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Abstract

Introduction

Procedure based assessment (PBA) has been shown to be valid and reliable
in the workplace however whether this translates to the simulation setting
has not yet been demonstrated. Therefore the aim of this thesis is to
demonstrate that PBA is a valid, reliable and responsive assessment tool in

simulated vascular procedures.

Methods

Three experiments based on simulated vascular operations were designed
to explore the validity, reliability and responsiveness of PBA utilising 3
commonly performed vascular procedures. The global and task specific
checklist (GTSC) and global summary score (GSS) of a modified PBA were
analysed separately. Validity was determined by correlating performance
with prior operative experience (number of operations previously observed
and performed) and stage in surgical training. Reliability and
responsiveness was determined by use of multiple raters and assessing

change in performance over time.

Results

The modified PBA was found to be a valid assessment method based on
number of operations previously performed (r=0.446 p=0.029 for the GTSC
and r=0.553 p= 0.005 for the GSS) but not for operations previously
observed. Only the PBA GTSC was valid for stage of surgical training (r=
0.588 p=0.002). The modified PBA demonstrated good inter-rater reliability
(r=0.665 p=0.005 for the GTSC and r= 0.843 p> 0.001 for the GSS) during
simulated vascular procedures. Intra-rater reliability was not
demonstrated. The PBA GSS was found to be responsive to improved
performance (WSR p< 0.001) but the PBA GTSC was not (WSR p = 0.104).



Conclusion

The modified PBA is a valid assessment of surgical skill when correlated
with previous operative performance. Observation alone appears to
contribute little to assessment outcomes. Performance is index specific
and not fully dependant on training level. PBA has only partial reliability in
simulated vascular procedure due to the lack of intra-rater reliability. PBA
was responsive to practice effect suggesting it could be useful to monitor
trainee performance in simulation. PBA potentially has a role in simulation
assessment but did not demonstrate sufficient reliability for high stakes

examination.
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Preface

This work arose due to the many frustrations | had as a surgical trainee
undertaking and defining the purpose of Procedure Based Assessment
(PBA) within the context of my surgical training. Like many trainees and
trainers | often saw PBA as a tick box exercise that contributed little to my

training.

Undertaking a period of research and supported by studies for a Masters in
Clinical Education | began to see the role of PBA within the surgical
curriculum. While PBA was designed to be an “assessment for learning” it
has also become clear that it is an assessment designed to provide
“evidence of learning” certainly this has become the case during many

trainees yearly appraisal process.

Given the weight now placed on work placed based assessments in
ensuring trainees can progress satisfactorily in their training | felt that
evidence should be sought to establish that PBA represented a meaningful
assessment of trainee performance i.e. was it a valid, reliable and
responsive tool to monitor trainee performance and progression?
Simulated procedures are increasingly being incorporated into surgical
training and seemed an ideal media that were readily available to explore

the psychometric properties of PBA and so this thesis was born.

| was unaware at the beginning of this research that there were other
surgical assessment tools such as the Objective Structured Assessment of
Technical skills (OSATS) or Imperial College Evaluation of Procedural
Technical Skills (ICEPS) which may have been better suited to evaluating
simulated assessments; however since PBA was the main WBA that was in

common use in the UK at the time, | persevered.

11



The Yorkshire Deanery had also recently purchased a number of
endovascular simulators one of which was sitting underutilised in the
clinical skills centre at Hull Royal Infirmary. This also seemed a ideal
opportunity to see if PBA could be applied to assessment of endovascular

procedures as well as open vascular simulation.

Since undertaking this research PBA has been studied in the workplace and
that research has answered some of these questions which are discussed
further in this thesis. However, hopefully this study will add to the evidence
base of PBA and potentially define a role for PBA in surgical simulation

training.

The research undertaken in this thesis was performed between September
2010 and September 2012. Application for registration of the degree of MD
was made in September 2011 and the final thesis was submitted after a

write up period of 1 year from September 2013 to September 2014.
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Chapter 1: Introduction

1.1 Background

Assessment of surgical and technical skills in trainees has until the last
three decades been a poorly researched area of surgical curriculum
delivery and education, hampered in large part by the ever changing
components of curriculum and desirable characteristics which we wish to
measure in the surgical trainee(1) . It has been an evolutionary process,

which has been driven by a number of influences.

Early assessment processes lead by individual centres of learning focused
on structure and process based assessment of students where knowledge
acquisition was the focus of the curricula and the ability to remember and
regurgitate facts on demand was the ethos of such assessment(2). Models
of surgical education were until relatively recently based upon an
apprenticeship acquired through long hours of observation and service
provision(3) . Progression though the disciplines of medicine, surgery and
many other specialities is still governed through formal examination
administered by the Royal Colleges where knowledge is tested in a formal,
norm referenced, pass or fail manner based around knowledge acquisition.
But they too, are beginning to be influenced by the changes in surgical
education and research and the requirement for comprehensive
procedural skill assessment as well as knowledge. This is evidenced by the
introduction of Objective Structured Clinical Examination (OSCE) into the
surgical examination process at membership level. However this is still not
yet part of the final Certificate of Completion of Training (CCT) which is

required before trainees can take up a consultant post.

Prior to 2007 when workplace based assessments were introduced though

implementation of the Intercollegiate Surgical Curriculum Project (ISCP)(4)

15



the surgical assessment of the psychomotor skills necessary to perform as a
safe independent practitioner was inferred by time served, log books and
yearly appraisal processes that were dependant on subjective supervisor

reports rather than an objective appraisal of surgical skill(5, 6).

Over time the discipline of surgical education has evolved to become a
research area in its own right and has had a growing impact on how
surgical curricula are designed, implemented and indeed measured(7). The
rise of outcome and objective based curricula, the earliest example of
which is described by Ralph W Tyler in the 1950’s which advocated a broad
view of learning objectives(8), has had large impact on surgical curricula
which is evidenced by the present incarnation of the ISCP where learning
outcomes are behaviourally defined. This approach has been advocated by
the General Medical Council(9) and been incorporated in to the
undergraduate and post graduate curriculum in a wholesale manner and
has had a heavy impact on how workplace based assessments are

structured and implemented(10).

The changes in surgical assessment have also been politically driven and
influenced. There is a growing demand by the general public to see a more
rigorous evaluation of practicing surgeons and doctors. Notably in the
wake of the Bristol Heart and Shipman inquiries where the behaviour,

probity and technical ability of practicing doctors was questioned(11, 12).

Together these drivers had brought about the development and evolution
of the work placed based assessments (WBA) and in particular the surgical
procedural assessment known as Procedure Based Assessment (PBA) and,
in the coming years, for formal revalidation processes that will objectively

look at medical practitioner’s performance in the workplace(13).

However Procedure Based Assessment was introduced into practice as an
aid for trainees to receive feedback on their performance in a formative

manner. But there has been a growing emphasis on using PBA as
16



summative assessment tool with increasing numbers being required at
each Annual Review of Competency Progression (ARCP) in order to allow
progression through to the next stage of training. Some may argue this
negates the very purpose of its inception which is primarily as an aid to

learning(14).

This change of purpose means that PBA should be subject to scrutiny as a
tool of assessment and yet we have little knowledge as yet on whether it is
valid, responsive and a reliable assessment tool in assessment of and
progression of psychomotor surgical skill. We also do not know if using PBA
can result in a superior product, the practising surgeon. Indeed except for
the WBA known as multisource feedback (MSF), which has been shown to
confer a change in behaviour (15) there is little other than inference that it

is a beneficial assessment.

The increasing emphasis on safety and scrutiny of surgical performance in
national audits, combined with decreasing exposure to theatre time due to
the constraints of the European Working Time Regulation(16), mean that
surgical programme directors and trainers are looking for additional ways
to train the next generation of surgeons more efficiently(17). The
competency defined curriculum as opposed to a time limited programme
which incorporates PBA may provide one answer. However this means that
such assessment methods have to be rigorously assessed and validated in
order to ensure that they confidently reflect the trainees performance if
we are to rely on them to inform progression. An alternative, which may
provide part of the solution, is to assess competencies using simulated
procedures (18-20). This approach circumvents some of the issues of
obtaining access to theatre lists; which has been problematic, can provide a
controlled environment and reduce some of the variables that can affect
trainee performance. This may involve difficulty of the procedure, fatigue

and the high stakes element which is present when assessing trainees

17



during live operations(21). Increasingly complex high fidelity simulators are
being designed to replicate part or all of many index procedures available
in the ISCP (22-26). There is a growing body of evidence that simulation can
shorten learning curves and increase trainee confidence. It can also provide
a learning experience equal to that provided by operating in theatre on

patients, but without the risk of complications(27-31).

Controlled deliberate practice develops expertise(32, 33) and when
combined with experienced feedback from a senior clinician can provide a
powerful adjunct to traditional training methods(34-38). But in the arena of
surgical practice we have in the past poorly evaluated simulated surgical
skills courses where attendance and participation have been mandatory
but where little effort has been made to formally assess and benchmark
standards and this is the very essence of PBA as it sits at the moment
within the ISCP and surgical practice: it is a bench marking tool for
assessing competency in a particular procedure but there is no evidence as
yet to assume it can infer competence in other areas of surgical practice or

procedures.

Combining the use of PBA in assessing surgical simulation may allow all of
the potential of PBA to be fulfilled, as a tool to provide feedback, to
monitor progression, to bench mark standards of surgical skill in a
controlled environment and if necessary to provide evidence of technical

competence in the revalidation process(21, 39).

At present the evidence base for PBA is scanty and this will be explored in
the following chapters. The purpose of this thesis and in the experiments
designed within this study will be determine if PBA has a role in the
simulated environment and if it is a valid, reliable and responsive tool to

assess simulated vascular procedures.
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1.2 Study Aims

The main study aim of this thesis will be to determine if Procedure Based

Assessment has the potential to be a valid, reliable and responsive tool in

assessing vascular simulation technologies. The following study aims will

be explored:

Is PBA a valid measure of surgical performance as measured by
previous surgical experience; as determined by number of
operations previously performed and observed and training level in

vascular simulated procedures?

