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KEYWORDS Abstract Objectives: To develop weighted error-based, generic and procedure-specific
Carotid artery stent rating scales, to validate these scales for video-based assessment during virtual carotid artery
procedure; stent (CAS) procedures and correlate them with simulator-derived metrics.

Virtual reality simulation; Methods: A questionnaire was developed to assess the technique during live CAS procedures.
Assessment; Errors were rated from 1 (unimportant) to 5 (life-threatening) by 28 highly experienced CAS
Video-based; (>50 CAS) physicians. Virtual CAS procedure was performed by 21 interventionalists with
Rating scale; varied CAS experience. Fluoroscopy screen and hand movements were video-taped, and simu-
Proficiency lator-derived metrics recorded. Experienced CAS practitioners then rated the video-taped

performances using weighted error, generic and procedure-specific rating scales.

Results: Of the 23 errors assessed, 12 were regarded as moderate (score 3), six serious (score 4)
and four life-threatening (score 5). The generic rating scale was able to detect significant differ-
ences in performance between inexperienced and experienced CAS operators (score 25 vs. 32
respectively, P <0.01). All scoring systems demonstrated good inter-rater reliability
(e = 0.61—0.87). Significant correlations were observed between simulator-derived and
video-based scores: weighted error-based score (r: 0.76, P < 0.01), generic (r: 0.62, P < 0.01)
and procedure-specific (r: 0.76, P < 0.01) rating scales.

Conclusions: The generic endovascular rating scale differentiated between levels of CAS expe-
rience among skilled interventionalists and correlated to simulator-based error scoring.
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Introduction

Methods for prevention of stroke and treatment of carotid
artery stenosis currently represent a major debate in
cardiovascular medicine."? Carotid artery stenting (CAS) as
a treatment for carotid artery stenosis is primarily offered
as an alternative to carotid endarterectomy in symptomatic
patients to reduce the risk of stroke.?® The efficacy of this
intervention depends upon perioperative mortality and
morbidity rates.* Operators must have appropriate cogni-
tive and technical skills, proficiency and experience in CAS
to maximise patient safety.>®

The literature has demonstrated steep learning curves
associated with CAS.” New operators in these complex
techniques must first acquire generic skills for catheter-
based interventions. It has been suggested that physicians
need to have performed at least 150 supra-aortic diagnostic
and/or therapeutic endovascular procedures and 75 CAS
interventions prior to independent CAS practice." This
statement highlights that currently proficiency is based
primarily upon number of procedures performed. However,
case-load is a surrogate rather than an exact measure of
proficiency.*

In other high-risk arenas such as aviation, virtual reality
(VR) simulation has been used extensively to train and
assess pilots. In the medical field, VR simulation may
improve patient safety through introduction of risk-free
training as an adjunct to traditional practice and to ensure
proficiency of endovascular physicians prior to performing
procedures such as CAS.%°

Prior to assessment of physicians, the construct validity
of VR simulators, that is, that one is measuring the trait
that one purports to measure, needs to be proven.
Construct validity is often affirmed by establishing that the
results of performance (assessment parameters) improve
with experience. Nonetheless, the current generation of VR
simulators are only able to differentiate levels of CAS
experience based on parameters such as total procedure
and fluoroscopy time. 0~

Some authors have developed alternative scoring
systems to assess individual technical skills such as
objective structured assessment of technical skill (OSATS)-
derived rating scales, which have proven to be construct-
valid for both simulated and live procedures in various
domains.'~"® Others preferred to use procedure-specific
checklists or rating scales whereby each part of the
procedure is rated on a five-point Likert scale." In
contrast, error scales have rarely been used for individual
assessment. However, if errors are rated according to their
severity, because some are more critical than others and
may lead to stroke, then this weighted error-based scoring
system may prove to be useful to evaluate performances in
CAS. 20,21

The aims of this study were first to develop a weighted
error-based score, generic and procedure-specific rating
scales to assess technical performances during CAS proce-
dures; second, to determine the construct validity of these
rating scales used by experienced CAS interventionalists for
video-based assessment of performances in a standardised
simulated CAS procedure; and finally to correlate video
scores with simulator-derived metrics.

