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The model for Fundamentals of Endovascular
Surgery (FEVS) successfully deﬁnes the
competent endovascular surgeon
Cassidy Duran, MD,a Sean Estrada, PhD,b Marcia O’Malley, PhD,b Malachi G. Sheahan, MD,c
Murray L. Shames, MD,d Jason T. Lee, MD,e and Jean Bismuth, MD,a Houston, Tex; New Orleans, La; Tampa,
Fla; and Stanford, Calif
Objective: Fundamental skills testing is now required for certiﬁcation in general surgery. No model for assessing fundamental endovascular skills exists. Our objective was to develop a model that tests the fundamental endovascular skills and
differentiates competent from noncompetent performance.
Methods: The Fundamentals of Endovascular Surgery model was developed in silicon and virtual-reality versions. Twenty
individuals (with a range of experience) performed four tasks on each model in three separate sessions. Tasks on the silicon
model were performed under ﬂuoroscopic guidance, and electromagnetic tracking captured motion metrics for catheter
tip position. Image processing captured tool tip position and motion on the virtual model. Performance was evaluated
using a global rating scale, blinded video assessment of error metrics, and catheter tip movement and position. Motion
analysis was based on derivations of speed and position that deﬁne proﬁciency of movement (spectral arc length, duration
of submovement, and number of submovements).
Results: Performance was signiﬁcantly different between competent and noncompetent interventionalists for the three
performance measures of motion metrics, error metrics, and global rating scale. The mean error metric score was 6.83 for
noncompetent individuals and 2.51 for the competent group (P < .0001). Median global rating scores were 2.25 for the
noncompetent group and 4.75 for the competent users (P < .0001).
Conclusions: The Fundamentals of Endovascular Surgery model successfully differentiates competent and noncompetent
performance of fundamental endovascular skills based on a series of objective performance measures. This model could
serve as a platform for skills testing for all trainees. (J Vasc Surg 2015;62:1660-6.)

The idea behind fundamentals testing is not novel. In
response to the core competency mandates for practicebased learning by the Accreditation Council for Graduate
Medical Education (ACGME) as well as public demand
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for changes in surgical education and the role of learners
in patient care, there has been rapid development of tools
designed to train and assess surgical resident performance.
In conjunction with the Society of American Gastrointestinal and Endoscopic Surgeons, the ACGME has now successfully validated two fundamental skills assessment
models for laparoscopic and endoscopic procedures. The
goal of these fundamentals programs was to “teach a standard set of [skills] in order to help ensure a minimal standard of care for all patients undergoing” laparoscopic and
endoscopic procedures.1 The Fundamentals of Laparoscopic Surgery (FLS) program has undergone robust validation and is now the most broadly adopted simulation
program for assessing technical skill. FLS certiﬁcation, a
prerequisite for certiﬁcation through the American Board
of Surgery, contains both cognitive and skills components,
and has been correlated with clinical performance.2 Similarly, as of 2015, Fundamentals of Endoscopic Surgery
(FES) is also required for board certiﬁcation, after robust
validation of the model for endoscopic assessment.3 These
fundamentals models serve as a template for how to successfully develop and validate a model for standard evaluation of practitioners in a given ﬁeld.
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Fig 1. Fundamentals of Endovascular Surgery (FEVS) model with eight tasks designed to test basic endovascular skill.

