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WHAT THE PAPER ADDS

This paper presents evidence of validity of the comprehensive assessment tool, the Assessment of basic Vascular
Ultrasound Expertise, designed to assess competences during the European Society for Vascular Surgery Aca-
demy’s certification programme in basic vascular ultrasound. A pass/fail score was defined for each component,
ensuring that operators achieve the competences in all aspects to be certified.
Objective: The aim of this study was to gather validity evidence for the Assessment of basic Vascular Ultrasound
Expertise (AVAUSE) tool, and to establish a pass/fail score for each component, to support decisions for certification.
Methods: A cross sectional validation study performed during the European Society for Vascular Surgery’s annual
meeting.Validity evidencewas sought for the theoretical test and two practical tests based onMessick’s framework.
The participants were vascular surgeons, vascular surgical trainees, sonographers, and nurses with varying
experience levels. Five vascular ultrasound experts developed the theoretical and two practical test components
of the AVAUSE tool for each test component. Two stations were set up for carotid examinations and two for
superficial venous incompetence (SVI) examinations. Eight raters were assigned in pairs to each station. Three
methods were used to set pass/fail scores: contrasting groups’ method; rater consensus; and extended Angoff.
Results: Nineteen participants were enrolled. Acceptable internal consistency reliability (Cronbach’s alpha) for the
AVAUSE theoretical (0.93), carotid (0.84), and SVI (0.65) practical test were shown. In the carotid examination,
inter-rater reliability (IRR) for the two rater pairs was good: 0.68 and 0.78, respectively. The carotid scores
correlated significantly with years of experience (Pearson’s r ¼ 0.56, p ¼ .013) but not with number of
examinations in the last five years. For SVI, IRR was excellent at 0.81 and 0.87. SVI performance scores did not
correlate with years of experience and number of examinations. The pass/fail score set by the contrasting groups’
method was 29 points out of 50. The rater set pass/fail scores were 3.0 points for both carotid and SVI
examinations and were used to determine successful participants. Ten of 19 participants passed the tests and were
certified.
Conclusion: Validity evidence was sought and established for the AVAUSE comprehensive tool, including pass/fail
standards. AVAUSE can be used to assess competences in basic vascular ultrasound, allowing operators to
progress towards independent practice.
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INTRODUCTION
 introduced to equip health professionals with knowledge
and skills throughout the training continuum.10 Timely and
Vascular ultrasound (US) has become a cornerstone in

vascular surgery as an essential part of screening pro-
grammes, pre-operative work up, intra-operative quality
control, and post-operative follow up.1e4 Vascular surgeons
are embracing this non-invasive diagnostic modality in the
outpatient clinic, operating theatre, and when on call.5,6

The importance of mastering vascular US at a basic level
was demonstrated in studies investigating the training
needs of residents in Denmark and across Europe.7,8 The
major challenge is to ensure that the operator has achieved
a defined level of competence in knowledge and technical
skills, ensuring high sonographic quality, image optimisa-
tion, and interpretation.5,9

In an era of competency based medical education where
learning is based on objectives rather than time, new ed-
ucation models such as mastery learning have been
le 1. Sources of validity evidence for the Assessment of Vascula
d on Messick’s framework of validity
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ultrasound; IRR ¼ inter-rater reliability; SVI ¼ superficial venous in
meaningful assessment of competence is critical to ensure
continued progression from the training milieu to the clin-
ical setting.

The European Society for Vascular Surgery Academy
Committee (ESVS Academy) provides accredited workshops
in basic vascular US to unify the education and training of
vascular health professionals in Europe. Consequently, a
certification programme was initiated in 2018 to assess
basic vascular US competences and determine the readi-
ness of an operator to progress towards independent
practice (www.esvs.org/ccvus-certification). The ambition
was that an ESVS certified sonographer should be able to
demonstrate satisfactory knowledge and technical skills to
scan without direct supervision and achieve decision mak-
ing skills to call on expert supervisors when needed. For this
r Ultrasound Expertise (AVAUSE) theoretical and practical tests

nce for the AVAUSE tests

l and two practical tests were developed by experts in vascular
surgeons and scientists/sonographers) based on the most important
n performing basic US examinations