Does PBA possess concurrent validity with a previously validated
assessment tool in surgical simulation; Objective Structured

Assessment of Technical Skills?

Is PBA a reliable measure of surgical performance as determined by
inter-rater and intra-rater reliability observing simulated vascular

surgical procedures?

Is PBA a responsive tool in measuring surgical performance as
determined by observation of simulated endovascular surgical

procedures?

19



1.3 Validity, Reliability and Responsiveness

The evaluation of assessment tools such as PBA which measure observable
behaviours such as surgical skills is known as psychometrics(40). This is a
discipline which involves the development and refinement of psychological
measurement, typically involving measuring behaviour, knowledge,
attitude and educational assessment tools. Sir Francis Galton is credited
with the creation of the discipline of psychometrics in his research into the
area of how humans differ from each other, initially in their levels of
intelligence, strength or motor function and was informed by ideas from
his cousin Sir Charles Darwin and his seminal work the Origin of the
Species(41). Galton was credited with developing regression and
correlation statistical analysis and was particularly keen on measuring the
measurable and felt something was only of scientific importance if it could
be quantified. At similar time a number of German psychophysicist such as
Gustav Fechner and Wilhelm Wundt were experimenting in measuring
stimulus and response behaviour and are responsible for some of the first
descriptions of experimental psychology. In conjunction with the early
statisticians at that time including Spearman and Galton a discipline arose
that was able formulate models and methods to measure empirically
collected psychological data that then allowed the researcher to draw
behavioural inferences. In 1935 the Psychometric Society was founded
which is concerned with three main areas of research; psychological
scaling, educational and psychological measurement and factor

analysis(42).

Appling psychometric evaluation to educational assessment tools such as
Workplace Based Assessments can be facilitated by exploring the Utility

formula(43). The Utility formula defines the desirable characteristics that
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potentially can be measured to determine if an educational assessment has

the potential to be worthwhile.

Educational impact x reliability x validity x cost effectiveness x

acceptability(44)

Clearly the educational impact of educational assessment tools such as
WBA are extremely difficult to measure and quantify as the effect of such
assessments cannot be fully evaluated until trainees have been through
the defined curriculum and surgical system and the effect of this training
method evaluated, a outcome in itself that is not easily quantified or
measured. Likewise cost effectiveness and acceptability are also heavily
linked to whether a tool can demonstrate an educational impact on the
trainee. As a poor educational impact would reduce any intervention’s cost
effectiveness and ultimately acceptability to the trainee, trainer,
curriculum designer and the general public who have a vested interest in
ensuring money is well spent and surgeons and doctors are trained to the

highest possible standard.

A surrogate for educational impact can be considered the sensitivity of a
WBA to detect change over time; a property known as responsiveness (45,
46). This is particularly important in simulation training where students
appreciate being able to monitor their progress and have clearly defined

benchmarks and goals to work towards(47).

Determining validity and reliability and indeed responsiveness of an
assessment tool are early key fundamental steps in determining the
usefulness of any assessment tool(48) and one of the simplest ways to
measure educational assessment models in the discipline of psychometrics
is known as classical test theory. This theory assumes that raw scores such
as assessment scores are measurements and can be assigned a value
according to predefined rules. The research then focuses on determining if

the scores are associated with underlying variables or associations. The
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basic premise is that a total test score is made up of multiple items which
contain a true score and random error component, both of which can be
measured(49). But there are limitations to classical test theory as the
results developed from the data set are dependent on the sample being
tested and so can limit the generalizability of the data unless the sample

that is being used in highly representative of the study population.

The utility formula provides a useful framework to assess the psychometric
properties of PBA in a quantitative manner. Particularly so in a simulation
setting where certain behaviours are being assessed. Indeed the PBA form
itself is a list of statements of behaviours which are normally assessed in a
binary fashion. Certainly validity, reliability and responsiveness are
properties that can be mathematically measured and processed to test a
statistical hypothesis. Factors such as cost effectiveness, acceptability and
feasibility which are often quoted in addition to Cees Van der Vleutens’
original utility formula(50) are perhaps best explored with qualitative
research methods where a framework such as SWOT analysis can be
utilised to assess the strengths and weaknesses of an assessment process
rather than the tool itself. While the properties of acceptability, feasibility
and cost effectiveness are clearly important to the functionality of the
assessment in the real world if the assessment does not at least possess a
degree of validity and reliability then it is not representative of the
curriculum being assessed nor can it be relied upon for examination and

summative purposes.

This highlights a well known dichotomy as to what constitutes a perfect
assessment tool; while all the factors highlighted in the utility formula are
clearly important whether the tool is to be used as a summative
assessment instrument or formative purposes will dictate how important
each of these factors should be. In order for a behavioural assessment tool

to be highly representative of a behavioural curriculum objectives it should
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possess a high degree of construct validity i.e. measures and differentiates
between the psychometric skills it has been designed to measure. In
contrast, reliability is not relevant to the individual learner, where feedback
and validity are the most important. Reliability is important for summative
and pass/fail purposes, indeed an assessment may be highly reliable but
this may be at the cost of validity and the ability of an assessment tool to

provide feedback and a useful learning experience(50).

1.2.1 Validity

Validity in psychometric measurement encompasses a range of diverse
definitions that reflect subtlety different ways of measuring validity.
Review of educational literature often highlights this fact and readers are
faced with a bewildering array of definitions such as face, content,
concurrent, convergent, divergent and construct validity(40, 45, 48). This
can make interpretation of educational literature on assessment
instruments difficult and comparison between studies nearly impossible as
frequently authors present data on only one element of validity which can

cast doubt on the validity of that instrument as a whole(51).

Unification of the concept of validity has been explored. Lee J. Cronbach
and Paul E. Meehl in 1955(cited by Colliver 2012(52)) presented a paper in
which they define predictive, concurrent, content and construct validity.
They state the first two types of validity are what are known as criterion
orientated validation procedures or where evidence is sought of a
relationship between the attributes in a measurement tool and the
variable under study(52). This is contrasted with DeVon et el(48) who
suggest that construct validity is an overarching concept, which is reflective
of more current thinking, where concurrent, predictive, convergent and

discriminant validity are forms of criterion related validity as opposed to
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face and content validity which are forms of translational validity: a term
used to imply a tool is a translation of the construct under study. The
relationships between these types of validity are illustrated in figure 1

(page 28).

However the consensus that emerges from the literature is that construct
validity is desirable when other forms of validity are deemed to be
insufficient and that it can be defined by the statement “does the test or
evaluation measure what it purports to measure” according to Cronbach
and Meehl (cited in Moss 1992(53))suggest that for such construct validity
to be scientifically correct it had to demonstrate observable or statistical
laws which tie observations to one another and also central to this concept
was the directionality of the hypothesis under study. Since that time others
have argued that construct validity should also consider the social
consequences of how the data was used (53-56) which depending on the
type of assessment administered may have ethical considerations but
certainly links in with the broad outline of acceptability within the Utility

formula.

In the context of this study the assessment tool being studied is measuring
desirable behaviours in a surgical trainee rather than knowledge. Content
and face validity of PBA has already been established, and so the concept
of construct validity as defined by DeVon(48), an overarching concept, best
fits the investigation of a tool that has been designed to determine

differences in surgical performance and progression.

Nested within the concept of construct validity are the many lesser types of
validity as outlined in figure 1 (p28), only some of which would be
applicable to PBA in this instance but none which would describe the
relationship between PBA scores and surgical performance which is one of

the aims of this thesis. These lesser types of validity can contribute but not
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necessarily confer validity of an assessment method or tool and can be

defined as the following:

Face validity is conferred to an assessment when the tool or
method appears to represent the construct under study. An
example of this would be an assessment tool such as an itemised
check list which appears to represent each step of a procedure that
needs to be evaluated. Classified as translational it appears to
reflect or translate from the construct under study. It is considered
less than robust due to the lack of statistical or observational rigour

applied to its inception(45).

Content validity may appear at first glance to be very similar to face
validity; the content of an assessment method or tool reflecting the
assessment itself. However in this instance the content of the
assessment has been derived from an iterative process often
including a panel of experts who evaluate each question or item
within an assessment to determine what should be included. Items
or questions are often derived from a pool of information gleaned
from the literature, expert opinion or qualitative research.
Statistical rigour can be applied in this instance and one method
that illustrates this process well is where items can be rated by each
expert to calculate a Content Validity Ratio (CVR) which is then
compared to a table of minimum values with a significance of .05.
The remaining item ratios are then converted to a mean to give a
Content Validity Index (CVI) for that particular tool or assessment
method(57).

Concurrent validity is conferred when a new instrument which is
being validated is compared and statistically correlated with a pre-
existing, previously validated instrument which has been designed
to measure the same construct or concept under study and is
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considered to be the gold standard in measuring that particular
construct(45, 48). An example would be two different
questionnaires that have both been designed to measure quality of
life in patients with vascular disease. Key to concurrent validity is
that the instruments are evaluated together at the same time on
the same population and should give similar scores that correlate to

a significant degree.

Convergent validity may sound very similar to concurrent validity in
the fact that a researcher would expect two similar tools to
converge or correspond. But instead would be measuring similar or
related constructs not the same construct, such as children’s pain
scores after surgery and the need for analgesia post operatively.
The questionnaires or instrument may not have been previously
validated, nor represent the gold standard but should theoretically

give similar scores or correlate well(45, 48).

Discriminant validity is the opposite of convergent validity. Here the
researcher would expect scores from different instruments that
measure opposite but related concepts such as health and well
being and pain scores for joint disease to correlate poorly or
diverge. This would reassure the researcher that the tool under
study has the capacity to discriminate between patients that are
well and those are suffering with pain and disability from joint
disease(48).