To date, endovascular simulation has primarily been
promoted as a tool for vendors to promote and train clients
in their new devices. Although the developers of the simulation technology have created generic simulations that
have been validated to varying degrees, including carotid
artery stenting, renal interventions, and lower extremity
angioplasty,4-6 there is no precedent in the literature for
this procedure-based approach to skills assessment on a
broad scale. In fact, the validated fundamentals models
have intentionally sought to avoid the procedure-speciﬁc
approach to better identify requisite technical skills that
apply to a broad range of laparoscopic/endoscopic procedures for the purpose of trainee assessments.
Given the ever-expanding procedures being performed
by endovascular means, facilitated by the new devices
appearing on the market, expecting each trainee to be
tested on individual procedures would be extremely challenging if not impossible. In reality, endovascular procedures, as with laparoscopic and endoscopic procedures,
can be broken into a series of tasks, and competency builds
on a foundation of basic skills that apply to most interventions. The subtle reﬁnements of those skills (informed by
sound clinical judgment) are the makings of an endovascular expert. The aim of this study was to develop and betatest a simulation platform for its validity for fundamental
skills assessments of endovascular procedures.
Although many global rating devices for endovascular
procedures have been cited in the literature, at present, no
universally accepted device has been adopted by vascular educators. This is partly because the studies that have used

global rating scales to evaluate endovascular skill have been
weakened by a lack of reliability testing, were limited to
testing a single simulated procedure (ie, carotid artery stenting), or failed to evaluate performance in the operating room
as a standard, rather, basing all performance ﬁndings on
virtual-reality simulation cases.4-6 Before initiating this
study, we therefore developed and internally validated a
global assessment tool, applicable to all endovascular procedures, for technical endovascular skill in a live operating
room setting. We then used this tool for assessment purposes
in the current study (Appendix, online only).
In response to the standard criticism that assessment of
procedural-based performance relies too heavily on subjective outcomes measures, electromagnetic tool tip tracking
was performed to allow for motion analysis and, therefore,
objective measurements of performance. These metrics
characterize the quality of movement by smoothness and
efﬁciency using validated algorithms that have successfully
identiﬁed “expert movement” across a broad range of
domains. Motion metrics derived from motor controlinspired metrics have proven useful for quantifying movement for different motor control tasks performed by
healthy individuals and people recovering from various
movement-inhibiting injuries and diseases.7-11
METHODS
Development of the experimental platform. The
Fundamentals of Endovascular Skills (FEVS) model is
nonanatomic (although anatomically inspired) and designed
to enable the assessment of basic endovascular skills (Fig 1).
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Table I. The fundamental tasks list, as developed and
reﬁned by consensus of members of the education
committee of the Association of Program Directors in
Vascular Surgery (APDVS)
Task
1
2
3
4
5
6
7
8

Description
Navigate up and over a bifurcation
Reshape a reverse curve catheter (task requires anteriorly
oriented, downsloping branch cannulation.)
Imaging using oblique C-arm angulation (navigate into
a third order vessel with posterior takeoff)
Cannulate right angle branch
Cannulate a branch vessel extending from an aneurysm
Maintain wire position during catheter/device exchange
Gate cannulation (tests accurate positioning and spatial
awareness in aneurysmal space)
Cannulate branch off of type 3 arch anatomy (reshape
catheter in the arch)

The process of developing the model started with querying
members of the Association of Program Directors in
Vascular Surgery (APDVS) education committee to make a
list of skills that represent a fundamental skills set needed to
perform basic endovascular procedures. During a retreat
held for vascular surgery educators and members of the
APDVS committee for education/simulation, participants
were brieﬂy introduced to the concept of fundamental skills
assessment by one of the developers of both FLS and FES.
After that, all participants in the group listed the skills they
believed to meet the deﬁnition of a “fundamental task.”
Thereafter, each item was discussed individually to assess for
redundancy and under-representation of key skills and then
reﬁned to a list of eight tasks (Table I). The additional item of
ultrasound-guided vascular access was also included; however, it was not included in the ﬁnal list due to limitations of
the proposed platforms as well as pre-existing models and
guidelines for the skill.12
After the initial retreat, we developed a silicone model
that enabled testing of the agreed upon tasks. The group
then reconvened, and the initial prototype was evaluated
informally for face validity and adequate representation of
the agreed upon tasks, after which two subsequent prototypes were created in response to expert feedback. A
follow-up meeting was convened for ﬁnal approval of the
model before initiation of the testing phase.
Testing of the model. For the beta-testing phase of
the study, four of the eight tasks were chosen, based on our
ability to perform motion-based metric analysis without
disrupting the setup for electromagnetic device tracking.
Enrollment was performed consecutively and participation
was voluntary.
Study participants. Twenty individuals (18 men, 2
women) consented to participate in this Institutional Review
Board approved study performed at Houston Methodist
Hospital. Participants included residents with minimal to
moderate endovascular experience, fellows with moderate
to extensive experience, and vascular surgeons with extensive
endovascular experience. For the purpose of analysis,

