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WHAT THIS PAPER ADDS

A three round Delphi questionnaire process has led to a European consensus document focusing on technical
procedures for simulation based education in vascular surgery and has proposed a roadmap to plan and develop
future simulation based training programs for vascular surgeons across Europe.

Objective: To gather consensus among European educators about technical procedures that should be included
in a future simulation based curriculum in vascular surgery.

Methods: A three round modified Delphi survey was initiated among 189 key opinion leaders (KOL) from 34
countries across Europe who were identified according to their positions in the European Society for Vascular
Surgery, the European Journal of Vascular and Endovascular Surgery, and Union Européenne des Médecins
Spécialistes Section and Board of Vascular Surgery. The first round was a brainstorming phase to identify
technical procedures that a newly qualified vascular surgeon should be able to perform. The answers were
analysed qualitatively. The second round investigated how often the identified procedures are performed, the
number of vascular surgeons that should be able to perform these procedures, whether the procedures pose
a risk to the patients, and whether simulation based education (SBE) is feasible. In the third round,
elimination and re-ranking of procedures were performed. Only procedures that gained more than 70%
support were included. An international steering group consisting of open and endovascular surgeons and
medical educators governed the process.

Results: Response rates in the three rounds were 75% (142/189), 89% (126/142), and 85% (107/126),
respectively. In the final prioritised list of 30 technical procedures for SBE, the top five procedures focus on
basic open vascular skills, basic endovascular skills, vascular imaging interpretation, femoral endarterectomy,
and open peripheral bypass. Twenty-six procedures were eliminated, including peripheral pressure
measurement, wound management, open management of complications, major amputations, and highly
advanced endovascular skills.

Conclusion: The prioritised list of technical procedures from this ESVS supported project could be used to guide
planning and development of future SBE programs to meet the needs of vascular surgeons across Europe.
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INTRODUCTION

The current European healthcare system poses several

challenges to the delivery of effective vascular surgical

* Corresponding author. CAMES Rigshospitalet, Blegdamsvej 9, Copenhagen, educatlon'. Vascu!ar SL'Jrgery has _eV0|Ved into an indepen-
Denmark. dent specialty with highly technical and complex proced-

E-mail address: leizl.joy.nayahangan@regionh.dk (Leizl J. Nayahangan). ures.l New training modalities have been introduced to

1078-5884/© 2019 European Society for Vascular Surgery. Published by . . L
Elsevier B.V. All rights reserved. address these tasks and ensure efficient training for

https://doi.org/10.1016/j.ejvs.2019.03.022 vascular surgeons.” Today’s vascular surgeon in training


mailto:leizl.joy.nayahangan@regionh.dk
https://doi.org/10.1016/j.ejvs.2019.03.022

Simulation Based Education in Vascular Surgery

needs to cope with reduced trainee working hours, short-
ened residency training time, and a recent surge of endo-
vascular procedures decreasing the number of open
procedures available for training.** It is critical to imple-
ment optimal and efficient educational strategies, both
inside and outside the operating room to ensure that
vascular surgeons are proficient in open and endovascular
procedures.’

Over the last two decades, medical education has
embraced simulation technology for clinical skills training
to comply with patient safety concerns, medical and sur-
gical errors, and cost effective patient centred care.®’
Development of simulation based education (SBE) does
not always follow a structured curriculum, but often relies
on commercially available simulators, local interests, or
coincidence.®” The development of an efficient curriculum
should follow a systematic approach starting with problem
identification and a general needs assessment (GNA) to
achieve comparable education levels within the partici-
pating countries, that is one should identify the proced-
ures that should be taught before defining how to teach
them.’

The aim of this study was to conduct a European GNA to
identify those technical procedures in vascular surgery that
should be included in a simulation based curriculum that
will address contemporary training needs, and to gather
consensus across Europe.