Predictive validity is conferred when a new instrument is
administered within a particular cohort, the results of which are
then later compared to a known gold standard test(45) or even the
same instrument(48) . If the scores from the first instrument

correlate highly with the scores from the second test within the
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same cohort, the test or instrument is said to have predictive

validity.

What becomes evident though the literature is that validity is a concept
rather than an absolute measurement. It is conferred by demonstrating a
relationship between the instruments scores and interpretation or
hypothesis of the researcher and not the tool itself(40). There is no single
agreed statistical measurement which, as discussed previously, reflects the
various forms of validity. Papers variously report different statistical
indices, such as correlation coefficients like Spearman’s and Pearson’s r.
Mann-Whitney U and Kruskal- Wallis and ANOVA have also been used to
describe or prove directionality of a hypothesis regarding validity of
assessment tools, particularly in surgical education(51). Validity is often
claimed when these results reach statistical significance rather than an
absolute value, this is particularly so when correlation coefficient as low as
r=.011 which statistically would be interpreted as a poor correlation,
despite a p value of .05, are quoted as demonstrating a particular tool as
valid(58). Cook et al put forward the argument that validity depends on
context and the construct under study and the interpretation of the results
in relationship to the hypothesis put forward and must be proved each
time the tool is used with a different construct(40). Downing goes further
and purports that alone assessments cannot be valid nor invalid and must
be interpreted in conjunction with scientific method, hypothesis and

theory and the consequences to which an assessment may be put(56).
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Figure 1 Schematic diagram illustrating how the differing definitions of validity are related to construct validity

\
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Figure 1 is adapted from DeVon et al “A psychometric toolbox for testing for testing validity and reliability”(48) Construct validity is deemed to be an

overarching concept of which other forms of validity are considered lesser types of validity
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1.2.2 Reliability

Reliability is the property of a tool or assessment to be reproducible under
defined and stable conditions. It is often argued that it is an essential
component to ensuring a particular tool or instrument is valid under the
conditions in which it is going to be used(40, 48). Reliability is very
important in assessments where observers are involved such as clinical
assessments and performance based measures. Here reliability in the form
of inter-rater agreement should be high in order to contribute to the
validity of the instrument(45). This should be contrasted with an
assessment such as MCQ'’s for example where a high degree of content

evidence should be sought.

Performance based measures where raters are used to assess trainees
using assessment tools such as PBA can be assessed using 3 main types of
reliability intra-rater reliability, inter-rater reliability and internal

consistency.

e Intra-rater reliability is defined as how consistently a rater can score
a particular outcome or performance(45). Typically this can be
assessed by the same rater watching a single procedure and scoring
it on two different occasions. If the performance is subject to a
practice effect such as an operation or procedure then the time
span between assessments should be short in order to minimise
improvement in the trainee performance but long enough to
ensure the rater does not reproduce the score from memory. Waltz
et al (cited in DeVon(59)) suggest and appropriate time interval
between testing should be between two weeks to one month.
However if the raters assess the same procedure twice (such as a

single video of a performance of the same procedure by the same
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person) this circumvents a practice effect which may be seen if a
single trainee is performing the same procedure on multiple

occasions and can reduce this as a source of error.

Inter-rater reliability is the defined as the measure of agreement
between two separate raters assessing the same procedure at the
same time using the same instrument. This is important when
using any tool which is designed to assess performance in a
psychomotor skill. Raters can introduce sources of error which
include previous knowledge of the trainee being assessed or
perceived difficulty of the procedure(45). A good assessment tool
should compensate for assessor variance or minimise variance
where possible so that it can be used to consistently assess
performance across a range of trainees performing a range of
procedures. In assessments tools such as PBA there can be many
sources of variance; it requires an operation, which may vary in
difficulty, a trainee whose performance may be inconsistent, due to
being observed and a rater whose perception of the trainee and
procedure may vary. The requirement of the rater to score the
trainee on behaviourally defined items also can produce variance
and rater training with the assessment tool can partially reduce but

not completely remove this as a source of variance and hence error.

Finally internal consistency is another form of reliability that can be
measured and is applicable to assessment tools such as PBA. It is
defined as agreement or correlation within instrument between
items that are theoretically or conceptually related. Frequently this
type of reliability is assessed using Cronbach’s alpha coefficient
especially in regards to assessing the reliability of
questionnaires(48). However correlation co-efficients have also be

described and reported in the literature(58).
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Statistical measurement of reliability is commonly calculated in two ways.
Classical test theory (CTT) as previously discussed is a relatively straight
forward process where raw data is converted to a continuous variable and
comparison is made between scores by different raters to calculate a
Cronbach’s alpha co-efficient(43, 48). This typically gives a value between
0 and 1, where O equates to no concordance and 1 equals perfect
agreement. An alpha co-efficient of 0.7 would indicate that reliability of an
instrument or test equals 70% and 30% of the score can be attributable to

error, however this value cannot tell you what the source of error may lie.

A more powerful reliability test can be performed by using Generalizable
theory (GT)(60). This test requires a sufficiently large data set with multiple
raters and is particularly applicable when raters are required to assess
performance based examinations, such as OSCE’s where there are multiple
stations or multiple items within an assessment instrument. It requires
specialist software and also generates a reliability co-efficient between 0
and 1. However unlike Cronbach alpha it can also highlight the sources of
variance and also describe how many raters or how frequently the
assessment would need to be performed to achieve sufficiently reliable

results.

Both reliability co-efficient suggest values greater than 0.8 are required to
reach acceptable reliability for high stakes examination, values less than

this are considered only suitable for low stakes examination(43, 48).

1.2.3 Responsiveness

The ability of an assessment tool or instrument to measure change over
time is known as responsiveness and this is particularly important when a
tool such as PBA is being used to evaluate a trainee’s progress over
time(46). It is a measure of how sensitive a tool may be in detecting change

over time(45). Fundamental to the concept under study is the implication
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that is has been designed to evaluate performance, which should
theoretically improve over time and with repeated practice. If a tool
cannot demonstrate responsiveness it may indicate that it is insufficiently
sensitive to monitor change or that the construct under study is too
simplistic and trainees are demonstrating a ceiling effect of the construct
within the study(45).

Two types of responsiveness are described in the literature; internal
responsiveness and external responsiveness(46). Internal responsiveness is
the ability of a tool or measure to detect change over a pre specified time
frame. It requires that a measure be evaluated before and after an
intervention within a particular group or study cohort and is relatively easy
to measure. External responsiveness is the ability of a measure or tool/
instrument to change over time in response to an external measure or
standard. This example is more typically found in clinical trials. For example
if patients were given a new medication to treat peripheral vascular
disease and we used an new instrument to evaluate walking distance
before and after the new medication was given we could evaluate that
instrument in comparison to a pre-validated tool that measured health
status, such as the SF36 which measures quality of life. If the changes in
walking distance as evaluated by one particular instrument could show a
relationship to the gold standard measurement, the SF36 in this instance,
then we could say the new tool to measure walking distance is externally

responsive to the agreed measure(46).

Externals responsiveness is useful when surrogate measure or outcomes
are required in clinical trials, where a change in the clinical status of a
patient would be evident in the measure being evaluated and the gold
standard. It is of course dependant on the external measure chosen for
comparison, but does mean that the measure being evaluated can then be

generalised to the wider context rather than in the case of internal
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responsiveness where the results are considered to be cohort specific(45,
46).

Measures of internal responsiveness can be determined by the paired t-
test in normally distributed data set or the equivalent non parametric
counterpart the Wilcoxon Signed Rank Sum Test. These tests evaluate the
differences between the means of the cohort or study group before and

after the intervention(46).

External responsiveness can be measured by relating changes in one
instrument to corresponding changes in another instrument. One of the
easiest ways to measure this is Pearson’s product moment correlation co-
efficient between the measurement under study and the gold standard.
High correlations i.e. values approaching 1 can be thought to indicate that

the new measure is capturing change along with accepted gold standard.

However key to measuring responsiveness is that the instrument is both
valid and reliable as changes in measurement can of course occur without
real change in the process/ performance being measured and so
demonstrating that a tool is sufficiently valid and reliable prior to assessing
responsiveness is an important part of the global assessment of any

instrument(46).

1.3 Assessment methods in surgical technical skills and

simulation

1.3.1 Background

Psychomotor skills assessment of surgical trainees, has, until recent
decades been a poorly examined part of surgical curricula(6). Until the
advent of the New Deal in 1991 and following on from that in the form of
the European Working Time Regulation initially in 2004 (EWTR) (16, 61),
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the main mode of operative performance assessment was examination of
log book numbers which could demonstrate the range and number of
procedures in which a trainee had been exposed to but could not
determine whether that trainee had acquired competence or proficiency in
a procedure(62). Reliance of supervisor reports in each clinical rotation was
used as a surrogate to determine if a trainee was competent to progress.
Such an assessment process lacks validity and reliability and is subject to a
halo effect when evaluating individual trainees(6). Competence was
assumed through long hours spent on the wards and in the operating room
observing and practicing operative skills on live patients with intense and

frequent on calls(3, 63).

Restrictions that now exist on the amount of time spent in the clinical
environment mean that time spent in the operating room is at a premium
and a significant amount of training needs to be delivered though service
as highlighted in the COPMED review(17) and Temple report(16). The net
result of the New Deal and EWTR has meant in many instances a loss of a
defined firm structure that would assume responsibility for a named
trainee and support them in a structured gradual assumption of
responsibility and experience(3). This no longer holds true for many junior
trainees; indeed the recognition of this fact prompted the publication of
the well known paper by Sir Liam Donaldson, Unfinished Business(64). This
document highlighted the required expansion of the work force associated
with working time restriction reforms meant that many trainees were left
without adequate supervision, had poorly defined training structures that
would allow them to progress in their chosen speciality and had increasing

workloads that were driven by the requirements for service provision.

