14
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref14
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref15
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref15
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref15
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref16
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref16
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref17
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref17
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref17
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref18
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref18
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019127794
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019127794
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref20
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref20
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref20
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref21
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref21


1440 HPB
22. Hassen YAM, Johnston MJ, Singh P, Pucher PH, Darzi A. (2019) Key

components of the safe surgical ward: international Delphi consensus

study to identify factors for quality assessment and service improve-

ment. Ann Surg 269:1064–1072.

23. Strom M, Lonn L, Bech B, Schroeder TV, Konge L, Panel ED. (2017)

Assessment of competence in EVAR procedures: a novel rating scale

developed by the Delphi technique. Eur J Vasc Endovasc Surg 54:

34–41.

24. Doyen B, Maurel B, Cole J, Maertens H, Mastracci T, Van Herzeele I

et al. (2018) Defining the key competencies in radiation protection for

endovascular procedures: a multispecialty Delphi consensus study. Eur

J Vasc Endovasc Surg 55:281–287.

25. Joshi HM, Alabraba E, Tufo A, Zone A, Ghaneh P, Fenwick SW et al.

(2016) Objective assessment of trainee operative experience in a tertiary

hepatobiliary unit. Eur J Surg Oncol 42:1548–1551.

26. Helling TS, Khandelwal A. (2008) The challenges of resident training in

complex hepatic, pancreatic, and biliary procedures. J Gastrointest

Surg 12:153–158.

27. Gupta V, Jain G. (2019) Safe laparoscopic cholecystectomy: adoption

of universal culture of safety in cholecystectomy. World J Gastrointest

Surg 11:62–84.

28. Mishra PK, Saluja SS, Nayeem M, Sharma BC, Patil N. (2015) Bile duct

injury-from injury to repair: an analysis of management and outcome.

Indian J Surg 77(Suppl 2):536–542.

29. Schmidt SC, Langrehr JM, Hintze RE, Neuhaus P. (2005) Long-term

results and risk factors influencing outcome of major bile duct injuries

following cholecystectomy. Br J Surg 92:76–82.

30. Sicklick JK, Camp MS, Lillemoe KD, Melton GB, Yeo CJ, Campbell KA

et al. (2005) Surgical management of bile duct injuries sustained during

laparoscopic cholecystectomy: perioperative results in 200 patients.

Ann Surg 241:786–792. discussion 93–5.

31. Filmann N, Walter D, Schadde E, Bruns C, Keck T, Lang H et al.

(2019) Mortality after liver surgery in Germany. Br J Surg 106:

1523–1529.

32. Gani F, Azoulay D, Pawlik TM. (2017) Evaluating trends in the volume-

outcomes relationship following liver surgery: does regionalization

benefit all patients the same? J Gastrointest Surg 21:463–471.

33. Siddiqui IA, Sastry AV, Martinie JB, Vrochides D, Baker EH, Iannitti DA.

(2018) Fellows’ perspective of HPB training programs in North America:

results of a survey. HPB 20:695–701.

34. Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han HS et al.

(2015) Recommendations for laparoscopic liver resection: a report from

the second international consensus conference held in Morioka. Ann

Surg 261.

35. Hochberg MS, Berman RS, Kalet AL, Zabar S, Gillespie C, Pachter HL.

(2016) Professionalism training for surgical residents: documenting the

advantages of a professionalism curriculum. Ann Surg 264:501–507.

36. Mishra A, Catchpole K, Dale T, McCulloch P. (2008) The influence of

non-technical performance on technical outcome in laparoscopic cho-

lecystectomy. Surg Endosc 22:68–73.

37. Hull L, Arora S, Symons NR, Jalil R, Darzi A, Vincent C et al. (2013)

Training faculty in nontechnical skill assessment: national guidelines on

program requirements. Ann Surg 258:370–375.

38. Moorthy K, Munz Y, Adams S, Pandey V, Darzi A, Hospital ICSM. (2006)

Self-assessment of performance among surgical trainees during simu-

lated procedures in a simulated operating theater. Am J Surg 192:

114–118.
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
39. Pandey VA, Wolfe JH, Black SA, Cairols M, Liapis CD, Bergqvist D et al.

(2008) Self-assessment of technical skill in surgery: the need for expert

feedback. Ann R Coll Surg Engl 90:286–290.

40. Melloul E, Hubner M, Scott M, Snowden C, Prentis J, Dejong CH et al.

(2016) Guidelines for perioperative care for liver surgery: enhanced re-

covery after surgery (ERAS) society recommendations.World J Surg 40:

2425–2440.

41. Graham B, Regehr G, Wright JG. (2003) Delphi as a method to

establish consensus for diagnostic criteria. J Clin Epidemiol 56:

1150–1156.

42. Pucher PH, Brunt LM, Fanelli RD, Asbun HJ, Aggarwal R. (2015) SAGES

expert Delphi consensus: critical factors for safe surgical practice in

laparoscopic cholecystectomy. Surg Endosc 29:3074–3085.

43. Maertens H, Aggarwal R, Macdonald S, Vermassen F, Van Herzeele I,

Group FO. (2016) Transatlantic multispecialty consensus on funda-

mental endovascular skills: results of a Delphi consensus study. Eur J

Vasc Endovasc Surg 51:141–149.