MATERIALS AND METHODS
The Delphi method

The needs assessment process incorporated a three round
modified Delphi method to harness expert opinion and
achieve consensus across Europe regarding technical pro-
cedures that should be included and prioritised in a
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simulation based curriculum (Fig. 1). The Delphi method is a
rigorous and systematic strategy to collect information and
refine judgment from a group of experts’® and has been
used in different settings,""'” including previous national
needs assessment processes to define curricular content.®*3

The steering group

A needs assessment steering group managed and facilitated
all processes including identification of key opinion leaders
(KOL), number of Delphi rounds, consensus criteria, devel-
opment of questionnaires, data collection, and data analysis.
The group consisted of six multiprofessional members from
different countries covering open and endovascular surgery
as well as medical education (JE, IK, IVH, EC, LK, LIN).

The Delphi panel of KOLs

The end product of the Delphi process should be a priori-
tised list of procedures that will function as a roadmap for
future development of SBE in Europe. Therefore, it was
decided to select KOLs according to their roles in the Eu-
ropean Society for Vascular Surgery (ESVS), the European
Journal of Vascular and Endovascular Surgery (EJVES), and
the Union Européenne des Médecins Spécialistes (UEMS)
Section and Board of Vascular Surgery (SBVS). Names and
email addresses were based on the ESVS master list 2017—
2018. To achieve a broader and more representative panel
composition, the ESVS Council was asked to nominate two
additional national representatives with an interest in ed-
ucation and training (Table 1). Participation was voluntary.

Survey administration and communication

Communication was conducted through personal emails
and web based surveys. Authors LIN and JE were respon-
sible for all correspondence and were not blinded to the

Participant Selection
(n=189) key opinion leaders
(34 countries)

!

Inclusive list of identified

DELPHI ROUND 1

procedures

(n=142/189) key opinion leaders
(75% response rate)

DELPHI ROUND 2

Brainstorming i

Qualitative Analysis by
the steering committee

(n=2717 procedures)

Technical procedures
n=>56 procedures

Need for Simulation Training
(n=126/142) key opinion leaders

(89% response rate)

[

DELPHI ROUND 3
Elimination and Prioritization
(n=107/126) key opinion leaders
(85% response rate)

T
prioritization

Preliminary prioritization of
technical procedures
n=56 procedures

L

Exclusion and
prioritization

Final list of technical procedures
n= 30 procedures

Figure 1. Overview of the needs assessment process using the Delphi method.
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Table 1. Groups of key opinion leaders.

ESVS Council 33
ESVS Executive Committee 10
ESVS Academy 7
ESVS Guideline Committee 7
Vascunet 17
EVST Executive Committee 3
EVST Council members 16
ESVS Council nominations 34
UEMS SBVS National Delegates 35
EJVES, Editorial Board 24
EJVES, Past Editors in Chief 3
Total 189

ESVS = European Society for Vascular Surgery; EVST = European
Vascular Surgeons in Training; UEMS = European Union of Medical
Specialists; SBVS = Section and Board of Vascular Surgery; EJVES
= European Journal of Vascular and Endovascular Surgery.
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The first three factors were answered by the KOLs while the
fourth factor (feasibility) was answered by the steering group.
This was an essential step with the assumption that not all
KOLs have the same knowledge with regards to availability of
equipment, implementation logistics, and costs.

Table 2 presents exploration of the first three factors that
were rated by the key opinion leaders using a five point
Likert scale and the fourth factor, feasibility, as rated by the
steering group considering suitability for SBE, associated
cost, and availability of equipment.

Table 2. Round 2 exploration of each procedure using the
needs assessment formula.

respondents; however, strict confidentiality was maintained
throughout the process. Up to four reminder emails per
round were sent to non-responders. A minimum response
rate of 70% for each round was required before moving on
to the next round and the KOL who did not respond were
excluded in the subsequent rounds. Consensus was defined
at 70% agreement in the final round. The entire process
took place between June 2017 and April 2018.

Delphi round 1: brainstorming

Round 1 was a brainstorming phase. An initial email with an
invitation to participate was sent to the KOLs introducing
them to the study aim, importance of participation, the
iterative nature of the Delphi process, and timeline for each
round. In the email, the KOLs were given the opportunity to
participate by clicking on the survey link. The brainstorming
guestion was an open ended question to “identify technical
procedures that a newly certified vascular surgeon should
be able to perform.” A technical procedure was defined as a
procedure with hands on learning components. The
collected responses were explored and synthesised by the
steering group. Prior to initiating the study, it was decided
that procedures suggested by fewer than two persons in the
brainstorming phase should not proceed to round 2.
Furthermore, non-technical procedures such as knowledge
of vascular anatomy, communication skills, and writing
prescriptions were not included.