participants were categorized into a noncompetent group
(those with <30 cases performed as the primary operating
physician) and a competent group ($30 cases performed
as primary surgeon).
Tasks. The participants performed the ﬁrst four fundamental endovascular tasks on each platform repeated over
three sessions in a randomized fashion. The tasks included
for beta-testing were cannulation of an anterior branch,
an up-and-over maneuver, cannulation of a third order,
posteriorly oriented branch, and a right angle branch. The
ﬁrst and second left lateral branches were cannulated while
the C-arm was at 0 (or anterior/posterior), the anterior
branch was cannulated at 75 left anterior oblique, and the
posterior branch was cannulated at anterior/posterior until
the catheter was sufﬁciently inside of the ﬁrst left lateral
branch, where the rest of the task was performed at 75 left
anterior oblique. A preselected catheter and guidewire
were used during each task to navigate to the branch of
interest.
At the time of orientation to the model, participants
were instructed to use proper technique as deﬁned through
expert consensus. This included elements agreed upon by
the group to represent accepted standards, which emphasize or impose safe and effective practice to the users. These
standards included ALARA (as low as reasonably achievable) principles of radiation exposure, maintaining safe
and sufﬁcient wire access for catheter advancement and exchanges, and use of proper reshaping techniques for maximizing beneﬁt of preshaped catheters. The goal was to
successfully advance the catheter tip to an identiﬁed success
point 2 cm inside of the branch of interest in the FEVS
model #5 minutes.
Performance assessment. The Global Rating Assessment Device for Endovascular Skill (GRADES, Table II) is
a structured grading tool that was developed to assess individuals based on their performance in endovascular skills.
One GRADES evaluation was completed for each session
by a trained observer. For the purposes of this study,
only two of the domainsdefﬁciency and wire/catheter
manipulationdwere applicable to the tasks. A review of
validated assessment tools for endovascular skills revealed
that similar limitations would apply, and we therefore
proceeded with the tool validated within our own institution.5,13,14 A combined score of efﬁciency plus wire/
catheter manipulation (score from 0 to 10) was computed
for tasks performed.
Motion analysis. The kinematic movement of the
catheter tip was recorded using the Aurora electromagnetic
tracking device (NDI, Waterloo, ON, Canada) on the
model. The NDI Window Field Generator with ﬁve degrees of freedom electromagnetic sensors was used to track
the position and orientation of sensors placed in the catheter tip when navigating inside of the model. Analysis of
motion metrics examines the quality of movement by
deriving and quantifying number and duration submovements as well as accelerational changes (spectral arch
length) that have been shown to correlate to expertise in
nonsurgical domains. Applying these principles to catheter
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Table II. Global Rating Device for Endovascular Surgery (GRADES) for domains of “efﬁciency,” “wire and catheter
manipulation,” and “use of device” were included for analysis of robotic task performance
Score
Category

1

3

Efﬁciency

Constantly changing focus of
operation or persisting at a task
without progress

Slow but planned and reasonably
organized

Wire and catheter
manipulation

Often unaware of the wire position,
frequent loss of wire without
losing position

Use of the device

Inappropriate position, pressure and
deployment

Image quality

Unable to clearly capture relevant
anatomy and does not
understand which views are
necessary for the case

Image safety
(ﬂuoroscopy,
contrast use)

Uses much more ﬂuoroscopy
and/or contrast than is required
to capture good quality images:
seems unaware of the ﬂuoroscopy
or contras use
Unable to complete the entire
procedure, even with extensive
verbal guidance