Methods
Questionnaire

An initial questionnaire was created and it included the
errors currently recorded by the Vascular Intervention
Simulation Trainer (VIST, Mentice, Gothenburg, Sweden) as
well as errors that can occur during live CAS procedures, as
suggested by five interventionalists. A total of 23 possible
errors were identified.' This questionnaire was sent to
highly experienced CAS interventionalists (>50 CAS proce-
dures),?22% who were asked to weight the errors on a Likert
scale anchored at points 1 (unimportant), 3 (moderate) and
5 (life-threatening) (Table 1).

Development of rating scales (Fig. 1)

The weighted error-based rating scale was based on the
results of the questionnaire. Each error that occurred when
watching the video of a simulated CAS procedure was
marked on the sheet. The sum of all errors was the total
error score. This score was subsequently weighted accord-
ing to the results of the questionnaire, enabling a weighted
error score to be derived. The higher these scores were, the
poorer the performance.

The global rating scale used in OSATS as described by
Martin et al. is generally used for assessment of open tech-
nical surgical skills and consists of seven categories, each
rated on a Likert scale from 1 to 5.2 This scale was modified
to enable assessment of generic endovascular skills. Since all
participants were routinely assisted by the same experienced
vascular individual, one category (usage of the assistant) was
dropped and in analogy with the modified Reznick scale
created by Hislop et al., two categories were added, that is,
judgement of overall performance and final product.'? This
modified OSATS-derived rating scale, named ‘generic endo-
vascular rating scale’ is meant to test various aspects of basic
endovascular skills (Fig. 2). Descriptive comments for each of
the eight technical domains were developed at the anchor
points for scores of 1 (very poor), 3 and 5 (clearly superior).
Thus the maximum score possible was 40; the higher the
score, the better the quality of performance.

The procedure-specific rating scale was developed to
assess endovascular skills mandatory to carry out a CAS
procedure.™ This assessment tool is a hybrid of a procedure-
specific checklist and a global rating scale. Five experienced
interventionalists in CAS with various medical backgrounds
were involved in the development and final approval of this
instrument. A total of seven categories were defined
entailing the five key tasks of a CAS procedure, quality of
final product and overall performance, each rated on a Likert
scale from 1 to 5. Thus the maximum score possible was 35;
the higher the score, the better the quality of performance.

Subjects

Twenty-one experienced endovascular physicians (>100
endovascular therapeutic interventions) were recruited at
various international meetings and the simulation labora-
tory of Imperial College, London. Five interventional
cardiologists, eight interventional radiologists and five
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Table 1

The questionnaire results (median) based on the scores of 28 highly experienced interventionalists in CAS (>50).

Moving diagnostic catheter without support of guide wire

Moving guiding catheter, balloon, stent without support of guide wire

Pressing diagnostic catheter against the wall

Pressing guiding catheter against the wall

Moving 0.035 guide wire or catheter near the lesion
Losing position once CCA, ECA is cannulated

Moving embolic protection device during deployment
Moving embolic protection device after deployment
Not keeping the tip of guide wire or catheters in view
Not keeping the embolic protection device in view

No accurate pre- and post-dilation

No accurate choice and deployment of stent

Residual stenosis > 30%

Engagement of stent while removing the protection device
High fluoroscopy time

High amount of contrast used

High number of catheters used

Long time taken to complete the procedure

Poor flow of the intervention

Not monitoring heart rate during PTA + stent of carotid artery
No administration of heparin

No measures to prevent air emboli

Improper patient selection

1

N
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1, unimportant error; 2, minor error; 3, moderate error; 4, serious error; 5, life-threatening error.

vascular surgeons participated. Over 70% had performed at
least 500 endovascular interventions as primary operator.
They were subdivided into four categories according to
CAS experience: six inexperienced (0 CAS), three minor
(1—20 CAS), five moderately (21—50 CAS) and seven highly
experienced (>50 CAS). The purpose of the study was
explained to all the physicians. The group with minor
experience in CAS only included three participants and was

therefore excluded from further analysis. Thus, only the
performances of inexperienced, moderately and highly
experienced groups were evaluated in this article.