t: Cronbach’s alpha ¼ .93
mination:
nsistency reliability ¼ Cronbach’s alpha ¼ .84
and rater 2: Pearson’s r ¼ .68, p ¼ .062, while rater 3 and rater 4:
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ation:
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and rater 2: r ¼ .81, p ¼ .005, while rater 3 and rater 4: r ¼ .87,

correlation with number of examinations in the last five years
.34)
was standardised, with the same two facilitators managing the
raters underwent rater training prior to the certification programme,
erstanding of the test items and description of the rating scale
t: the novice group as defined by the medical students (n ¼ 14) had a
est score of 20.7� 4.6, while the experienced group as defined by the
had a mean test score of 40.1� 6.6
ination: total performance scores correlated significantlywithyears of
ith Pearson r¼ .56, p¼ .013, no significant correlationwith number of
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competence; SD ¼ standard deviation.

http://www.esvs.org/ccvus-certification
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purpose, the Assessment of basic Vascular Ultrasound
Expertise (AVAUSE) tool was developed, which includes
both theoretical and practical tests covering the most
important US examinations within the vascular curriculum.
International certification is high stake, with potential con-
sequences for patients; hence, solid validity evidence is
needed to support the proposed use and ensure that the
interpretation of scores and decisions based on the results
are trustworthy, defensible, and repeatable over time.11 In
this study, the aim was to investigate both the theoretical
and practical tests for evidence of validity, as well as
establish credible pass/fail scores to explore the conse-
quences of testing.

MATERIALS AND METHODS

This cross sectional validation study was conducted during
the certification programme at the 2019 ESVS annual
meeting in Hamburg, Germany.

Validity was investigated using the unified, contemporary
framework proposed by Messick,11 which gathers validity
evidence from five sources: content; response process; in-
ternal structure; relations to other variables; and conse-
quences (Table 1).12
Participants

Participants included vascular surgeons, vascular surgical
trainees, sonographers, and nurses with varying experience
levels (Table 2). To qualify for certification, participants must
have a minimum of 100 vascular US scans across different
modalities (e.g., carotid, lower limb venous, peripheral ar-
teries, and abdominal aortic aneurysm), in addition to a
letter of recommendation from their departmental clinical
lead (Table 3).
Table 2. Characteristics of the participants who enrolled and
have taken the European Society for Vascular Surgery
certification programme in basic vascular ultrasound

Profession Participants (n [ 19)

Vascular surgeon 9 (47)
Vascular surgical trainee 6 (32)
Nurse 1 (5)
Sonographer 2 (11)
Other 1 (5)
Median (range) time of experience e y 5 (2e22)

Data are presented as n (%) unless stated otherwise.

Table 3. Number of ultrasound examinations performed in the last fi
Society for Vascular Surgery certification program in basic vascula

Vascular ultrasound experiences Number of examinatio

0e50 51e10

Carotid ultrasound 2 4
Arterial ultrasound 2 5
Venous ultrasound 2 1
Aortic ultrasound 6 1
Theoretical test

Phase 1: development of the test
Step 1 (content). A theoretical test for basic vascular US was
developed in 2018 by vascular surgeons and vascular sci-
entists/sonographers (RV, JE, FF, SR, and JIL) with extensive
expertise in performing and teaching vascular US. The test
consisted of 53 multiple choice questions (MCQs) with one
correct answer from five choices. This first version was
administered during the ESVS annual meeting in 2018 in
Valencia, Spain (Fig. 1).

Step 2 (modification of content). To improve the content of
the theoretical test and establish validity evidence, the 2018
test results were used to evaluate the quality of the MCQs.
Item analysis was performed by calculating the proportion
of the examinees who answered the MCQ correctly and
categorised them according to difficulty based on the Item
Classification guide by Haladyna and colleagues (described
in the data analysis section).13,14 Poor quality MCQs were
eliminated. The test developers were asked to contribute
5e10 new MCQs to the remaining pool.

Phase 2: validity investigation for the test

Step 3 (content validity). The MCQs were sent back in
random order to the test developers to appraise and rate
according to relevance, where one was considered
“completely irrelevant” and five considered “extremely
relevant”. They were also asked to revise the wording to
ensure clarity and accuracy.

Step 4 (gathering validity evidence). The MCQ test was
administered to the participants during the certification
programme in 2019. The test was developed in Moodle and
was accessed using individual computers (Moodle, Perth,
Australia).