Delphi round 2: exploring the needs for simulation

Round 2 was an online survey to explore the technical
procedures from the first round. In this round, the Copen-
hagen Academy for Medical Education and Simulation
(CAMES) Needs Assessment Formula (NAF) was used to
evaluate the procedures according to four factors.?

Frequency of procedures,

Number of surgeons that should be able to perform
the procedure,

Impact of training on patients,

Feasibility for SBE.

A. Exploration of the first three factors as answered by the key
opinion leaders using a 5-point Likert scale (Frequency of
procedures, number of doctors and impact on patients)
1. How often is this procedure (or these procedures) performed by
vascular surgeons or trainees in your department?
1 Few times a year/never
2 Several times per year
3 Several times per month
4 Several times per week
5 Daily
2. How much do you agree with the following statement: “Every
newly qualified vascular surgeon must be able to perform one or
more of these procedures.”?
1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree
3. How much do you agree with the following statement: “The
procedure is very uncomfortable and/or risky to the patient if
performed by an untrained physician.”?
1 Strongly disagree
2 Disagree
3 Neither agree nor disagree
4 Agree
5 Strongly agree
B. Assessment of the fourth factor- feasibility as rated by the
steering committee
1. Suitability for simulation based training
1 Safely learned in a clinical environment
2
3 Can be learned in either a clinical or a simulation based
environment
4
5 Must be practiced in a simulation based environment
2. Availability of equipment
1 No known simulation equipment for training the procedure
2
3 Equipment is available but not perfect
4
5 Effective and realistic equipment readily available
3. Associated cost
1 Very expensive to practice the procedure in a simulation
based environment
2
3 Neither expensive nor cheap to practice in a simulation based
environment
4
5 Very cheap to practice the procedure in a simulation based
environment
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Delphi round 3: elimination and prioritisation

In round 3, the KOL reviewed the preliminary ranking of
procedures from round 2. The survey was twofold: first, the
KOLs were asked to eliminate procedures that they
considered irrelevant for SBE for vascular surgeons in
training. For example, basic clinical skills that should be
learned during pre-graduate education, skills that are easily
and safely learned in clinical practice, or advanced vascular
skills irrelevant to newly qualified vascular surgeons. After
elimination, the KOLs were asked to prioritise the remaining
procedures for SBE.

Data analysis

Content qualitative analysis was performed to synthesise
the procedures that were suggested in round 1. The
continuous variable of age is presented as median (range),
and categorical data are presented as absolute numbers
(%). In round 2, a preliminary prioritisation was achieved
based on NAF by adding the mean scores of all four factors.
In round 3, only procedures with >70% agreement were
included in the final list. Descriptive analysis (median score)
was used to determine the ranking of the procedures as
determined by the KOLs. Spearman’s rank correlation co-
efficient was used when comparing ranking of procedures in
rounds 2 and 3. Statistical analysis was performed using
SPSS version 21 (IBM, Armonk, NY, USA).
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RESULTS

Overall, 189 KOLs were identified and invited to participate
(Table 1). Several KOLs hold two or more positions within
different groups. Only one position was counted. Thirty-four
European countries were represented (Fig. 2).

Delphi round 1

Of the 189 KOLs who were invited to participate, 142 (75%)
responded to the first brainstorming phase. Among the
respondents with a median age of 49 years (range 29—70
years), 38 (27%), six (4%), and 98 (69%) consider themselves
as open, endovascular, or both open and endovascular
surgeons, respectively. In total, 2717 procedures were
suggested and 56 procedures passed on to round 2 after
removing duplicates, procedures that did not meet the in-
clusion criteria and procedures that were suggested by two
or fewer KOLs. These were categorised as diagnostic,
endovascular, open, and general procedures.

Delphi round 2

The response rate in round 2 was 89% (126 of 142). A
preliminary prioritised list was achieved using the CAMES
NAF and the top five highest scores were basic open skills,
basic endovascular skills, vascular imaging interpretation,
carotid thromboendarterectomy, and basic endovascular
aortic aneurysm repair (EVAR).