Maintains awareness of wire
position with occasional loss of
wire access; can exchange a
catheter over wire but slowly and
with hesitation; occasional back
and forth motion of wire
With effort can position the device;
seems to understand appropriate
pressures and deployment
procedures but is hesitant.
Clearly captures relevant anatomy
after several attempts; uses
different views to do so; doesn’t
capture all required views for the
procedure.
Makes an effort to minimize
ﬂuoroscopy and contrast use but
uses more than is absolutely
necessary to capture good quality
images
Able to complete procedure with
moderate verbal prompting

Autonomy

tip motion analysis objectively characterized the quality of
motion and correlated it with performance.15
Data analysis. Data were obtained from the movement of the catheter tip and the global rating scale while
participants executed each of the experimental tasks. After
the combined global rating score per session for each
participant was obtained, a Pearson correlation coefﬁcient
was computed to assess the relationship between each
repeated measure from each metric to the global rating
scores.

5
Conﬁdently conducts operation,
maintaining focus on component
of the procedure until better done
by another approach
Always aware of wire position, no loss
of wire access, efﬁcient exchange of
catheters over wire without
hesitation
Effortlessly positions the device in the
appropriate position, and accurately
uses the correct pressure and
deployment strategies
Clearly captures relevant anatomy
within the ﬁrst few attempt;
understands and utilizes all required
views for optimal imaging
Clearly understands the importance
of minimizing radiation exposure
and contrast use and dies so while
simultaneously capturing high
quality images
Able to complete procedure
independently without verbal
prompting

Table III. Correlation coefﬁcient s (r) and P values
comparing motion metrics and global rating scores for
manual catheterization of physical model
Model
Metric
Number of submovements
Average submovement duration, seconds
Spectral arc length

r

P value

0.80
0.79
0.77

.001
.001
.001

RESULTS
Overall, the success rate for task completion was 99%
(100% for the competent group). Global rating scale results
for the efﬁciency and catheter/wire manipulation domains
were signiﬁcantly different between the two groups. The
mean total (of a possible 10 points) for was 8.6 for the competent users and 4.3 in the noncompetent group (P ¼ .039).
Completion times were not signiﬁcantly different between
the two groups for any task (Table III). Analysis of the
GRADES score and its correlation to motion metrics, R
values (obtained by averaging the data for each metric across
all tasks and all sessions) were strong (Table IV).
Motion analysis revealed that for three of the four
tasks, there were signiﬁcant differences in performance level
of the competent and noncompetent participants, the

exception being the anterior branch (Fig 2). We believe
that this was because the model allows for cannulation of
the branch without correctly reshaping the catheter. This
error was captured in the postprocedure video review,
but in this instance, the shorter (more efﬁcient) pathway
was the incorrect maneuver, namely, failing to reshape a
reverse curve catheter.
Learning curve. In per-session analysis, we noted no
improvement in performance across sessions (Fig 2), indicating that no learning occurred across the three sessions.
This is important, because it indicates that proper performance on the model cannot be “learned” with limited
practice.
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Table IV. Completion times for competent and
noncompetent participants on the Fundamentals of
Endovascular Surgery (FEVS) model
Variable
Right angle
Up and over
Anterior
Third order; posterior