Standard setting for the theoretical test. The contrasting
groups’ method was used to set a pass/fail score for the
theoretical test by involving 14 Danish medical students
without US experience as novices and the participants as
the experienced group.15 The pass/fail score was the
intercept between the normalised distribution of perfor-
mance scores between the two groups.
Practical tests

Owing to time constraints, two of four US examinations
were chosen for the practical test: a unilateral carotid US
ve years in 19 participants of the examination for the European
r ultrasound
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Development of theoretical test
by vascular ultrasound experts

n = 5

53 Multiple choice questions

Administered of test at the 2018 ESVS
Annual Meeting in Valencia, Spain

Test Item Analysis using the
Item Classification guide (Level 1-4)

Included:
Level 1 items: (n = 17)
Level 2 items: (n = 18)

Remaining MCQ items
n = 36

New pool of MCQ items
n = 71

Review and rating of test questions and
answer choices according to relevance

50 Final multiple choice questions

Administration of the test
at the 2019 ESVS Annual Meeting in

Hamburg, Germany

Excluded:
Level 3 items: (n = 8)
Level 4 items: (n = 10)

New MCQ items suggested by
the test developers

n = 35
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Step 3: Content Validity

Step 4: Gathering validity
evidence

Figure 1. Flow diagram showing the development and validation of the multiple choice questionnaire (MCQ)
that comprises the theoretical part of the European Society for Vascular Surgery (ESVS) certification pro-
gramme in basic vascular ultrasound.
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examination and a unilateral superficial venous incompe-
tence (SVI) examination.

Content development. Practical assessment tools in carotid
and SVI US examinations were developed by the same five
experts. These included the most important aspects when
performing basic US examinations, such as positioning of
patient, choosing the correct transducer and US application,
and adjusting settings (gain, time gain compensation, focus,
depth, and pulse repetition frequency). For the carotid ex-
amination, the participants needed to make appropriate
velocity measurements, and differentiate between the
external and internal carotid arteries correctly, as recom-
mended in recent guidelines.16,17 For SVI examination,
participants needed to identify the common femoral vein
and test for reflux, as well as the great and small saphenous
veins. These specific tasks were expressed as individual test
items using a five point rating scale, where 1 indicated “very
poor/needs help”; 3 indicated “acceptable”; and 5 indicated
“very good”.

Raters and rater training. Eight expert vascular US opera-
tors (RV, JE, FF, SR, EIO, KB, LW, and ML [vascular surgeons,
vascular nurses, and vascular scientists/sonographers])
assessed the participants during the practical tests. Rater
training was initiated prior to the certification to ensure
consistent use of the assessment tools. For this purpose,
four pilot videos were sent to the raters to individually
assess a carotid US examination performed by a novice
nurse trainee and by an experienced vascular nurse (>1 000
carotid scans); and an SVI examination performed by a
novice nurse trainee and by an experienced vascular nurse
(>1 000 venous scans). Instructions were provided,
including an explanation of the test items and scale. Results
of the pilot rating were presented to the raters during a
face to face meeting to discuss scoring differences until
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Enrolled Participants (n = 19)

Theoretical Test
(50 item multiple choice questionnaire)

Practical Test

Pre-certification
1. Minimum 100 examinations
2. Logbooks
3. Letter of recommendation

TIME (minutes)

6
0
’

Carotid
ultrasound

station

SVI
ultrasound

station

Carotid
ultrasound
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Reset and replacement of participants Reset and replacement of participants
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1 2

2 1

+ +

+ +

3 4

4 3

+ +

+ +

5 6

6 5

+ +

+ +

7 8

8 7

+ +

+ +

Completed the theoretical and practical tests (n = 19)

1
0
’

1
0
’

1
0
’

1
0
’
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’
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0
’

Rater 1 + 2 Rater 1 + 2 Rater 3 + 4 Rater 3 + 4

Figure 2. Flow diagram showing the set up during the practical part of the European Society for Vascular
Surgery certification programme in basic vascular ultrasound. The set up included two carotid ultrasound (US)
stations and two superficial venous incompetence (SVI) US stations, with two raters assigned to each station to
assess the participants.
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consensus was reached. This also allowed for rewording of
the test items and include a global rating scale (GRS) to
assess overall performance, rated across a scale of 1 indi-
cating “incompetent”; 3 indicating “borderline”; and 5
indicating “competent”.