B - 2representatives
[ ] 3-6representatives
B 7-14representatives
[ ] Orepresentatives

o

3

4 e
& Z S
s
NI G

penmARKEES
(n=9) § 2
IRELAND ¥] DOM (n=14) 4
(n=4) NETHERLANDS
= ;
>

13),2
e

®
P

¢

@
BELARUS
OLAND
(n=5)

<

ROMANIA
(n=5)

rae  Sem

%

@ uaTacen

Figure 2. Country distribution and representation.
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Delphi round 3

The response rate in round 3 was 85% (107 of 126). Twenty-
six procedures were eliminated and a total of 30 procedures
were included: two diagnostic procedures, 12 endovascular
procedures, 14 open procedures, and two general proced-
ures. The prioritised list is given in Table 3, where basic
open skills, basic endovascular skills, and vascular imaging
interpretation top the list. Among the eliminated proced-
ures were peripheral pressure measurement, wound man-
agement, open management of complications, major
amputations, and advanced endovascular skills.

There was a strong correlation between the ranking ac-
cording to the needs assessment formula after the second
round and the order of ranking after the third round
(rs = 0.89, p < .001).

DISCUSSION

One hundred and eighty-nine KOLs from 34 European
countries were invited to participate in a three round Delphi
process, resulting in a list of 30 technical procedures that
should be included in a simulation based curriculum.

Practice in vascular surgery varies internationally, being
an independent specialty in the majority of European
countries but a subspecialty in some. The Delphi process is
an efficient and time saving strategy to gather expert
opinion across Europe and to achieve international
consensus. Additionally, the online format makes it possible
to reduce any influence of dominant individuals who could
monopolise and influence decision making.*

KOLs were actively engaged in the process with high
response rates in all rounds. In Delphi studies, it is impor-
tant to include participants who will not only contribute,
but also ultimately act on the results.>** Given the support
of the KOLs as well as their leadership roles, the present
authors are confident that the results of this work can
facilitate structured development of surgical education by
implementing SBE as an essential part of education across
Europe.

A comparable number of open (n = 14) and endovascular
procedures (n = 12) were prioritised, a trend that is likely to
continue with the ongoing “endo-shift” and derivative open
skills, emphasizing the need for more structured programs
in open aortic surgery as well as directing trainees with
interest in open surgical skills to train in higher volume
centres.”” To achieve (and maintain) competence in these
procedures, the focus should be on development and
implementation of evidence based SBE.

Basic vascular skills within different categories (open,
endovascular, and vascular imaging interpretation) were the
top three ranked procedures, indicating that these, rela-
tively easy to master, skills are frequently used and are
essential for every newly qualified specialised vascular
surgeon. These “basic” skills should be included in future
simulation based training programs.*®

Basic open vascular skills, including construction of a
vascular anastomosis, ranked number one in the final list,
which is in line with national surveys performed in Denmark
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Table 3. Final prioritised list of procedures for simulation
based education.

1 Basic open skills (anastomosis training, instruments, sutures,
prosthesis, clamping techniques, patches)

2 Basic endovascular skills (endovascular tools, radiation safety,
US access, arteriography)

3 Vascular imaging interpretation [arteriography, computed
tomography angiography (CTA), and magnetic resonance
angiography (MRA)]

4 Femoral endarterectomy (profundaplasty, patch)

Peripheral bypass (infrainguinal, above knee, below knee,

crural, intra-operative flow measurement)

Open embolectomy of upper and lower limb

Carotid thrombo-endarterectomy (CEA)

Basic endovascular aneurysm repair (EVAR) and sizing

Aortoiliac angioplasty

Open abdominal aortic aneurysm (AAA) resection (tube or

bifurcated graft)

Above knee angioplasty

9 Basic vascular ultrasound [aorta, varicose veins, deep vein
thrombosis (DVT), femoropopliteal, bypass,
pseudoaneurysms]

9 Open management of ruptured AAA

10 Endovascular closure devices

10 Vascular access surgery, haemodialysis [radiocephalic fistula,
brachiocephalic fistula, fistula thrombectomy, bridge graft,
distal revascularisation interval ligation (DRIL)]