Competent,
seconds

Noncompetent,
seconds

P
value

35.4
41.7
79.6
112.4

31
44.4
81.4
121.9

.74
.35
.89
.59

DISCUSSION
The fundamentals model has been well validated in laparoscopy and endoscopy as a means of assessing competence.
The process used for successfully developing these models
has likewise been well described. In light of the growing interest on the part of the surgery and vascular surgery boards
as well as ACGME to include technical skills assessments in
the certiﬁcation process, that the model adopted is valid,
accessible, and yields reproducible results is crucial. To
develop a model that would test the fundamental technical
skills of endovascular interventions, we relied on expert
consensus from a number of experienced vascular surgeons,
including several members of the APDVS education
committee.
For the validation process, we explored objective
motion-based metrics of performance16 and correlated
these ﬁndings with subjective assessments in the form of
a global rating scale for endovascular procedures and based
on previous endovascular experience. Movement smoothness is widely regarded as a hallmark of skilled, coordinated
movement and has been used as a measure of motor performance in basic motor control tasks and rehabilitation
applications.13,14 Given the previous successes of objective
assessment of laparoscopic surgical skill using motion-based
performance metrics, we sought to explore the applicability
of such measures for evaluating fundamental endovascular
tasks. We included motion-based metrics inspired from
principles of human motor control. These measures, such
as smoothness of movement and movement efﬁciency,
which we derived from the kinematic data of tool tip motion, give insight into the quality of movement.10 This
study is the ﬁrst to explore the potential application of
these metrics in the evaluation of the tasks performed during endovascular procedures.
The submovement extraction algorithms are designed
to identify the number of discrete units of movements
and key characteristics of those movements for motion
data. They quantify the absolute number of discrete movements within a given motion aimed at completing a task
and the duration of each of these movements. Motion analysis has shown that expertise for the performance of any
given task is inversely proportional to number of movements and directly proportional to movement duration.
Simply put, submovements are fewer in number and longer

in duration for experts. These characteristics contribute to
the smoothness of the pattern.
Spectral arch length examines the changes in acceleration over time by transforming them onto the frequency
domain, as opposed to the time domain, and is a representation of the Fourier transformation of acceleration changes.
Because performance was not correlated to time, assessment
on the frequency domain proved to be a valuable alternative
approach for quantifying the complexity of the speed trajectory and, therefore, to demonstrate an alternative approach
for objective measurement of performance. Although these
metrics all quantify smoothness, they are mathematically
distinct. As such, they are not redundant, but rather enhance
the overall validity of the approach.
Surprisingly, task completion time did not correlate
with experience. These results were contrary to results
from studies assessing the performance of laparoscopic surgery,11,17 where task completion time was a useful metric
for determining skill level. Although the novices rapidly
completed some of the tasks, the process for doing so
revealed maneuvers that would not be considered safe in
a clinical setting (ie, advancing a catheter without a wire
in place). The concept of inculcating fundamental skills in
endovascular surgery is to promote safe trainees. What
they ultimately end up doing as they progress into more
advanced stages of their careers is not the benchmark
here. Rather, this model will provide a training and assessment opportunity for a good foundation in endovascular
skills.
Validation of the FEVS is contingent on not only the
validity of the model itself but also the assessment tools.
Motion metrics have been previously validated, as has the
GRADES score. For high-stakes testing, however, there
must be a more detailed and robust means of evaluating
performance. This assessment should be done by a trained
grader and must be reliable, valid, and easy to use. We are
in the process of validating an error metric scoring tool
(through analysis of video from the ﬂuoroscopic images
obtained during data collection for the current study)
that will capture speciﬁc errors. Ideally, this tool would
not require grading to be performed by an expert in the
ﬁeld, but rather, a well-trained layperson would be able
to reliably assess users. Similarly validated procedural
checklists and global rating scales require that the assessor
have high degree of knowledge/experience,13,14 and
avoiding this requirement is crucial to the viability of the
platform for widespread acceptance. Like the model itself,
development of this tool requires expert consensus, must
be thoroughly vetted through validity testing, and likely
requires the additional input of psychometricians trained
in the ﬁeld of testing development, because it will serve
as the basis for standardized evaluation. In its current
format, the error metric scoring tool developed for the
model effectively differentiates performance between the
two groups. It nonetheless requires further validation steps
to ensure it is sufﬁciently robust and reliable in this setting.
Among the primary limitations to this study, which we
plan to address as we move forward with the validation
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Fig 2. Mean metric scores for competent (red) and noncompetent (blue) participants performing fundamentals tasks:
(A) spectral arc length metric scores, (B) number of submovements metric, and (C) duration of submovements metric.
The error bars show the standard deviation.
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process for this model, are the limited number of participants (especially experts) enrolled. This pilot series of
data was collected from a small number of individuals at
a single institution. We plan to expand our study to include
multiple training institutions and increase the number of
experienced individuals in our pool of participants. We
will also test all eight tasks on the next round of validation
testing for the model.
The silicone model assessed here offers an inexpensive
model for the development of a training or testing platform
that could be easily accessible to all interventional trainees.
We believe model accessibility is critical for such a training
program. At a cost of <$8000 for the FLS system and
complete accessory package, this has likely played a major
role in its success.
For the high-stakes testing platform, it is likely that a virtual model (made available at designated testing centers) will
serve as a more reliable and precisely measurable platform.
The FEVS model has been developed in an identical virtual
format through a collaboration with Simbionix (Cleveland,
Ohio). In the next phase of validity testing, the virtual model
on the Simbionix simulator will serve as an additional platform for evaluation, and the larger, multi-institutional
studies now in their infancy will provide the important answers to these questions.
CONCLUSIONS
The FEVS model successfully differentiates competent
and noncompetent performance of fundamental endovascular skills based on a series of objective performance measures. This model could serve as a platform for skills testing
for all trainees.
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APPENDIX (online only).