The carotid assessment tool consisted of 14 items plus
the GRS, while the SVI assessment tool consisted of 10
items plus the GRS.

Test developers and raters. The five experts who developed
the theoretical test, as well as the eight raters in the
practical tests, are ESVS members and were affiliated with
the ESVS Academy as convenors during workshops/courses.
They were recommended by the Academy leadership for
their expertise and interest in clinical vascular US and
training. Additionally, the experts were distributed across
different countries and professions.

Test process and data collection. Plenary introduction was
provided prior to the test, succeeded by the 60 min theo-
retical test, after which the platform automatically closes
down. The practical test followed immediately and con-
sisted of two stations designated for carotid and two for SVI
testing; all stations were equipped with a high end US
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system, relevant transducers, scanning bed, US model
(healthy medical student), and two raters (Fig. 2). Partici-
pants were randomly tested in both carotid and SVI ex-
aminations, with a maximum of 10 min per station.
Assessment was by direct observation, using eight tablets
equipped with a specially developed online assessment
platform through the Research Electronic Data Capture
Software (REDCap). Two facilitators (LJN and JL) guided the
participants to assigned stations, solved technical issues,
and ensured the completeness of rating.

Standard setting, practical test. Two methods were used to
set pass/fail scores for the practical tests. Firstly, the eight
expert raters were asked prior to certification to estimate
and discuss how well participants should perform in each
item before being allowed to work independently in the
outpatient clinic. An acceptable pass/fail score was set after
several discussions and when consensus was reached.
Secondly, the extended Angoff method was used to collect
expert judgement regarding pass/fail scores.18,19 Vascular
US experts (n ¼ 10 for carotid; n ¼ 8 for SVI)) from the UK,
Spain, Serbia, and Denmark were identified and invited to
determine an appropriate passing mark based on the min-
imum practical skill level that is demanded of a sonographer
before being allowed to work independently in the expert
clinic.

Certification. Participants must pass all three components
(theoretical test and two practical tests) to be an ESVS
certified operator in basic vascular US.

Data and statistical analysis

Item analysis of the theoretical test results from 2018 was
performed to explore question quality. The item classifica-
tion guide was used, where level 1 is considered the best fit
with middle difficulty (item difficulty ¼ 0.45e0.75); level 2
questions are considered easy questions (item
difficulty ¼ 0.76e0.91); level 3 questions are considered
difficult (item difficulty ¼ 0.25e0.44); level 4 questions are
either very easy or very difficult, and are considered poor
quality questions (item difficulty <0.24 or >0.91).14 Levels
3 and 4 were considered as poor quality questions and were
eliminated (Fig. 1, step 2). During the review and rating of
questions in step 3, mean scores per questions were
calculated. Questions that scored <4 were eliminated.

Internal consistency reliability of the AVAUSE theoretical
and practical tools was explored using Cronbach’s alpha to
ensure that the individual items appropriately measure the
same construct. For the practical tests, the total perfor-
mance score was calculated as the mean between the
multiple item rating scale and the GRS scores. The Pearson
correlation coefficient was used to explore the relationship
between the item based score and the GRS; the inter-rater
reliability (IRR) between the paired raters for each station;
the correlation between the carotid performance scores
and SVI performance scores; and the relationship between
total performance scores and years of experience.
Spearman rho’s correlation coefficient (r) was used to
explore the correlation between total performance scores
and number of examinations in the last five years.

Data analysis was done using SPSS Statistics version 25.0
(IBM, Armonk, NY, USA).
Ethics

No patient data were used in this study. Informed consent
was provided by the participants, indicating their agree-
ment to participate and with the understanding that their
test results would be used for research purposes.

RESULTS

Nineteen participants were enrolled. Ten participants
passed all three components and were certified; nine failed.
Theoretical test

The initial theoretical test consisted of 53 MCQs, of which
18 were eliminated after item analysis (Fig. 1, step 2). A new
set of 36 MCQs was added to the remaining pool. These 71
MCQs were sent to test developers to be rated; 21 were
eliminated, and after further discussions and revisions, a 50
item MCQ test was generated, covering US physics, vascular
haemodynamics, abdominal aorta, SVI, carotid, and supra-
genicular arteries (Fig. 1, step 3).