11 Endovascular management of ruptured AAA [EVAR,
resuscitative endovascular balloon occlusion of the aorta
(REBOA)]

11 Open management of vascular trauma

11 Endovenous management of varicose veins

11 Open management of varicose veins

12 Basic thoracic endovascular aortic repair (TEVAR) (aneurysm)
and sizing

12 Minor amputations (finger, toe, forefoot)

13 Aorto-bifemoral, aorto-bi-iliac, and iliofemoral bypass for
occlusive disease

13 Fasciotomy

14 Below knee angioplasty

15 Extra-anatomic lower limb bypass (femorofemoral,
axillofemoral, obturator)

16 Open resection of femoral and popliteal aneurysms (medial/
posterior approach)

17 Open management of pseudoaneurysms

18 Endovascular management of pseudoaneurysms (thrombin
injection, covered stent)

19 Endovascular management of vascular trauma

20 Angioplasty of vascular access for haemodialysis

NO oo Ul 4)]

(o]

AAA = abdominal aortic aneurysm; CEA = carotid endarterectomy;
CTA = computed tomography angiography; DRIL = distal
revascularisation interval ligation; DVT = deep vein thrombosis;
EVAR = endovascular aneurysm repair; REBOA = resuscitative
endovascular balloon occlusion of the aorta; TEVAR = thoracic
endovascular aortic repair;, MRA = magnetic resonance
angiography; US = ultrasound.

and the United States.”*"’ Vascular anastomosis is a funda-
mental component of open vascular surgery and should be
mastered by every vascular surgeon. Different models are
available for anastomotic training, from very basic plastic
models® to high fidelity simulators with pulsatile flow,*° as
well as animal models.”® Structured practice on these
different models has already been shown to significantly
improve knowledge and technical competence,™®** " but
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has apparently still not structured
implementation.

Basic endovascular skills, including radiation safety and
ultrasound guided access, were the second most important
skill to train in a simulation based environment. Endovas-
cular techniques involve manipulating a wire within a three
dimensional field under two dimensional guidance on a
fluoroscopy screen. These skills take time to master and
simulation based training is now being adapted to practice
the hand-eye-foot coordination, the use of the various
endovascular tools, sequence of steps, and decision making
in endovascular procedures.’? The acquisition of endovas-
cular skills and transferability to real life have been
demonstrated; however, integration of training in a safe
environment into the daily workload remains challenging.”
Exposure to radiation has also drawn increasing concerns,
with recommendations for practical radiation protection
training to achieve key competencies®® including refresher
courses.””

The literature on how to teach and learn the interpre-
tation of vascular imaging, which ranks third on the list, is
sparse. Future curricula, in collaboration with other spe-
cialties, should focus on basic knowledge, interpretation,
and use of imaging technology.

Procedures that were eliminated by the KOLs include
peripheral pressure measurement, wound management,
open management of complications, major amputations,
and advanced endovascular skills. Reasons for elimination
could be the wide variation in healthcare delivery practices,
as well as only a few vascular surgeons being required to
master the most advanced procedures.

The high correlation between procedure ranking in rounds
2 and 3 increases the credibility of the NAF used in round 2.
Two procedures were significantly prioritised up in the third
round by the KOL: basic vascular ultrasound and open
management of vascular trauma (Fig. 3). Basic vascular US is
a fundamental procedure that vascular surgeons should
master; however, it ranked number 39 out of 56 procedures

gained broad,

21 -

rs = 0.89 p < .001

16

11 4

Ranking after Round 3

T T T T T T T T T T T T
1 6 11 16 21 26 31 36 41 46 51 56

Ranking after Round 2

Figure 3. Correlation between the order of ranking of procedures
after round 2 and the ranking of procedures after round 3.
Procedures up-prioritized from round 2 to round 3 were “basic
vascular ultrasound (final rank no. 9) and Popen management of
vascular trauma (final rank no.11).
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in the second round. The low ranking may be explained by
the fact that US examinations are often carried out by ra-
diologists or vascular technologists, which was not consid-
ered when answering questions regarding frequency and
number of doctors. Furthermore, SBE for US skills in vascular
diseases has been difficult to establish. Nevertheless, it was
included and prioritised up in the final round by the KOLs.