There have been multiple changes and reform to the training grades since
this time that, some would argue, has not resulted in demonstrable

improvements in the quality of training(65). However the introduction of
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defined outcome led curricula which began with structured training
programme such as the Orthopaedic Competence Assessment Project
(OCAP) in orthopaedic surgery, which has now been amalgamated with the
Intercollegiate Surgical Curriculum Project (ISCP) for general and speciality
trainees, now means there is at a nationally agreed system and process to

train and evaluate performance.

A number of external factors have altered how we train the present
generations of surgeons. The lack of access to operative lists due to service
commitments and the requirements of service pressure to complete
operating lists on time(65) have reduced operative exposure for the
individual trainee . Coupled to this, associated advances in medical science
that mean that many disease processes are treated medically rather than
surgically. Increasing numbers of trainees, which are now required to
ensure rotas are EWTR are compliant, mean there are fewer operating lists
available for each trainee to attend, eroding the acquisition of surgical
skills. These changes have introduced the ethos of making every training
opportunity count and of finding new ways to train the next generation of
surgical trainees such as simulation and deliberate practice outside the

clinical environment (16, 20).

Assessment of any form is a labour intensive process, especially in
evaluation of surgical performance, where assessors need appropriate
insight in to what constitutes an empirically and technically correct
performance(63, 66), unlike for example a written examination which can
be delivered en masse to many trainees all at once. A number of
assessment methods are in clinical practice at present. Some of these
methods have little value outside of the research environment or
simulation suite and their use is solely restricted to evaluating performance
in a rater free manner. They are designed to provide assessment and

feedback on performance without the presence of a trainer and include
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processes such as simulated metrics and computed analysed efficiency of
motion(67). Others require the presence of an assessor, preferably with
suitable experience in the procedure being assessed and generally consist
of checklists and rating scales of varying length and structure(68). A
systematic review from 2011 identified 106 unique articles which
evaluated multiple assessment tools which required the presence of a
human assessor and found 29 studies which used global assessment tools,
30 used procedure specific or operations specific tools and 47 studies that
included a combination of global and task specific or operation specific
methods(69). Given the wide scope and heterogeneity of the assessment
tools and studies only those that have historical context or are common

use are described in more detail in the following subsections.

1.3.2 Rater free assessment methods

Typically assessment methods that do not require a human assessor are
achieved through computer generated data, which can compare or
measure performance in relationship to a pre-programmed ideal standard.
Simulator metrics refers to a digital read out of performance as defined by
pre-programmed software contained within high fidelity simulators. The
more advanced simulators can produce structured training programmes
and monitor progress which can be read immediately or downloaded for
future reference. Simulators of this kind include laparoscopic, endoscopic,
and endovascular high fidelity simulators such as the ANGIOMentor. A
typical read out from an endovascular simulator is illustrated in figure 2 (p
38). They often include time for completion of procedure, type or number
of errors and in the case of endovascular simulators such as the
ANGIOMentor give the amount of contrast use or fluoroscopy use. They
may also give feedback on the quality of the final product such as
percentage of lesion covered or residual stenosis in the case of angioplasty

and stenting procedures. Laparoscopic virtual reality trainers include such
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devices as The Minimally Invasive Surgical Trainer Virtual Reality (MIST
VR)(6). This is a computer generated 3 dimension environment, which
trainees interact with a simulated procedure using real laparoscopic
instruments which have motion sensors at the tip. Data is then gathered by
a computer and a score is generated that monitors performance. In
isolation this may not be useful for the trainee without specific feedback
on performance errors but a number of studies(70) (71)have show this to
be a valid tool which produces reliable and reproducible data. While such
assessment methods may be an attractive option for assessing trainees
there are limitations to simulator metrics use. The benefits of such
simulator metrics or efficiency of motion scores is that they can be
standardised and reproduced but are more suited to experimental studies
or simulators where the environment and procedure being studied is
strictly controlled as opposed to the operating theatre where the same
operation will vary from patient to patient. Additionally simulators may
over estimate or pick up clinically irrelevant errors and it is difficult for an
inexperienced operator to understand which are the errors that are
important and those that can be safely ignored. For this reason trainees
still need a level of experienced supervision to provide guidance and

clinically relevant feedback(39).
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Figure 2 Readout from the ANGIOMentor endovascular simulator for superficial femoral artery angioplasty

ANGIO Mentor’

Performance Sheet - Instructor Instructor

Module: SFA Intervention Case: 1
Date:5/M7/2012 1:54:37 PM

Total procedure time

Procedure Log

Total amount of contrast injected (ml.)

Total flueroscopy time
Total amount of time that patient was exposed to flucroscopy.

HNumber of TSA sequences recorded

Interventional procedure(s)
The number of interventional procedures (Predilation/Stenting/Postdilation) that were
performed during the case.

Number of guide wires used
Total number of guide wires that were introduced into the patient's body during the
procedure.

Number of Dix catheters used
Total number of diagnostic catheters that were infroduced into the patient's body
during the procedure

Residual stenosis (%)
The percentage of stenosis that remained at the end of the case.

Residual transstenctic pressure gradient (mmHg)
The difference between the blood prezsure measured on both sides of the stenosis,
at the end of the case.

Time to obtain Dx aortogram
Time elapsed between the beginnning of the procedure to the time the diagnostic
image of the aortic bifurcation has been acquired.

Time to position guiding cathaeter or sheath ready for intervention
Time elapsed between the beginnning of the procedure 1o the time the first balloon of
stent is introduced.

The duration of ime the predilation balloon was cpened
The inflation time of the predilation balloon within a lesion.

Correct predilation balloon diameter

Yes = when the diameter of the balloon is at least 1mm smaller than the nafive vessel
diameter. Applies when the choice of the balloon diameter is intended to enable stent
passage through the lesion.

Corract PTA balloon diameter

Yes = when the diameter of the balloon is equal to the native vessel diameter (it may
be up to 0.5mm smaller or larger). Applies when the choice of the balloon diameter is
intended to resolve the stenosis.

Percentage of lesion length covered by the predilation balloon(s)

Cumulative coverage percentage of predilation balloon(s) inflated within a lesion. The
refermred lesion length is the lesion’s section which its proximal and distal diameters
are the average between the most stenotic part of the lesion and the native vessel
diameters.

Difference between predialation balloon length and lesion length (mm)

The difference between the length of the predilation balloon and the length of the
lesion in which it was inflated. The refemred lesion length is the lesion's section which
its proximal and distal diameters are the average between the most stenotic part of
the lesion and the native vessel diameters.

Difference between predilation balloon diameter and vessel diameter at lesion site (mm) -1.01

The difference between the diameter of the predilation balloon and the average native
vessel diameter. The refemred lesion diameter is the average between the proximal
and distal native vessel diameters

Advancing guide or sheath without a leading wire (mm of travel)
Total distance in millimeters of advancing guide{s) or sheath(s) without a leading wire.

Patient i d hem gularities during the procedure (YES or NO)
Patients experience symptoms when their heart rate or systolic blood pressure fall
below threshold values.

Lowest sustained HR during procedure {beats/min}
Lowest recorded HR during procedure that was sustained for more than 60 seconds

Patient HR at end of case (beats/min)

Highest sustained BP during procedure (mmHg)
Highest recorded systolic BP during procedure that was sustained for more than 60
seconds.




A number of additional rater free assessment methods are described in the
literature(5, 6, 67). Efficiency of motion analysis developed in the Imperial
research labs in London has been designed to help facilitate research into
laparoscopic, open and in some instance live operation skills
assessment(72-74). The unit is bespoke and consists of motion tracking
transmitters which a subject may wear on the back of their 2" metatarsal,
often secured with a surgical glove to prevent slippage. The camera’s
within the unit can then monitor the transmitters and calculate x, y and z
co-ordinates which is accurate to within 1mm and calculate the number of
hand movements to give a surgical efficiency score for each procedure
being monitored. Like simulator metrics such assessment methods cannot
distinguish between what may be relevant or non relevant errors. Often
such assessments are combined with a final product analysis which still

requires the presence of a rater.

Datta et al were able to validate this dexterity analysis tool in bench tasks
performing bowel anastomosis and vein patch repair of an artery and
predictably experienced surgeons outperformed junior trainees(72)
however like the MIST-VR assessment technique speed and dexterity are
not necessarily measures of technically correct performance. Other studies
exist which confirm validity for time and number of movements with senior
operators outperforming junior trainees(68). But it has only been used
once in operating rooms where the assessment method was found to have
concurrent validity(r= <0.63) in correlation with the assessment tool
known as the Objective Assessment of Technical Skills (OSATS) and only

moderate inter-test reliability (r =0.63)(75).

The Advanced Dundee Endoscopic Psychomotor Trainer (ADEPT) is an
infrared system that utilises infrared sensors attached to the surgeon’s
hands and using surrounding infrared cameras the position of the trainee

or surgeons hands can then be extrapolated to monitor movement. Like
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the previously mentioned systems it is a form of motion analysis but it is
limited by signal disturbance from line of vision in the sensors or signal
overlap if sensors are placed on both hands. It has not been well validated

and there are few studies documenting its use(6).

There are a number of other motion tracking systems which include the
ProMIS™ | HUESAD and TrENDO. The majority of these studies are limited
to validation of the device itself using time as the discriminator and there is
little validity data on their usefulness in assessing or discriminating
between trainees(68). All these rater free assessment methods are

summarised in table 1 (page 41).
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Table 1 Summary of the main assessment devices which provide rater free feedback

during assessment of surgical psychomotor skill

Assessment

Device

Minimally invasive
surgical trainer-
Virtual Reality (MIST-
VR)(25, 27, 28)

Assessment Method

Total 3 dimensional
immersion simulation using a
laparoscopic simulator with
motion sensors at the tip to

monitor performance.

Evidence for Validity and

Reliability

Shown to be valid and reproducible.

Efficiency of Motion
(Imperial Research
labs) (ICSAD)(72, 74)

Motion tracking sensor on the
back of each 2" metatarsal to
calculate x,y,z coordinates to
track hand movements to
calculate a surgical efficiency

score

Demonstrated to be valid for time
and number of movements between
junior and senior operators.
Moderate inter-test reliability in the

operating room.