Intraoperative validation of a Global Rating
Assessment Device for Endovascular Skill
(GRADES)
Cassidy Duran, MD,a Brian Dunkin, MD,b Vid Fikfak, MD,b and Jean Bismuth, MD,a Houston, Tex
Objective: Endovascular skills assessments have been widely implemented in simulation studies without rigorous validation. In the manner of the validation process performed for the widely endorsed Objective Structured Assessment of
Technical Skills and Global Objective Assessment of Laparoscopic Skills assessments, we sought to develop a tool based on
modiﬁcations from the previously used global rating scales of Reznick, Chaer, and Lee, for endovascular procedures. The
aims of the study were to assess inter-rater reliability, assess internal consistency, and evaluate the tool’s ability to
ascertain construct validity of endovascular performance.
Methods: The Global Rating Assessment Device for Endovascular Skill tool was developed based on modiﬁcations from
previously published work. The tool was piloted at simulation courses (n [ 30) and anchors further reﬁned to optimize
accuracy of assessments. Two trained assessors used the ﬁnalized tool to complete 30 evaluations in a wide range of live
endovascular cases.
Results: Trained assessors achieved good inter-rater reliability scores in 5 of 6 domains and the total score (r value range,
0.69-0.77). Internal consistency was high, with a Cronbach a score of 0.89. Experienced trainees outperformed novices
across all domains.
Conclusions: The Global Rating Assessment Device for Endovascular Skill tool is a valid device for assessing endovascular
performance and should be used as the standard global rating device for endovascular skills assessment going forward.