Avadilability of simulation equipment in vascular surgery

Several procedures that were included in the consensus can
be taught, practiced, and mastered using simulation based
equipment. Low cost models, advanced open simulators
with lifelike pulsatile flow, animal models, and human ca-
davers are being used for training open procedures such as
open abdominal aortic aneurysm (AAA) repair or carotid
endarterectomy.’®?® Endovascular procedures can be
trained using a variety of models and simulators: glass
models, advanced virtual reality simulators, anaesthetised
pigs and sheep, as well as cadavers.””*’ 3% Acquisition of a
simulator is only one small step to offer simulation based
training, it is crucial to set clear objectives, use efficient
educational strategies, and have dedicated, experienced
surgeons to provide formative feedback.®*

Applications of the needs assessment: educational
strategies and design

A GNA is the initial step when developing an educational
curriculum. The generated list of procedures may serve as a
guide to develop and plan SBE according to targeted local
needs. Several training programs in vascular surgery already
exist. A GNA performed in Denmark identified open and
endovascular AAA repair among the top 10 procedures.?
Based on this, a five day intensive simulation based
training for open and endovascular AAA repair was devel-
oped. The involvement of key local leaders in the GNA
increased the viability of the course, with departments
allowing protected time for trainees to attend.

Another innovative evidence based training program is
PROSPECT (Proficiency Based Stepwise Endovascular
Curricular Training Program), which was developed in
Belgium to train cognitive, technical, and non-technical
basic endovascular skills to treat non-complex symptom-
atic iliac and superficial femoral artery atherosclerotic dis-
ease and is now mandatory for surgical trainees.*” In a
randomised controlled trial, trainees who completed
PROSPECT outperformed those who had access to e-
learning or traditional training alone.>® It is hoped that
evidence based training programs as outlined in these
studies will encourage educational leaders to actively pro-
mote and integrate SBE into the vascular training curricula.
Other examples include the Vascular Surgical curriculum®”
in the UK, which has integrated SBE and the national
ASPIRE program, allowing trainees to access simulation
during residency training.>”

Regular access to training, ideally close to the workplace, is
a major problem that trainees face today. The key obstacles
are insufficient resources and funding, creating disparity
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across regions.*® Strategic, evidence based measures are
required to ensure that trainees have access to these new
training opportunities.®’ Cost effective strategies in medical
education have gained increased focus in recent years.
Endovascular simulation based training was found to be less
expensive compared with training in a real angiosuite.38

The ESVS Academy is responsible for education and
training activities within the ESVS. For all workshops and
courses, the Academy appoints conveners and guarantees
scientific educational content.>®> Some workshops are sup-
ported by industry, supplying devices and simulation
equipment, or through unrestricted educational grants to
the ESVS. All activities must be delivered without com-
mercial bias and without connection to any brands. The
prioritised list from this ESVS supported study will guide the
further development of the ESVS Academy’s educational
program as well as supporting the needs for passing the
UEMS European vascular examination.

Limitations of the study

An inherent limitation of the study is the inclusion of KOLs
based on their roles in ESVS, EJVES, and UEMS, and not on
their nationalities. Although 34 countries had at least one
representative, the selection process did not guarantee
equal representation between countries (Fig. 2). Junior
doctors [European Vascular Surgeons in Training (EVST)
executive committee (n = 3) and the EVST council members
(n = 16)] were underrepresented (10%) and may have
different views compared with senior consultants. In future
Delphi processes, it would be beneficial to include more
trainees especially those in their last year of specialty
training (e.g. senior registrars). The involvement of the
steering committee to explore feasibility in round two may
have influenced the results. Nevertheless, feasibility only
weighs 25% of the formula, which limited the impact of the
committee. Ultimately, the KOLs decided on the inclusion
and prioritisation of procedures in the final round.

Lastly, this GNA focused only on technical skills and not
on non-technical skills such as communication and human
factors, which are equally important. The list of procedures
is based on current needs and may change over time. This
process should be repeated periodically.

In conclusion, the Delphi method was used to perform a
GNA to identify and prioritise technical vascular procedures
that should be integrated into a simulation based curricu-
lum. A prioritised list of technical procedures has emerged
from this ESVS supported project, which should be used to
guide development of future simulation based training
programs for vascular surgeons across Europe.
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