The advanced Dundee
Endoscopic
Psychomotor Trainer
(ADEPT)(76-78)

Utilises and infra-red system
of cameras and sensors to

monitor movement.

Not well validated only 2 studies
confirming its use, which
discriminate between master

surgeons and junior trainees

ProMIS(TM)(79)

Hybrid, virtual reality
laparoscopic trainer (Not

mechanism for assessment)

Demonstrated to be partially valid,
and have good inter-rater reliability

for a mixture of tasks

Hiroshima University
surgical assessment
device (HUESAD)(80-
83)

Electromagnetic motion
tracking device, using
laparoscopic instruments and

calculated path length.

Shown to be construct valid between

novice and experts

Tracking Endoscopy
(TrEndo)(84, 85)

Utilise the fulcrum of the
laparoscopic instrument to
track motion, limited to

minimally invasive surgery

Demonstrated construct validity
between the expert and novices for

square Knot tying




1.3.3 Assessment Methods Requiring a Rater

Assessment methods that require a rater or assessor are more commonly
used in clinical and day to day practice. A number of different assessment
tools have been described that have been designed to be used to assess
surgical performance. The majority are experimental tools but a small
number are in regular clinical use, including the assessment method known
as PBA, which is the focus of this over arching study. The studies are
summarised in table 2 (p43) and discussed in further depth in the following
subsections, where they are further divided into assessment methods with
historic context, experimental tools and finally those assessment methods

that are in routine clinical practice.
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Assessment Method

Kopta’s Observation guide (Historical)(5)

Table 2 summary of surgical psychomotor assessments which require human rater input

Skills and Mechanism of Assessment

80 criterion based on explicit behaviours marked on a likert scale of 1 to 3

Validation and Reliability

Not validated or assessed for reliability

Global Operative Assessment of Laparoscopic
skill (GOALS) (86-88)(Experimental use only)

Very similar to the OSATS tool with a 10 item checklist and global skills applicable to laparoscopic surgery,
such as depth perception and bimanual dexterity

Found to be valid but reliability not assessed. Used to
demonstrate progression in the “Fundimentals of
laparoscopic surgery” and skills transfer

Observational Clinical Human Reliability
Assessment (OCHRA) (Experimental use
only)(89)

An iterative assessment method developed using video analysis of Laparoscopic cholecystectomy to
identify common clinical errors

No validity or reliability analysis performed.

Imperial College Evaluation of Procedural
Technical Skills (ICEPS) (Experimental use
only)(90-92)

Developed specifically for simulated sapheno-femoral junction ligation, for seven skill domains, marked
on a Likert scale of 1-5

High reliability, but validity limited to junior surgeons in
simulated and live procedures.

Direct Observation of Procedural Skills (DOPS)
(93-95) (Used in clinical practice)

Short checklist of explicit behaviours, marked as satisfactory or development required. Followed by a
global summary score anchored by explicit descriptors

Not well validated or found to be reliable.

Objective Structured Assessments of Technical
Skills (OSATS) (68)(Used in clinical Practice)

Two part assessment, checklist of key skills to the index procedure assessed and global rating scale for
key operative skills marked on a Likert Scale from 1-5

Multiple studies assessing construct validity in simulation,
bench top procedure and live theatre based assessments

Procedure Based Assessment (PBA) (58, 96,
97)(Used in clinical practice)

Two part assessment method, extensive checklist covering, consent, pre-operative planning, intra-
operative steps, access and closure, and post procedure management, marked either as satisfactory/ or
development required. With a simple five part global summary score anchored by explicit descriptors.

43

Minimal studies assessing validity and reliability in
simulation. One large prospective study in the workplace
assessing validity and reliability in live operative
performance.




Kopta’'s Observation Guide

One of the earliest forms of psychomotor skills assessment is described by
Kopta in 1971(67). He observed 40 years ago that surgical technical skills
were poorly evaluated in any kind a systematic manner. He published a
paper describing a guide which was divided into 5 domains looking at team
working, cognition, checklists of procedural skill, outcome and an
evaluation of any critical incident through the procedure. In all, 80 criteria
were defined with each being marked on a Likert scale of 1-3 by a rater.

There is no record of whether this guide was validated further(5).

Experimental surgical assessments tools

In addition to Kopta’s Observation guide above there are a number of
other assessments tools that have been published in the literature on
surgical assessment. The first of these GOALS or Global operative
assessment of Laparoscopic skill was designed by Vassiliou et in 2005(86)
which described a tool not too dissimilar to the OSATS which was used to
assess performance during laparoscopic cholecystectomy and laparoscopic
appendicetomy in 21 trainees in a paper published in 2007 by Gumbs et
al(87). Like the OSATS it has a global rating scale from 1-5 in the domains of
tissue handling, depth perception, bimanual dexterity, efficiency,
autonomy and level of difficulty and a 10 item checklist. They were able to
demonstrate construct validity for surgical performance for the entire

procedure but did not evaluate reliability.

Tang and colleague developed a method of clinical error assessment based
on video analysis of 60 surgical trainees performing laparoscopic
cholecystectomy called Observational Clinical Human Reliability
Assessment (OCHRA)(89). Using these video’s they were able to identify
technical common errors and then introduce corrective training if required.
The limitations of such an assessment method include its retrospective

nature and labour intensive analysis. There is a lack of data on validity and
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reliability but such a mechanism of assessment is very useful for formative
feedback to the trainee and can help design curriculum for specific training

programmes.

The Imperial College Evaluation of Procedural Technical Skills (ICEPS) is a
procedure specific assessment scale which has been described for use in
simulated saphenofemoral junction ligation(90, 92). It is designed along the
same lines as the OSATS with each domain being rated on a Likert scale of
1-5, but contains 7 domains that are specific to the procedure being
assessed. It is not well described in the literature despite it possessing high
reliability (Cronbachs alpha 0.96). However in a single study using video
blinding methods of 50 surgeons comparing ICEPS with the OSATS tool it
was not demonstrated to be construct valid, except between SHO’s and
junior registrars. The alternate subgroups within this study, which included
senior registrars, new consultants and senior consultants, demonstrated no
significant differences in scores although there was a gradual trend for
increasing score with seniority(90). This result however may be skewed
once again by the ceiling effect. Saphenofemoral junction ligation is a
relatively simple procedure and expecting significant differences between
senior registrars and consultant may well be ambitious. However a further
study which utilised the ICEPS tool in assessment of skills transfer between
a simulated saphenofemoral junction ligation in SHO’s to live performance
it was demonstrated clear and significant differences for all seven domains,
suggesting certainly at a junior level of training this could be a useful and

reliable instrument(92). (Appendix 1)

Directly observation of procedural skill (DOPS)
The original DOPS assessment method preceded the introduction of the

ISCP website in 2007. Initially paper forms which were completed by
educational supervisors on minor procedures such as arterial punctures,
cannulation and urinary catheterisation skills performed by trainees, they

started to become routine after the introduction of foundation training.
45



Within the ISCP web environment they have now been modified and do
not look dissimilar to short procedure based assessment forms and are
designed to reflect assessment or part of a complex procedure such as a
carotid endarterectomy or less complex procedures such as central venous

cannulation. (Appendix 2)

The evidence for validity and reliability of DOPS is scanty. Wilkinson in
2008(94) concluded that there was no validated procedural performance
assessment in the literature and subsequent reviews in simulated
procedures in medical students suggest reliability was low and they only
possessed face and content validity(95) and no evidence to suggest that
they improve performance(15). Naeem in 2013(93) concluded through
narrative review that there was no evidence that it was a useful workplace

based assessment.(98)

Objective Assessment of Technical Skills (OSATS)
First designed in Canada, the Objective Structured Assessment of Technical

Skills (OSATS) is now well established as a gold standard method of
assessment surgical skills. The first paper describing its use was published
in 1996 and outlined the original form which consisted of a procedure
specific checklist and global rating scale with 7 domains of surgical skill;
such as flow of the operation, efficiency of motion, tissue handling skills
and knowledge of the operations (appendix 3 )(5, 99, 100). Each domain is
marked on a Likert Scale of 1-5 anchored by explicit descriptors. This initial
study described a simple correlation study between OSATS scores and
faculty rankings for 6 junior and 6 senior surgical residents and found high
correlation between OSATS scores and senior resident rankings, but not for
junior residents(99). The same group then designed a study to assess
surgical interns performing a variety of surgical procedures on bench
models which included synthetic and live porcine tissue. Twenty residents
performed across a 6 stations including excision of skin lesion, hand sewn

bowel anastomosis, inferior vena cava haemorrhage, abdominal wall
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closure and insertion of a T-tube. This study assessed the construct validity
using year of training as the variable and inter rater reliability and inter
station reliability. Construct validity was found for both the live and bench
formats with respect to year of training using the global rating scale, but
only a marginal effect on checklist rating scores in live models and a non
significant effect with checklists in the bench format. Inter rater reliability
across six stations as measured by Cronbach’s alpha was 0.74 for the bench
model and 0.66 for the live format using global rating scales. For across the
same six stations the checklist element reliability was estimated at 0.33 in
the bench models and 0.61 in the live format. Inter rater reliability
between assessors for the global and checklist ratings was medium to high
and ranged from 0.64 to 0.72 across both the bench and live model
formats. The main finding from this study was that bench models gave very
similar results to the live format and could be used to evaluate residents
using this cheaper and reproducible option and that this assessment
method was valid and reliable, certainly in the global rating section, in
evaluating simulated psychomotor performance(101). Reznick et al went
on to assess a larger cohort of trainees on the same bench models and
found that the tool was construct valid for training level and had a inter-
station reliability of 0.78 for checklists and 0.85 for the global rating scale
providing evidence that it could be a valid a valid and reliable assessment

for simulated bench models(102).