Surgical skills assessment is rapidly becoming an
essential component of residency and fellowship training
and requires an objective, standardized toolset for evaluating trainees. This is especially true when developing a
curriculum for widespread credentialing of trainees,
because those being evaluated must be reliably and
consistently evaluated by multiple assessors. General surgery programs have already begun incorporating these
types of standard assessments, such as the Fundamentals
of Laparoscopic Surgery, which is now prerequisite to
sitting for the boards. Governing bodies in vascular surgery are likewise in the process of setting milestones for
cognitive, nontechnical, and technical skills that are on
track to be incorporated into the credentialing process
in the near future. These requirements necessitate the
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creation of generally applicable, consistent assessment
tools for endovascular procedures.
Global rating scales have been widely shown to be
valid, user-friendly tools for assessing surgical skill. They
have uniformly been shown to be preferable to procedural
checklists throughout a variety of surgical subspecialties.
Reznick et al1 ﬁrst validated a global rating scale in their
description of a novel Objective Structured Assessment of
Technical Skill for general surgical procedures. This methodology has since been widely applied to other disciplines
and procedures with good results.2-4
In the endovascular community, modiﬁed versions,
however, have often not been rigorously validated
before being used to validate the proposed simulation
tasks themselves. The studies evaluating endovascular
skill using global rating scales have been weakened by
a lack of reliability testing, testing a single simulated
procedure (ie, carotid artery stenting), or failing to evaluate performance in the operating room as a standard,
rather basing all performance ﬁndings on virtual-reality
simulation cases.5-7 As the stakes become higher and
skills assessment moves from the realm of research to
a required step towards certiﬁcation, it is crucial that
our assessment methods use reliable, reproducible, and
valid tools. As such, there remains no universally agreed
upon rating system for these types of procedures. The
goal of this study was therefore to develop and validate
a global assessment tool, applicable to all endovascular
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procedures, for technical endovascular skill in a live
operating room setting.
METHODS
Participants and evaluators. Participants were
recruited under an Institutional Review Board-approved
protocol. During the initial development of the global
rating scale, vascular fellows were recruited at endovascular
skills courses to test and reﬁne the scale. The scale was
piloted for use on simulators at two such courses and
further reﬁned based on ﬁndings from 60 participants.
Thereafter, trainees at a single institution were recruited for
participation in the study. Participants were categorized
into an experienced group (postgraduate year 7 in the ﬁnal
2 months of training) with >200 endovascular cases performed and a novice group (postgraduate year 6 within the
ﬁrst 2 months of training) with <30 cases performed.
Evaluators with signiﬁcant endovascular experience
(vascular surgeons with $5 years of post-training experience and a technologist in the animal laboratory for catheterization with >25 years of experience as a catheterization
laboratory technologist and interventional animal laboratory researcher) were instructed on the appropriate use of
the tool in a series of training sessions. Evaluations were
then performed in 30 live cases.
Global Rating Assessment Device for Endovascular
Skill. The Global Rating Assessment Device for Endovascular Skill (GRADES) rating scale consisting of six domains, each graded on a 5-point Likert scale, was
developed through a process of expert consensus, pilot use
at endovascular skills training events, and serial reﬁnement
of anchor descriptors for scores of 1, 3, and 5.
Evaluation. The trained evaluators assessed performance in the operating room in a variety of endovascular
cases. These consisted of carotid artery stenting (n ¼ 1),
endovascular aortic aneurysm repair (n ¼ 5), peripheral
and renal interventions (n ¼ 18), and central venous lesions
(n ¼ 6). Performance was scored using the GRADES tool
immediately postoperatively. Trainees were then asked to
use the same rating scale to self-assess their own performance. Completed assessments were separately entered
into a database by a blinded third party. Correlation scores
were calculated between the faculty vascular surgeon performing the case (trained assessor) and the trainee (selfassessment).
Statistical analysis. Data were collected and analyzed
in Excel (Microsoft Corp, Redmond, Wash). Internal consistency was calculated using the Cronbach a, and interobserver reliability was assessed with the intraclass correlation
coefﬁcient. Construct validity was evaluated by the Student
t-test, correlating scores with experience level. A P value
of <.05 was considered statistically signiﬁcant.
RESULTS
A total of 30 assessments were performed on a variety of
venous and arterial endovascular procedures, including
lower extremity and visceral angioplasty and stenting, endovascular aortic repair, and central venous interventions.