Simulation and task performed

Initial didactic teaching regarding the VIST simulator was
delivered, followed by familiarisation with the VR simulator

Errors in live CAS procedure

Questionnaire

+

Simulator-based errors

|

v

Automatically recorded

Weighting errors on a Likert scale

(28 CAS physicians)

by simulator

|

Weighted error-based score

Global rating scale

Generic endovascular rating scale

Global rating scale

Video-based assessment

+

Procedure specific checklist

Procedure specific rating scale

CAS

Figure 1

/

Scheme of the creation of the various scoring methods.
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Objective structured assessment of technical skills
Modified Global rating scale: generic endovascular skills

Interventionalist code: Procedure: Date:
Please circle the physician’s performance on the following scale:
Respect for 1 2 3 =]
tissue (stenosis Frequently used Careful handing of tissue Consistently approached
or occlusion) unnecessary force on but occasionally caused lissues appropriately with
lissue or caused damage inadvertent damage. minimal damage.
by inappropriate use of
material
Time and motion 1 2 3 5
Make unnecessary moves. Efficient time/motion but Clear economy of
SOMeE UNNECessary moves. movement and maximum
efficiency.
Knowledge of 1 2 3 5
endovascular Frequenlly asked for the Knew names of most Cbviously familiar with
material wrong tod or used an endovascular todsl and endovascular materia and
inappropriate material used appropriate malerial their names.
Handling of 1 2 3 5
endovascular Repeatedy awkward Compelent use with hardy Fluid movements with
material moves and unsure with loss any loss of access, stability of the todls,
of access, poor stability of moderate stability of tools maintenance of access and
the tools and inaccurate and good positioning of perfect positioning of
positioning of balloon/stent balleon/stent but appeared balloon/stent
sfiff and awkward
occasionally
Flow of 1 2 3 5
intervention Frequenty stopped fDemOQSI{ateq Som% Cbviously planned course
intervention or needed lo °””aL| planning an ; ofintervention with
discuss the next move. feasoae progression.g efficiency from one move to
procedure. another
Knowledge of 1 2 3 5
procedure Insufficient knowledge. Knew all important steps of Demonstrated familiarity
Looked unsure and the intervention. with all steps of the
hesitant. intervention.
Overall 1 2 3 5
performance Very poor Competent Clearly superior
Quality of final 1 2 3 5
product Very poor Compelent Clearly superior
Figure 2 OSATS-derived rating scale, generic rating scale.

by endovascular stent placement of an ipsilateral common
iliac artery stenosis (Fig. 3). The subsequent CAS procedure
entailed stenting of a right-sided CAS with type | aortic arch
using a wire-mounted filter. Passive assistance was provided
by an experienced endovascular team, and a protocol was
available detailing the steps of the CAS procedure.

Performance evaluation

Simulator-based assessment

The VR simulator consists of a desktop personal computer
and two monitors coupled to an interface device that
allows the user to insert and manipulate endovascular
tools. 22 The interface device functions as a virtual patient
with a simulated groin. This simulator can assess

performance during CAS procedures by objectively and
instantly recording quantitative metrics (total procedure
and fluoroscopy time) and measurements of quality of
performance (clinical parameters and errors) (Table 2).

Video-based assessment

Video recording

In order to record the fluoroscopy screen and hand move-
ments of the subjects, two video cameras were mounted on
tripods and focussed upon the LCD monitor and the oper-
ator’s hands. Recording commenced upon entry of the
guide wire into the femoral artery and was completed upon
removal of endovascular tools from the groin. Complete,
unedited videos of each procedure were recorded into
Microsoft Windows .avi format (Microsoft Corporation,
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Experienced interventionalists

(>100 endovascular procedures)

g

Didactic teaching VIST simulator

g

Familiarization =

Perform standardized iliac stent procedure

g

Perform standardized CAS procedure

g

Objective assessment of technical skills

4 g

Video-based

Simulator-based

Assessment parameters

Quantitative @ Weighted error based
Clinical parameters Generic
Errors Procedure specific

Rating scales:

Figure 3 Methods used for the evaluation of endovascular
performances of experienced interventionalists.