The OSATS assessment has been used in multiple studies of surgical skill
and simulation validation procedures since it was first described and
published(68). Those studies of historical context and relevance to vascular
surgery are summarised in table 3 (page 50-51). The original format and
modified versions have been used to assess performance in open(58, 102-
107), laparoscopic(103, 108, 109) and endovascular simulations
studies(110-112). Van Hove in 2010 published a systematic review of
assessment methodologies covering surgery and gynaecology skills
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assessment and found 26 studies using OSATS as the assessment method.
Nineteen studies were based in a skills laboratory setting. The remainder
were in an operating theatre environment. In those studies where inter-
rater reliability was established both in the lab and theatre setting it is over
0.80 in 10 of the studies included in the review where the majority were
used to assess performance in gynaecology bench tasks and operations.
However of these studies there were only three that focused on vascular
skills; 2 which focused on video assessment of a skills lab based assessment
of a vascular anastomosis and patch(107, 113) and the remaining study
was performed in the operating room during live carotid endarterectomy
procedures(106). Only one of these studies provided inter-rater reliability
data which was over 0.8 (Cronbachs’ alpha) for the checklist and global
rating scale element for each form(107). Since the publication of this
review two further studies have been published which utilise simulated
vascular procedures. In 2011 Price et al described a study where 39
trainees were randomised to either expert tutorial versus expert tutorial
and self directed practice on a micro vascular anastomosis, with evaluation
at baseline and after the intervention. The OSATS tool proved to have an
intra-rater reliability of 0.8 with blinded assessors and was demonstrated
to be internally responsive. In a un —blinded study Duran et al in 2013
went on to assess 92 trainees, representing one of the largest studies to
date with the OSATS tool, performing an end-to side vascular anastomosis.
They found it had a high intra-rater reliability of the global element and
high internal validity between the global and checklist elements of the tool.
They did not assess the reliability of the checklist as they found it difficult
and cumbersome to use and it had high internal validity with the global
element of the checklist. The global element was also construct valid
between novice, intermediate and experienced trainees. Few of these
studies are considered to be high level evidence with minimal evidence of

blinding or randomisation but where the evidence is described it suggests
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that the OSATS tool can be a reliable and valid measure of performance in
vascular procedures, certainly with respect to training year and potentially
prior experience as well. It also suggests that the global rating scale of the
OSATS tool is potentially the most reliable, valid element and acceptable

part of the assessment.

The global element of the OSATS tool has also been studied alongside the
PBA tool in the live theatre environment, across a range of procedures, in a
large prospective study. This study also demonstrated that the global
element of this tool was potentially more reliable (reliability co-efficient
0.83 vs 0.81) than the checklist element of the tool, when used analysing
single index procedures(58), but reliability dropped significantly when it

was used across a range of procedures.

While the evidence base in open vascular simulation is small a considerable
number of studies exist, especially in live and simulated gynaecology
procedures, and so it has been adopted as the obstetrics and gynaecology
work place based assessment method of choice for operative performance
in the live theatre environment in the United Kingdom. Examples of such
forms can be found on the Royal College of Gynaecology and Obstetrics
website(114).

Unlike such assessment methods as computer generated metrics and
efficiency of motion analysis the presence of a live rater is essential to its
use and each and every evaluation. So while it may be labour intensive it
does provide the trainee with immediate and hopefully relevant feedback
which is readily understandable and provides specific area’s for

improvement(63).
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Table 3 Summary of the main historical studies and relevant vascular surgical studies utilising Objective Structured Assessment of Technical Skills

Outcomes

Evidence for Validity and Reliability

Study Setting
Faulkner 12 (6senior and 6 junior) residents
1996(99) performing 6 simulated bench and live

general surgical tasks

To assess concurrent validity between faculty rankings and OSATS scores.

High correlations found for global score in senior resident (0.66-0.71) , but
not for junior residents (-0.2)

Checklist elements demonstrated t not to be valid
in junior residents in live and bench formats. Only
the global element was valid in senior residents.
Some raters declining to rank junior residents, who
had minimal experience at these skills.

Martin 1997(101) | 22 general surgical residents assessed
in a bench format or live format of
general surgical skill

Demonstrated equivalence between bench and live scores. Intra-rater
reliability for OSATS for checklist and global scores was moderate to high
(0.61- 0.74) except the checklist for the bench format.

Validity only proved for global rating scores in
bench and live formats. The checklist element was
only significant between years 1 and 5 for the live
format and marginal for the bench models.

Reznick 48 residents assessed using checklist
1997(102) element and global rating scores of the
OSATS performing bench model
simulation of general surgical tasks

Inter station reliability and large scale construct validity of bench station
examination.

Inter-station reliability for checklists 0.78 and
global rating 0.85. demonstrated to be construct
valid for training level by ANOVA for global and
checklist scores

Datta 2002(107) | Vein patch anastomosis in 50 subjects
from basic surgical trainees to
consultants

To assess concurrent validity with motion tracking and the OSATS tool and
construct validity of the OSATS tool

Concurrent validity (spearman r= 0.53 p<0.01)
between OSATS global rating and motion
analysis.Construct valid for each experience group
for global ratings only (Kruskal-Wallis P=<0.001)
not for checklists.

Brydges 2007 18 junior and 9 senior residents

(113) performed a live porcine model end to
side vascular anastomosis, before and
after study assessed using the ISCAD
and OSATS then assessed on the final

To demonstrate convergent validity with ISCAD and OSATS between junior
and senior residents, and construct validity. Blinded assessment using
video

Construct validity for the OSATS was demonstrated
for senior and junior trainees (p=0.49 for global
rating and 0.07 for checklists) (Mann-Whitney U).

Also convergent validity with ISCAD
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Table 3 Continued

performance

Beard 2007(106) | 17 trainees and 11 consultants Assessed construct validity between trainees and consultants and for Single observer
performed carotid endarterectomy in previous experience for the checklist element and global rating scales.
live theatre setting over 2 years Demonstrated construct validity between trainees

P=values were significant for task specific p=0.031 and global rating and consultants for training level for global and
p=0.001 between trainees and consultants. checklist scores.

Validity for previous experience in trainees was significant for task specific | Only construct valid for prior operative experience
(r=0.83) and global scores (r=0.69). but only global scores were significant | in trainees.

(“p” value <0.05) for consultants (r=0.82)

Duran 2014(115) | Ninety two trainees assessed Internal validity between checklist and GRS was 0.71. Between items in Assessors found the checklist cumbersome and
performing an end to side anastomosis | the GRS was 0.92. Reliability between raters was 0.64-0.77 for each item difficult to use, therefore did not assess reliability
using a modified OSATS tool with within the GRS. of the checklist.
checklist and global rating scale(GRS)

Construct validity using one way analysis of variance between novice, Un-blinded

intermediate and experienced trainees as determined by training level

p=0.001 Experience in the procedure inferred by training
level.

Price 2011(116) Microvascular anastomosis on a Assessed using a traditional OSATS tool. Randomised and blinded assessors
procedural trainer. Randomized to
expert tutorial and additional self Only reliability assessed between assessors, intra-rater reliability 0.8
directed practice in 39, first and (intra-class correlation co-efficient)
second year surgical trainees, assessed
again on live porcine model
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Procedure Based Assessment (PBA)

PBA became the official method of comprehensive skills assessment for the
surgical trainee in the United Kingdom in 2007. This is when the use of the
ISCP became compulsory for all surgical trainees in a recognised surgical
training post(117). The new curricula at this time needed relevant
assessment elements to ensure the curriculum outcomes were being met
and PBA was designed to map to the curriculum objectives and to assess
the psychomotor skill elements required. (Appendix 4) It is a form of
varying length depending on the complexity of the procedure which
consists of 2 elements. The first part is a checklist of competencies that are
marked as “not seen” (N), “development required” (D) and “satisfactory for
completion of CCT” (S). The checklists of competencies are divided into a
number of domains: pre-operative planning, consent, pre-operative
preparation, exposure and closure, intra-operative technique (generic and
procedure specific) and post operative management. The second part of
the form includes a global summary or level score which allocates the
trainee an overall mark from O (insufficient evidence to perform the
procedure) to level 4 (able to complete the procedure unsupervised and
could deal with any complication that arose). Unlike the OSATS before it
there is minimal information in the public domain regarding its
development and psychometric properties. Assessment of face and
content validity had been derived by an iterative process between the
royal colleges(4) but there were initially no validity and reliability studies
performed on PBA as it is now or as it was then in 2007. Contemporary

studies on PBA are summarised in table 4 (pp 58-61).

The PBA form and indeed many of the work placed based assessment had a
less than encouraging beginning with many trainees dissatisfied by this
form of assessment. There were technical issues of the internet based

form, lack of supervisor training and general difficulties in getting the forms
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complete in a timely manner(118, 119). Designed as an assessment for and
of learning this was infrequently the case and many trainers and trainees
saw such forms as a tick box exercise. Getting assessments performed still
remains problematic from time to time, but the ethos towards such forms

is changing as more trainees and trainers become familiar with the process.

The earliest iteration of PBA is perhaps described in the study based in the
Trent deanery in 2003 whereby a similar form, not too dissimilar to the
present Direct Observation of Procedural Skills (DOPS) form, was first

described and evaluated(120).

This study essentially described a form with 19 core skills as a checklist for
each index procedure outlined in an operative competence form. The 19
core skills are outlined as generic rather than procedure specific as can be
seen with the modern PBA form. However in addition to the core skills
checklist a overall rating was awarded not dissimilar to the global rating
seen on the PBA but instead of trainees being rated from 0-4 they were
rated from A to D (A-able to teach the procedure, B- able to perform the
procedure unsupervised, C- able to perform the procedure with
supervision to D — unable to perform the entire procedure). For the
purposes of analysis this was converted to a numerical value. Twenty three
higher surgical trainees were prospectively assessed in this way performing
key index procedures. Scores were correlated and analysed using
spearman’s correlation coefficient but unfortunately mean rather than
median scores were quoted. However what the authors did show was that
mean operative competence scores correlated with duration of surgical
training (r=0.69 p=0.01) Similar results were shown for total number of
procedures performed and mean competence scores. Of the index
procedures described there were only 6 procedures that the trainees had
performed in sufficient numbers to analyse independently and of these,

appendicetomy, inguinal hernia repair and varicose veins showed no
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correlation between numbers of procedures and mean competence scores
due to a ceiling effect; the trainees had all achieved the maximum score
possible for these procedures. Only the more complex procedures such as
left colectomy were able to demonstrate a correlation between mean
competence score and operative numbers r=0.73 p=0.01. Trainer bias and
a potential halo effect were potential confounding factors in this study as
the assessors were the trainees’ nominated educational supervisors and
also admitted to assessing the trainee without actually having seen them

perform some of the procedures.