The internal consistency reliability of the MCQ test was
high, with a Cronbach’s alpha of 0.93. The novice group, as
defined by the medical students (n ¼ 14), had a
mean � standard deviation test score of 20.7 � 4.6, while
the experienced group, as defined by the participants, had a
mean test score of 40.1 � 6.6.
Practical tests

Assessment of carotid US skills. Investigating the internal
consistency reliability of the practical test resulted in a
Cronbach’s alpha of 0.84. A significant correlation was
found between the total item scores and the global scores
with a Pearson’s r of .79 (p < .001). The IRR for raters 1 and
2 was acceptable but not significant (r ¼ .68, p ¼ .062),
while the IRR for raters 3 and 4 was good (r ¼ .78,
p ¼ .005). The carotid total performance scores correlated
significantly with years of experience (r ¼ .56 p ¼ .013;
Fig. 3); however, there was no significant correlation with
number of examinations in the last five years (r ¼ .23,
p ¼ .34).

Assessment of SVI US skills. The internal consistency for the
test items was acceptable, with a Cronbach’s alpha of .65. A
significant correlation was found between the total item
scores and the global scores (r ¼ .75, p < .001). The IRR for
raters 1 and 2 was excellent (r ¼ .81, p ¼ .005); for raters 3
and 4 Pearson’s r was .87 (p ¼ .002). The SVI performance
scores did not correlate with years of experience (r ¼ .28,
p ¼ .25), as well as number of examinations in the last five
years (r ¼ .28, p ¼ .25).
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Pass/fail scores
Theoretical test. The pass/fail score set by the contrasting
groups’ method was 29 points out of 50. Seventeen of the
19 experienced participants passed, while none of the
novice medical students passed.

Practical test. The mean pass/fail score set by the raters for
the carotid US examination was 3, while according to the
Angoff method the mean pass/fail score was 4.1. For the
SVI examination, the rater set mean pass/fail score was 3,
while according to the Angoff method the mean score was
3.7. For the purpose of this certification, the rater set pass/
fail score was used, where 12 and 17 participants passed
the carotid and SVI examination, respectively. There was no
significant correlation between the total performance
scores in carotid examinations and the total performance
score for SVI examinations (r ¼ �.5, p ¼ .86; Fig. 4.).
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Figure 3. Correlation between years of experience and total per-
formance score of the 19 participants in carotid ultrasound (US)
examination (r ¼ .56; p ¼ .013); and years of experience and total
performance score in superficial venous incompetence (SVI) ex-
amination (r ¼ .23; p ¼ .34) for the European Society for Vascular
Surgery (ESVS) certification programme.
DISCUSSION

Reliable and timely assessment of the competence of
healthcare professionals provides an impression of actual
performance, identifies gaps, targets future learning, and
improves patient safety.20 In this study, two domains of
competence were focused on, theoretical and technical
skills in basic vascular US, and a newly developed compre-
hensive assessment tool (AVAUSE) for validity evidence was
investigated based on five sources outlined by the Messick
framework.

The content of the theoretical and practical tests was
developed by vascular US experts from different professions
and countries. This strategy ensured the inclusion of a wider
range of topics and important competences.21 The test
developers went through a systematic approach to appraise
the test questions for relevance and quality, ensuring that
the multiple items in the practical test were specific and
evaluative of the targeted knowledge and competences.
The inclusion of a GRS provided an opportunity for raters to
objectively assess a participant who may have performed
most steps correctly (and potentially pass the test) but have
missed a critical step that could compromise patient safety.
As an example, one participant performed an SVI exami-
nation on a supine patient and therefore failed despite
having performed all other steps correctly (reflux cannot be
assessed without either being erect or having the patient in
a steep reverse Trendelenburg position). The correlation
between the multiple item rating scale scores and the GRS
was high, suggesting that both scales measure the same
construct and quality. This is consistent with previous
studies exploring the use of the Objective Structured
Assessment of Technical Skills (OSATS) and the Objective
Structured Clinical Examination (OSCE), where the GRS was
shown to have discriminatory ability to detect different
levels of expertise.22e24 Additionally, multiple item rating
scales are preferred when assessing complex performances
or experienced participants.25

The internal consistency reliability of the AVAUSE prac-
tical tools were acceptable, confirming that the test items
measure relevant competence in the two US scans. Reli-
ability coefficients of 0.80e0.89 are acceptable for tests
such as end of year examinations, while coefficients <0.70
is useful as a component of an overall composite score.26