Redmond, WA, USA). All data files were coded by an
alphanumeric code to ensure subject identity was blinded.

Video-based rating

Three interventionalists who had significant experience in
techniques of CAS evaluated performances during virtual
CAS procedures by observing the recorded videos. These
assessors, not involved in the data collection, separately
evaluated and graded performances using a weighted error-
based score, generic and procedure-specific rating scales.
Time required per review was not recorded.

Statistics

The non-parametric distribution of the data entailed the use
of non-parametric tests of significance. Derivation of the
weighted error-based rating scale was performed by
frequency analysis of the scores from the 28 experienced CAS
interventionalists. Construct validity of each scale was based
upon a between-group comparison using the Kruskal—Wallis
test of significance. The Spearman’s rank test was used to
correlate video-based scores with simulator-derived metrics.
Finally, inter-rater reliability between the three video asses-
sors was calculated with the Cronbach’s alpha test statistic. A
P value of <0.05 was considered statistically significant.

Results

Questionnaire

Four interventional cardiologists, 11 interventional radiol-
ogists and 13 vascular surgeons completed the questionnaire.

No errors were regarded by these 28 experienced CAS
physicians as unimportant (i.e., 1) and only one was rated
as a minor mistake (i.e., 2). The majority of the errors were
considered to be moderate (n = 12) or serious (n = 6) and
focussed mainly on technical errors. Four errors were rated
as life-threatening (i.e., 5). These comprised absence of
physiological monitoring of the patient, incorrect drug
administration, failure to prevent air emboli and inappro-
priate patient selection (Table 1).

Performance assessment

Video-based assessment
All videos were complete and of adequate quality for video-
based analysis.

Construct validity of rating scales

Comparison between the three different groups during
simulated CAS procedures revealed statistically significant
differences for only the generic OSATS-derived rating scale
(Table 3).

Inter-rater reliability of rating scales

The inter-rater reliability coefficient alpha for each scale is
shown in Table 3, revealing both the OSATS-derived global
rating scale and procedure-specific rating scale possess
excellent inter-rater reliability (>0.80).

Simulator-based assessment

None of the simulator metrics were able to differentiate
level of CAS experience of the participants: total procedure
time (medians 17 min vs. 19 min vs. 14 min, P = 0.14 for
inexperienced, moderately experienced and highly experi-
enced operators, respectively) and fluoroscopy time (8 min
vs. 10min vs. 7min, P = 0.14). Simulator-based error
scoring was also not a valid mode of assessment (16 min vs.
23 min vs. 20 min, P = 0.85).

Correlation between simulator-based metrics and
video-based ratings

Errors recorded by the simulator such as movement of the
embolic protection device after deployment showed
positive correlations with video-based weighted error
scores and inverse correlations with generic and proce-
dure-specific rating scales. There were statistically
significant correlations between the number of errors
recorded by the simulator and video-based rating scores
(Table 4, Fig. 4). There were no significant correlations
between quantitative metrics and post hoc video-based
rating scores.

Discussion

Traditional modes of characterising satisfactory operative
or endovascular performance have relied upon the numbers
of procedures performed, senior evaluation?®? or
completion of a prescribed course.?® These recommenda-
tions rely upon crude data that are recognised to be unre-
liable and indirect measures of technical skill.?” Winckel
et al. have shown evaluation of performance in the oper-
ating room to be difficult, leading to efforts focussed upon
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Table 2  Metrics recorded during a CAS procedure by the VIST simulator.

Quantitative metrics

Qualitative metrics

Errors

Clinical parameters

Total time (min)

Total amount of contrast
fluid used (cm?)