As PBA Dbecome further incorporated into training programmes,
researchers began to use the PBA tool in educational studies. The first of
these studies described in the literature, both incorporate an element of
simulation. In 2007 Sarker et al published the results of a moderate sized
validation study using 28 trainees performing 84 live (supervised) and 112
simulated (unsupervised) laparoscopic cholecystectomies using PBA as the
assessment tool to evaluate outcome measures in a blinded manner using
video assessment(96). Only the itemised checklist part of the PBA tool was
used and was divided into the generic competencies and procedure
specific competencies (similar to those in appendix 4) .The PBA specific tool
for laparoscopic cholecystectomy was determined to have a mean inter-
rater reliability of Kappa =0.86 for live and 0.84 for unsupervised
operations. Mann-Whitney U analysis in determining differences between
junior and senior higher surgical trainees (HST1-4 & 5-8) was significant for
generic competency items for live and unsupervised operations. However
construct validity for the specific competency items was only significant for
the unsupervised simulated procedures and not for the live supervised
operations. The authors speculated that this abnormality was due to
correction of junior trainees techniques during the live operations by

supervisors and because of the nature of the blinding technique (video
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analysis) it was not possible to determine how much input the supervisor

had in the live operations.

The second study described in the literature is a skills transfer study
utilising the PBA tool from the OCAP website for knee arthroscopic(97).
Here 20 junior trainees who were procedure naive to arthroscopy were
randomised using sealed envelopes to training on a bench top arthroscopic
simulator (three sessions of six simulated arthroscopies) or no training.
Each trainee was then asked to perform an arthroscopy for the first time in
theatre after traditional instruction and demonstration of the procedure.
They were then assessed by a supervisor who was blinded to their training
status. Both the procedure specific intra-operative elements from the
relevant PBA tool and modified OSATS global rating scale were used to
assess trainee performance. The PBA tool was able to distinguish between
those that had received simulator training and those that had not. Levels
of significance for the procedure specific element were p= 0.0007 and for
the global rating scale p= 0.0011 demonstrating that the simulator could

provide a significant learning benefit for junior trainees.

In 2010 Beard et al published the result of a two year study on the validity
and reliability of PBA in the work place(58). An observational study across 3
teaching hospitals in Sheffield, it has been one of the few multicentre trials
of such an assessment method. Prospectively designed, it was able to
gather data from 749 PBA assessments across a range of specialities
including, general, orthopaedics, gynaecology and cardiothoracic surgery
by multiple experienced, trained raters. From this study the authors were
able to extract data to confirm that PBA was a valid and reliable
assessment method for psychomotor skills assessment in surgical trainees
in the live theatre environment. Unlike many smaller studies on reliability
which utilised classical test theory, which is limited by the data set in which

it is gathered, they were able to construct a d-study and derived reliability
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coefficients using generalizable theory which allowed them to model
reliability based on the number of procedures observed or number of
ratings performed. A example of this is illustrated in Table 5 (p59) This
allows the data from this study to be extrapolated beyond the data set of
study to a population as a whole. Despite this there are limitations to this

study.

The study was conducted in a teaching hospital where the study population
tended to be either very junior or senior trainees, there were few
intermediate level trainees in the data set gathered. The study also used
data from gynaecology trainees of which on retrospective analysis 42% had
training concerns, which may result in under estimation of some for the

validity and reliability data.

The number of individual trainees per speciality was small. In total there
were 85 trainees with only 11 in vascular training posts and the majority
from obstetrics and gynaecology, 33, which given the noted training
concerns may have affected the data and underestimated the reliability.
Post hoc analysis of comparison of PBA performed within the O&G
speciality verses non O&G showed reliability to be even higher when those
cases performed by obstetrics and gynaecology trainees were selected out.
The PBA form achieved acceptable reliability >0.8 using only 2 assessments

of per index procedure. (Table 5 p 62)

Construct validity in this study was examined by correlation of PBA scores
with number of years in UK training, number of procedures previously
performed and age. Significant correlations were found between the
checklist elements and level scores of the PBA form and ST level, age, and
number of years in training. Most significantly the study group was able to
demonstrate a significant correlation with number total number of index
procedures previously performed and recent number of procedures

performed with co-efficients approaching r= 0.5 p<0.001 for the global
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level score demonstrating the hypothesis that PBA shows construct validity
for previous operative experience; that the PBA is measuring competence

achieved rather than just reflecting time in training.
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Table 4 Summary of the relevant studies historic studies utilising Procedure Based Assessment

Setting

Outcomes

Evidence for Validity and

Reliability

Study Comments

Thornton et
al (120)

Trent deanery higher surgical
trainees assessed by their
educational supervisors using
a pilot form very similar to the
modern day PBA on a range of
general surgical procedures

To assess the validity of the form to
training year for each of the general
surgical procedures included.

Found to be valid for trainee
year and total number of
procedures previously
performed, but not for index
specific procedures, such as
appendicetomy, inguinal hernia
repair and varicose veins

Less complicated
procedures found to have a
ceiling effect. Un blinded
assessors with no direct
evidence that the assessors
had seen the trainees
actually perform the
procedures outlined in the
study.

Sarker et
al(96)

Laparoscopic
Cholecystectomy, 84 live and
112 simulated procedures
assessed by 28 trainees
assessed using competency
checklist only- separated into
generic and specific technical
skills

Inter-rater reliability assessed using
Kappa for each of the competencies
and construct validity between
junior and senior residents..

Construct validity between
novice and experienced
operators was demonstrated for
live and simulated operations
for generic skill utilising Mann
Whitney U, But only construct
valid for specific technical skills
(not generic) for simulated
operations. Inter-rater reliability
was 0.86 for live operations, and
0.84 for simulated.

Only the checklist part of
the PBA tool was used. The
Global summary score was
not used.Only a single
procedure assessed:
laparoscopic
cholecystectomy

Blinded assessment of the
cases using retrospective
review of video footage.
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Table 4 Continued

Howells et 20 procedure naive trainees Designed to demonstrate transfer Indirect construct validity One of the few studies
al(97) randomised to receive of skills from the arthroscopic proved as prior experience which demonstrate
training on an arthroscopic training model to live patients demonstrates superior transferability of simulator
simulator (18 simulated knee performance. skills to the theatre
arthroscopies) vs no training, o _ environment.
prior to assessment during a Significant improvement
live arthroscopic procedure by demonstrated using the Blinded assessment and
a rater blinded to training procedure specific (p< 0.001) Limited to a single
method and global summary score (p = procedure, with only 10
0.001) between the two groups. | trainees in each arm.
Beard et Based in 3 south Yorkshire To assess validity and reliability of Compared performance with Prospective, well funded
al(58) training hospitals. 749 PBA PBA in the theatre in environment OSATS, but did not assess large study with robust
assessments were performed | across a range of specialities and concurrent validity methodology
to evaluate trainees acrossa | training grades.
range of specialities, general Found to be valid for age, Generated a data set which
surgery, orthopaedics, Utilising to main surgical training year, previous operative | could be used to shape
vascular and obstetrics and psychometric assessment tools the | exposure for both the checklist | assessment protocol in a
gynaecology and PBA and OSATS tools. and global summary elements wider context. But again
cardiothoracic. Live across a range of specialties, as | the PBA level or global
operations were assessed by demonstrated by Pearson summary score was found
independent trained correlation co-efficients to be the most reliable.
assessors and the trainee Found to be highly reliable for
SUpervisor inter- rater reliability utilising a
d-study
Osborne et | 25 traineesin the first 4 years | Main aims were to assess construct | Construct validity for year of Single centre, small study,
al (121) of speciality training, used validity and to compare self and training for self assessment was | which successfully
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Table 4 Continued

PBA to perform self
assessment for
appendicetomy, which was
then compared to an external
assessment. Quantitative and
Quialitative analysis of self
assessment and external
consultant assessment

external rating of PBA.

Also qualitative analysis of
performance comparing trainee

comments with assessor comments

demonstrated.

No significant differences

between self and external global

summary scores, although a
small proportion of trainees

over rated themselves on the six

checklist sections, there were
no under-ratings.

No significant difference
between learning needs
identified between self and
external assessment. Self
assessment was more likely to
identify non-technical skills,
situation awareness, decision
making and leadership. Vs
communication skills from

external assessors and technical

skills

identified that trainees
have insight in to their
technical skills which
closely matches that of the
external consultant
assessment.

Trainees also easily identify
technical training needs
that correlate well with
external assessors.

Duschek et
al(122)

3 day intensive training
course, which assessed 10
trainees before and after

simulated practice at carotid
patch plasty. PBA and
technical quality were used as

A before and after study where PBA

was used to measure change in
performance over time.

Compared to objective quality
rating as well

Mean technical quality scores
increased significantly as did
those for quality of carotid
patch. Inter-rater reliability for
technical outcome (over all
tutor impression) was assessed

Responsiveness of the PBA
form was assessed.
Reliability of the PBA form
was found to be low, but
could be related to the
statistical analysis of the




Table 4 Continued

measures of change. Each PBA
checklist item was given a
score from 1 inadequate to 5
expert

and found to be acceptable at
Cronbachs alpha 0.7. But
surgical skill assessment as
derived from the PBA form was
low Cronbachs alpha 0.47 for
task specific and 0.165 for global
surgical skills

checklist being quite
different to previous
methodologies. Validity not
addressed. Partial blinding
only of the technical quality
assessment.