For SVI US examination, the internal consistency was 0.65;
however, it is still a useful component of the overall
AVAUSE score. One way to increase reliability is to increase
the number of test items.26 IRR between the paired raters
was significant except for raters 1 and 2 in one of the ca-
rotid stations. Rater 2 was not able to attend the rater
training meeting but received instructions; nevertheless,
the agreement between the two was variable. This un-
derlines the importance of rater training prior to assess-
ment to increase IRR and accuracy.27 Standardised
instructions and processes were observed to minimise bias
and maintain assessment security. The raters were fami-
liarised with the tests and were trained on the online rat-
ings. Test facilitators ensured efficient test flow and
confidentiality of ratings and scores between raters.

Interestingly, the AVAUSE practical tool for carotid US
examination showed significant ability to discriminate based
on years of experience (r ¼ .56, p ¼ .01) but SVI total
performance scores did not. Furthermore, no significant
correlation was found in this dataset between the number
of examinations and total performance scores. This em-
phasises that absolute volume of procedures does not
necessarily correlate with competence.28 These numbers
were also self reported and based on recall, and therefore
may not be reliable. A systematic review of accurate self
assessment found weak or no associations between self
assessment of competence vs. external objective observa-
tions.29 Other measures such as years of experience cannot
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predict competence nor acceptable performance in a valid
way.30 To identify proficient vascular US operators, objective
assessment of performance, combined with experience,
must be considered.31 No significant correlation was found
between the carotid and the SVI performance scores,
indicating that competence in one examination does not
reflect competence in another, as the skill sets are entirely
different.

An imperative asset of this study is the determination of
credible and defensible pass/fail scores for each part of the
AVAUSE tool, all of which must be passed in order to be
certified. This non-compensatory approach ensures that the
participants reach a certain level of competence before they
are certified in independent practice. The pass/fail score
that was set by the raters was found to be a credible and
reasonable benchmark. Given that this was decided after
pilot rating, they had a shared mental model of how the
borderline operator would perform. In contrast, the pass/
fail score set by the extended Angoff method was very high.
The experts invited to take part in this process have not
seen any actual participant performance and have therefore
influenced the unrealistically high scores. Expert practi-
tioners tend to have (too) high expectations of their
trainees.32 Extensive instructions when setting standards, as
well as a clear definition of minimum performance, are
needed.32 A rigorous approach to setting standards espe-
cially for high stakes examinations such as certification is
essential. If the pass/fail score is set too low, trainees will
not be well prepared for clinical practice, which might put
patients in harm’s way. If the standard is too high, trainees
risk wasting valuable time and focusing their efforts on the
test rather than educational goals.31 However, maintaining
a high standard for procedural performance decreases
adverse events and promotes patient safety. An alternative
standard setting method driven by patient safety was pro-
posed where essential and non-essential test items are
identified and a separate passing percentage for each
category is determined. Essential items are those that when
neglected can compromise patient safety, comfort, and
procedure outcome.33

The small number of participants is a limitation as it could
have affected the test scores and the correlations between
performances. It would be interesting to explore further
evidence between the relationship of performance scores
and other variables (i.e., different professional groups and
years of experience) in a larger cohort once the certification
is fully implemented. Direct observation during the practical
test may have introduced negative or positive bias but was
minimised by allocating participants to unfamiliar raters.
The use of healthy models was also a limitation. One of the
challenges of performing assessment in a simulated setting
is its accuracy to predict how a participant performs a
procedure independently in the clinical environment.34 It is
proposed that this ESVS certification programme is
considered an initial step and that it entrust the final de-
cision for independent practice to the local clinical leads.

The diverse professional backgrounds of vascular US
operators across Europe makes it challenging to establish
professional level certification. However, pursuant of the
goal to standardise training and practice of vascular US
skills, the next steps may be towards certification of
advanced skills, including an “ESVS ultrasound residency” in
selected departments, followed by “ESVS workshops in
advanced vascular ultrasound”.

Conclusion

The comprehensive AVAUSE tool has established arguments
for validity, supporting the scores and consequence de-
cisions. The AVAUSE will be used to evaluate theoretical and
technical competences in vascular US during the annual
ESVS certification programme. It is currently certifying basic
vascular US, but, in the future, it is also expected to include
advanced vascular US. This is an important initial step that
informs an operator’s readiness to progress towards inde-
pendence in the clinical environment.
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