Number of cineloops

Total fluoroscope time (min)

Catheter vessel errors
— Pressing diagnostic catheter against the wall
— Pressing guiding catheter against the wall

Catheter movement errors
— Moving diagnostic catheter
without support of a guide wire
— Moving guiding catheter without
support of a guide wire
Moving near lesion
— Moving guide wire near lesion
— Moving diagnostic catheter near lesion
— Moving guiding catheter near lesion
Moving EPD
— During deployment
— After deployment

Deployment of stent
— Moving stent during deployment
— In guiding catheter or sheath
Balloon inflated in guiding catheter or sheath

Tools used during procedure

— Diagnostic catheter

— Guiding catheter or sheath

— EPD size/angle tip

— Predilation balloon size/length

— Stent size/length

— Postdilation balloon size/length
Placement accuracy

— Predilation balloon

— Stent

— Postdilation balloon

% Lesion covered with
— Balloon
— Stent

Balloon-vessel ratio:
Stent-vessel ratio

Max pressure reached during deployment
— Balloon
— Stent

Residual stenosis after
— Predilation
— Stent
— Postdilation

techniques to standardise assessment outside the inter-
ventional suite.?®

More recently, VR simulation has been suggested as
a mode of objective assessment of performance, prior to
intervention on patients.'®"'>?2 However, the current
generation of simulators is only able to differentiate level
of experience in CAS based on the quantitative assessment
parameters.'" 322 These surrogate markers for skill (total
procedure and fluoroscopy time, amount of contrast given
during the intervention) do not measure the quality of
performance during a CAS intervention.?’

What are the ultimate measures of proficiency to assess
the performance of an interventionalist who carries out
a CAS procedure? The most frequently measured and
reported end points to evaluate surgical performances are
patient outcomes and complications.3® However, the use of
morbidity and mortality data as the sole indicators of
performance has its limitations. They do not differentiate
the role of technical skills of the surgeon from patient
pathophysiological risk factors and factors related to
teamwork and dynamics.3" Furthermore, these morbidity
data do not provide prescriptive information of how errors

Table 3  Validity and inter-rater reliability of the video-based scores by experienced interventionalists and simulator-based
metric.

OCASn=6 21-50CASn=5 >50CASn=7 Pvalue Inter-rater reliability («)
Simulator errors Median IQR 16 23 20 0.85 NA

11-18 13-26 11-29
Weighted error score  Median IQR 12 7 12 0.55 0.61

9—17 4-21 4-22
Generic rating scale Median IQR 25 32 32 <0.01* 0.84

23-26 25—-39 2438
CAS rating scale Median IQR 23 26 26 0.52 0.87

20-26 13-32 19-32

CAS, carotid artery stent; IQR, interquartile range.
*P < 0.05.
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Table 4 Correlation between simulator-based error scoring during a CAS procedure and the blinded video-based scorings by
experienced interventionalists (Spearman’s rank test r).

Simulator errors Post hoc ratings Weighted error score Generic score CAS score
Catheter movement r 0.52 —0.56 —0.53
error? P value 0.03 0.02 0.02
Moving protection r 0.73 —0.57 —0.60
device after deployment P value <0.01 0.01 <0.01
Catheter vessel r 0.54 NS —0.62
error® P value 0.02 <0.01
VIST total errors r 0.76 — 0.62 -0.76
P value <0.01 <0.01 <0.01

VIST, vascular intervention simulation trainer.
@ Movement of a guiding catheter too close to the lesion.
b Selective catheter is scraping the vessel wall.

are made and are unable to specify how the performance of
a procedure can be improved.3?

Subsequently, most investigators have begun to evaluate
the performance itself instead of evaluating the outcomes
of the intervention.3"3* The definition, identification and
measurement of errors is one method by which proficiency
can be assessed.>* The more errors an endovascular physi-
cian causes, the more likely it is that the procedure will
have a poor outcome. Therefore, in this study, a weighted
error-based rating scale has been developed based on 28
questionnaires completed by highly experienced inter-
ventionalists in CAS.' Similar to open and laparoscopic
surgery, generic and procedure-specific rating scales were
created to allow assessment of endovascular technical
skills, which have been shown to be valid and reliable
measures of technical skill in other domains.?*3°

In this study, the three different rating scales were
compared on a simulated carotid module as a preliminary
to do the same in real carotid cases. The weighted error-
based score was unable to differentiate level of CAS
experience probably since the simulator did not record life-
threatening errors such as lack of monitoring of physiolog-
ical measures, not administering crucial drugs and failure to

100

80 1

o
o
o

60 1 =] o

40 -

Total score (three raters) for
generic rating scale

201 . - ; :
0 10 20 30 40
Number of errors recorded by VIST simulator

Figure 4 Scatter plot demonstrating the correlation
between the simulator-based error scoring and the post hoc
video-based total scores by expert raters using the generic
rating scale. (Spearman’s rank test r = —0.62, P < 0.01).

prevent air emboli. Therefore these mistakes which are
part of the weighted error-based score could not be picked
up during video assessments. Thus this score primarily took
notes of errors that were recorded by the simulator.