Appendix A1

Saleh Alabbad MD (King Faisal Specialist Hospital and Research Center,

Riyadh, Saudi Arabia)

Maria Bernadette Doyle MD, FACS (Washington University School of

Medicine, St. Louis, USA)

Javier Briceño-Delgado MD, PhD (Reina Sofia University Hospital,

Cordoba, Spain),

Fulvio Calise MD (Pineta Grande Hospital, Castel Volturno, Italy)

Eugene P. Ceppa MD, FACS (Indiana University School of Medicine, Indi-

anapolis, USA)

Kuo-Hsin Chen MD (Far-Eastern Memorial Hospital, Taipei, Taiwan)

Daniel Cherqui MD (Paul Brousse Hospital, Paris, France)

Tan To Cheung MD (The University of Hong Kong, Hong Kong, China)

Charles Chung-Wei Lin MD (Too Foundation Sun Yet-Sen Cancer Center,

Taipei, Taiwan)

Sean Cleary MD (Mayo Clinic, Rochester, USA)

Choon Hyuck David Kwon MD, PhD, FACS (Cleveland Clinic, Cleveland,

USA)

Ismael Dominguez-Rosado MD (Instituto Nacional de Ciencias Médicas y

Nutrición Salvador Zubirán, Mexico City, Mexico)

Alessandro Ferrero MD (Ospedale Mauriziano Umberto I, Turin, Italy)

Susanne Gray Warner MD, FACS (City of Hope National Medical Center,

California, USA)

Gian Luca Grazi MD (IRCCS – Regina Elena National Cancer Institute,

Rome, Italy)

Chet Hammill MD, FACS (Washington University School of Medicine, St.

Louis, USA)

Ho-Seong Han MD, PhD (Seoul National University, Seoul, South Korea)

Paul Hansen MD, FACS (Portland Providence Cancer Institute, Portland,

USA)

Scott Helton MD, FACS (Virginia Mason Medical Center, Seattle, USA)

Osamu Itano MD, PhD, FACS (International University of Health and

Welfare, Chiba, Japan)

Ali Jafarian MD (Tehran University of Medical Sciences, Tehran, Iran)

Rohan Jeyarajah MD, FACS (Methodist Richardson Medical Center, Texas,

USA)

Hironori Kaneko MD, PhD, FACS (Toho University School of Medicine,

Tokyo, Japan)

Yutaro Kato MD, PhD (Fujita Health University, Toyoake, Japan)
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.

http://refhub.elsevier.com/S1365-182X(20)30030-7/sref22
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref22
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref22
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref22
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref23
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref23
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref23
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref23
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref24
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref24
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref24
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref24
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref25
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref25
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref25
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref26
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref26
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref26
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref27
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref27
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref27
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref28
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref28
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref28
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref29
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref29
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref29
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref30
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref30
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref30
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref30
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref31
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref31
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref31
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref32
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref32
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref32
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref33
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref33
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref33
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref34
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref34
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref34
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref34
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref35
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref35
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref35
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref36
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref36
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref36
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref37
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref37
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref37
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref38
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref38
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref38
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref38
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref39
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref39
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref39
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref40
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref40
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref40
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref40
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref41
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref41
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref41
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref42
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref42
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref42
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref43
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref43
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref43
http://refhub.elsevier.com/S1365-182X(20)30030-7/sref43


HPB 1441
Shoji Kubo MD (Osaka City University Graduate school of Medicine, Osaka,

Japan)

Jun Li MD, PhD, FEBS (University Medical Center Hamburg-Eppendorf,

Hamburg, Germany)

Valerio Lucidi MD (Erasme University Hospital, Brussels, Belgium)

Pietro Majno MD, PhD, FRCS (Ente Ospedaliero Cantonale, Lugano,

Switzerland)

Erin Maynard MD, FACS (Oregon Health Science University, Portland, USA)

Roberto Montalti MD, PhD (Federico II University, Naples, Italy)

Silvio Nadalin MD, PhD, FEBS (University Hospital Tübingen, Tübingen,

Germany)

Hiroyuki Nitta MD (Iwate Medical University, Morioka, Japan)
HPB 2020, 22, 1429–1441 © 2020 International Hepato-P
Yuichiro Otsuka MD, PhD (Toho University Faculty of Medicine, Tokyo,

Japan)

Fernando Rotellar MD, PhD (Clínica Universidad de Navarra, Pamplona,

Spain)

Benjamin Samstein MD (Weill Cornell Medical College, New York, USA)

Olivier Soubrane MD, PhD (Beaujon Hospital, Paris, France)

Atsushi Sugioka MD, PhD (Fujita Health University, Toyoake, Japan)

MinoruTanabeMD,PhD (TokyoMedical andDentalUniversity, Tokyo, Japan)

Guido Torzilli MD, PhD, FACS (Humanitas University, Milan, Italy)

Aude Vanlander MD, FEBS (Ghent University Hospital, Ghent, Belgium)

Go Wakabayashi MD, PhD, FACS (Ageo Central General Hospital, Tokyo,

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


	Key components of a hepatobiliary surgery curriculum for general surgery residents: results of the FULCRUM International De ...
	Introduction
	Methods
	Study design
	Expert panel recruitment
	Delphi rounds
	Definition of consensus
	Statistics

	Results
	Panel
	Delphi results
	First round
	Second round
	Third round
	Inter-continental differences

	Discussion
	Knowledge skills
	Technical skills
	Attitudes
	Postoperative care
	Inter-continental differences
	Limitations
	Future perspectives
	Conclusion
	Source of funding
	Conflicts of interest


	References
	Appendix A1