Total performance scores correlated with trainee experience
(P ¼ .0008), and each domain displayed a clear difference
between experienced and novice trainees. Internal consistency was high (Cronbach a ¼ 0.84). Good interobserver
correlation was demonstrated for the total score (r ¼
0.83) and ﬁve of the six domains. Scores on the domain
that correlated poorly between assessors (use of the device)
correlated well (r ¼ 0.71) between the two hands on participants in the case (faculty assessor and trainee); however,
trained assessors demonstrated more reliable agreement in
the other ﬁve domains than the assessors-trainees.
DISCUSSION
In previously published endovascular global rating
scales, there is often no analysis of interobserver reliability.5-7 A small number of studies have successfully
demonstrated the validity of a scale, but only in a single
procedure type and only in the simulated setting.8-10 A
2010 review of assessments for endovascular skills found
seven studies that had used global rating scales as part of
their evaluation process.10 Five of the investigators used
global rating scales to assess performance on virtualreality simulators with the aim of assessing construct validity of the simulated task, one study assessed transference of
skill acquired on simulators to the operating room setting,
and one used a porcine model.
Evaluation tools and simulation tasks are often lumped
into a single concept for studies examining technical skills
assessment. The validation steps for these two important
components of developing educational models must, however, be considered independently. One must ﬁrst have a
well-validated means of performing assessments, which
can then be applied to the validation process for the tasks
themselves. By starting in a live operating room, a setting
in which there can be no doubt that the task is representative of the skill being assessed, we eliminated the potential
confounding variable of the simulator.
Inter-rater reliability speaks to the degree to which two
trained observers agree about the performance rating
awarded for a given task being assessed. Reliability in
scoring is crucial for an assessment that could affect passage
of milestones for certiﬁcation. In arguably the most
rigorous validation work performed in endovascular assessment to date, Bech et al11,12 addressed the lack of wellvalidated tools available by developing the Structured
Assessment of Endovascular Expertise, a comprehensive
assessment tool for evaluating technical and nontechnical
skills. Although the work successfully validated the tool
for iliac angioplasty in a virtual environment, only three
points on the scale speciﬁcally assessed technical skill.11,12
Their work reinforced the utility of global rating scales,
but the comprehensive 29-point assessment tool is too
broad for use in a strict technical assessment.
The Van Heerzel et al10 validation of simulation for carotid artery stent procedures included reliability testing of
the tool, but broad applicability to other endovascular procedures is unclear. In most of the studies, modiﬁed versions
of Reznick’s Objective Structured Assessment of Technical
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Skill tool were used without prestudy validation and often
by a single user, meaning tasks were being assessed for
construct validity by a single rater’s score.
Although such use of a process is perhaps acceptable
for introducing new concepts in virtual simulation,
higher-stakes assessments require more rigorous reliability
testing. Both components of reliability (ie, quality of the
tool and training of the assessor) were thoroughly
addressed in this study through multiple tool reﬁnements
as well as extensive discussion guided by case observation
to agree on appropriate performance rating. The descriptive anchors used for scores of 1, 3, and 5 on the tool
were modiﬁed after piloting of GRADES in simulation settings to minimize variance based on individual interpretation of the scale.
Internal consistency measures the degree of correlation
among different items on a test that is designed to measure
performance on an overall construct and is an additional
means of supporting validity. Internal consistency was
high (Cronbach a ¼ 0.84), indicating that the items tested
correlate. This would be an expected result in a sound tool,
because one would anticipate that as training proceeds,
performance should improve equally across the individual
components that comprise overall endovascular technical
skill.
Finally, the construct validitydthe capacity of the tool
to differentiate trainees at the novice level from those with
more robust endovascular experiencedrepresents a necessary component of tool validation. Again, we believe that
by assessing performance in the operating room, we have
eliminated the potential confounding element of the simulator itself. Furthermore, the case variety represented in the
current study ensures the broad applicability of the tool to
all endovascular procedures.
This work has some notable limitations. We chose to
evaluate a live case, despite the entailed bias, because
consensus among our study group was that video-based
performance evaluation would potentially limit our ability
to fully evaluate all domains. By choosing to evaluate live
case performance, blinding was not possible. This limitation was mitigated somewhat by the second assessor, who
was not familiar with the participants before enrollment
in the study. The strong correlations between that unbiased assessor and the faculty surgeon also participating in
the case suggest that our results were not strongly impacted
by bias.
CONCLUSIONS
As demand grows for including technical skills assessments in both the training and credentialing process for
vascular surgeons, the need for a single reliable, wellvalidated, and widely applicable tool is growing. The
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GRADES tool is a valid device for assessing endovascular
performance and should be used as the standard global rating device for endovascular skills assessment going forward.
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