Only the generic (OSATS-derived) rating scale, employed
by the three experienced raters to assess endovascular
performance, demonstrated construct validity. Inter-
ventionalists, who scored high on the generic rating scale,
were more likely to be experienced in CAS. A wide vari-
ability within these groups was noted (Table 2), which
underlines the importance of assessing a performance
objectively rather than relying on the number of proce-
dures to demonstrate proficiency prior to allowing inde-
pendent practice in actual patients.

In the endovascular literature, Hislop et al. have also
proven the construct validity of an OSATS-derived modified
Reznick scale used for post hoc video-based rating by two
blinded observers during a virtual selective carotid angiog-
raphy.'? Tedesco et al. demonstrated that a single blinded
expert observer using a structured global rating scale was
able to discern differences in endovascular experience
during a virtual renal artery stent procedure.>® However,
these studies included large groups of inexperienced endo-
vascular doctors. Although our study included solely experi-
enced interventionalists, it confirms these findings.

The procedure-specific rating scale was not valid
possibly because the carotid lesion was not complex enough
to differentiate the performances in experienced inter-
ventionalists. Within our department, recent work in the
laparoscopic field came to a similar conclusion, namely that
there was no benefit in the use of a procedure-specific scale
to rate performance in complex procedures.'>3” However,
since it deconstructs the CAS procedure into its key
components, it may have an important role to provide
formative feedback to the physician by identifying areas of
weakness in CAS while a generic scale may be more bene-
ficial for summative assessment.*'> Both global and
procedure-specific rating scales can be used to demon-
strate the improvement in technical performance after VR
endovascular training of individuals on computer-based or
bench models and in real life.3®3°

Our group and others have demonstrated that quanti-
tative metrics are able to differentiate CAS experience in
experienced interventionalists during the same CAS
module.''*22 |n contrast, the simulator-based metrics in
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this study were unable to differentiate level of CAS expe-
rience possibly because of the small number of participants
in this study. Nevertheless, a strong correlation was
perceived between the blinded video-based generic and
procedure-specific rating scores and simulator-based errors
during a CAS procedure suggesting concurrent validity of
the latter mode of assessment. The simulator metrics that
demonstrated moderate-to-good inverse correlations with
video-based scores assessed both generic endovascular
skills (catheter movement and vessel error) and procedure-
specific skills such as keeping the protection device stable
during the CAS procedure (Table 4).

Potential limitations introduced in this study include
a relatively small number of participants that may have
caused a type Il error. Furthermore, these participants
were divided into arbitrary groups, who may not have been
a representative sample of interventionalists in the real
world.

Assessment occurred during a single CAS procedure. A
competent interventionalist may perform better when being
assessed; others do less well owing to anxiety.33 The chosen
virtual CAS module was a non-complex lesion and may have
been too straightforward to differentiate the two more
experienced groups. Moreover, only technical skills were
evaluated since performances were assessed by observing
videos of the fluoroscopy screen and hand movements; any
differences in use of assistants, non-verbal communication
and distractions may not have been noted.'>%°

In addition, participants may not have treated the
simulator seriously because they realised that it was not
a real patient. Ultimately the transferability of objective
assessment using the valid generic rating scale of endo-
vascular CAS procedures to real live cases needs to be
proven as well as the correlation between skills and patient
outcomes (stroke, survival and restenosis).

In the future, optimal (summative) assessment of
trainees and interventionalists may be a combination of
a valid structured global rating scale along with objective
computerised measurements that will best reflect the
subject’s skill level. Standardised feedback during training
may be delivered using procedure-specific rating scales
(formative feedback).
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