Single centre
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Table 5 Example of the output from a “d study” on reliability of Procedure based assessment in the workplace

Assessors per case

5. Source: Taken form “Assessing the surgical skills of trainees in the operating theatre: a prospective observational study of the methodology” (58).
This table illustrates that only 1 assessor for two cases is required to achieve reliability co-efficients above 0.8. Taken from the post hoc analysis
section of the Health Technology report the original citation is table 57b after obstetrics and gynaecology trainees had been excluded from the

analysis.
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Since the publication of this study two further studies have been
performed which have utilised PBA as an assessment tool. The first of these
assessed 10 trainees performing a patch angioplasty on a pulsatile vascular
simulator before and after simulated practice(122). PBA was used to assess
the trainees at baseline and after a 3 day intensive training course. The PBA
form was found to be internally responsive to a training effect but
reliability of the checklist items was low. Validity of the PBA tool was not

addressed in this study.

The final study described utilising PBA examined how accurate trainees
were at performing self assessment on live appendicetomy compared to
their supervisors(121). Twenty five higher surgical trainees took part and
the main findings were that global summary scores correlated well
between trainees and supervisors, with minor over-ratings on the checklist
section of the PBA tool. Interestingly this study also included a qualitative
assessment and identified that trainees were more likely to highlight non-
technical skill deficiencies rather than technical errors, which supervisors

tended to focus on.

Although the evidence base for PBA is presently small, it is clear that in well
designed robust studies that it appears to be a valid and reliable tool in the
theatre environments. However the evidence in the simulated setting is
less robust although encouraging. Validity appears to be consistent when
described in simulated studies, but there are conflicting results for
reliability, possibly due to the different statistical analysis utilised to
describe the results. Responsiveness, where assessed, is inferred rather

than highlighted as a psychometric property of the PBA tool(97).
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1.4 The case for Simulation: An Overview of the Evidence

Simulation is defined as the ability to recreate authentic problems or
scenarios to engage and train a learner in a particular skill, behaviour or
characteristic that is divorced from real world consequences(31). In the
context of medical and surgical education, simulation reduces the need for
trainees and junior doctors to practice new skills on patients which could
result in harm or distress and allows doctors the ability to repetitively and

deliberately practice in order to develop expertise(37).

Simulation and simulation training encompasses a wide range of disciplines
and methods of delivery (20, 123). Traditionally surgical apprenticeship
models of training focused on practicing on patients through learning on
the job and many years of observation of mastery before being allowed to
perform surgery independently on patients(124), but development of
simulation technologies is beginning to replace this traditional training
paradigm, and is becoming increasing realistic and complex as the

technology in this field advances(125).

Simulation can broadly be classified into scenario training, low fidelity skills
training, high fidelity skills training and perhaps the most complex which

involves high fidelity skills simulators with real-time scenario training(125).

Scenario training encompasses simplistic one to one training such as
patient- doctor interactions that can be found at a medical school which
help students in techniques like breaking bad news or taking consent or
counselling patients(126), to more complex recreations such as crisis
management or advanced life support moulages. Here actors or other
trainees and facilitators are used to represent different individuals to help
trainees problem solve and practice complex technical skills such as

intubation and resuscitation using high fidelity manikins(125).
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Low fidelity skills training involves the use of training simulators that have
less than life like handling properties and usually involves bench models
such as plastic recreations of pelvic anatomy for practicing urinary
catheterisation skills or plastic tubing or latex materials which can be used
to practice vascular surgery techniques(127). There are also commercially
available jig sets that mimic a part of an operation, such as a saphenous
femoral junction ligation(92) or carotid endarterectomy(128) in vascular
surgery. These types of simulator are low cost and often disposable but
allow junior trainees the opportunity to practice basic techniques without
consequence and with minimal cost. An example of a basic training surgical

training jig is shown in figure 3.

Figure 3 an example of a low fidelity vascular surgical training jig

High fidelity simulators are relatively new and have been introduced in the
last two decades. These types of simulator are designed to actually
represent part or all of an operation. They frequently contain a computer
and a mechanism by which a trainee can interact in a physical sense with
the simulator. High fidelity simulators now exist for laparoscopic
biliary(129), urology(130, 131) and gynaecological surgical operations.

Endoscopic simulators are commercial available for colonoscopy, upper
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gastrointestinal endoscopy and urology(132). Endovascular simulators have
been designed to recreate interventional procedures such as angiogram
and angioplasty for cardiologists, neurologists, radiologists and vascular
specialists; they are typically expensive and have been limited to a small
number of training units(133). Trainees and trainers require time to

become familiar with the programme and systems that run the computer.

High fidelity simulation has not just been limited to the surgical disciplines
and there are now resuscitation manikins that talk, breathe, groan, bite
and have pulses and breath sounds which are increasing being used to

train doctors and allied professionals in life support techniques(134).

However systematic reviews show simulation is not superior to traditional
training models such as learning in an operating theatre on real
patients(123). But it has been shown to reduce error, shorten learning
curves, reduce operating and procedural times and provide increased
trainee confidence in performing complex procedures(26, 135). So, these
facets of simulation; the ability to provide accelerated learning through
deliberate practice outside the clinical environment are why there has

been a growing emphasis in incorporating simulation into surgical curricula.

However there seems to be a lack of coherence within the literature of a
structured approach to translating the evidence, which is abundant, from
the small scale studies that presently exist in the surgical simulation
literature to evidence based surgical simulation curricula design. The
exception is presently the innovation of the pilot orthopaedic surgical
training programme from Richard Reznicks’ group in Canada, where a
radical overhaul of surgical training is taking place; training surgeons in the
simulation suite before being allowed to progress to operating of live
patients(136-139). This structured modular approach aims to combine the
benefits of simulation with specific directed learning opportunities in the

operating theatre. The benefits of this approach are currently being
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evaluated and tested but appear promising(137-139). In the first of these
studies associated with this programme, 6, 1% year orthopaedic trainees on
an intensive simulated skills competency programme were compared at
baseline for technical skills with 8 on service and 8 off service trainees
using OSATS as the mechanism of assessment. There were no differences
at baseline between groups but after completion of the skills course all
trainees were again assessed and those on the intensive course scored
higher than the other two groups in performance of technical skills(139).
This benefit was maintained at 7 months post intensive training and
approached the competency levels of senior orthopaedic trainees(137).
This study group have also demonstrated that improved performance can
be achieved when directed student led practice verses a traditional

demonstration approach, is incorporated into training programmes(138).

Apart from the trainee centred benefits that can easily be measured such
as improved operative efficiency, self confidence and shortened learning
curves simulation has a role to play in increasing patient safety(125, 135,
140). Simulation may minimise complications and errors that can occur
through trainees operating on patients during the early phase of their
training and many authors cite this as the main reason for introducing
simulation into surgical training in a comprehensive manner. However
proving such a benefit would be extremely difficult and as yet there are no
large good quality longitudinal studies to suggest that simulation training
reduces complications or errors in surgical performance in the operating
room on patients. Further work needs to be directed at translating

evidence of benefit from the simulation suite to the operating room.

However what has been established is the premise that deliberate practice
develops expertise. Ericsson has written extensively on this subject and
studied many experts in the fields of chess, music and professions such as

airline pilots and physicians where complex motor skills and cognitive
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patterns are required to be integrated on a daily basis(32). Deliberate
practice is the hallmark of mastery and is required to progress a student
beyond competence to the level of expertise. Traditionally in the field of
surgery, deliberate practice was undertaken on patients, by surgeons in
training and following post graduate training once surgeons achieved
consultant status. Many people now suggest that this position is no longer
justifiable where increased accountability is required and shorter training
programmes have be introduced in the wake of the New Deal and
EWTR(141).

Seeking new ways to train surgeons to a level that is considered
competent, safe, and accountable and that can be delivered in the shorter
duration of training that has now been advocated and also which will be
relevant to the changing health needs of the population and the
requirements of speciality training, will be challenging. The evidence is
growing that simulation can play an important role in the content of
surgical curricula in the future. How simulation training can be integrated
and delivered within surgical curricula requires careful attention the
evidence of relevance, opportunity, fidelity and assessment processes that

will be involved.

In the following chapter the evidence base for commonly used vascular
surgical simulation technologies and relevance to the experiments in this

thesis will be explored and discussed.

1.4.1 Bench Models

Bench model simulation is perhaps one of the earliest forms of simulation
training that has been integrated into surgical training in the past. Courses
such as the Basic Surgical Skills (BSS) and Basic Laparoscopic skills course
that have been traditionally run by the royal colleges in London and

Edinburgh use this basic technology to train junior surgeon in basic
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techniques such as instrument and tissue handling skills and suturing and
knot tying skills. The Basic surgical skills course has been running since
1994 and provides junior surgical trainees a standardised approach to

many surgical techniques.

Bench models include simple suturing jigs, plastic anatomical models and
box trainers for basic laparoscopic work often made of foam or latex type
materials. They are often considered low fidelity simulations due to less
than life like handling properties and the limited nature of the skill being
tested; often only part of a procedure or operation; however they have
distinct advantages over practicing in the operating room. They are
relatively inexpensive, reusable, require minimal or no supervision and are
safe with no exposure to preservative chemical such as formalin or

exposure to live animal or human tissue.

The earliest described efforts in modern day literature to introduce
simulation training in to surgical curricular involving surgical low fidelity jigs
is described by Bevan in 1981(142). He describes jury rigged simulators
which allowed 18 surgical trainees perform gastrointestinal anastomosis on
a 3 day structured course and since that time commercial simulators have
become available and mass produced to allow structured teaching in basic
techniques. However the literature describing benefit for such simulators is
heterogeneous. There are a plethora of studies describing different
simulators including vascular(36, 143, 144), gynaecological(145),
urological(146), orthopaedic(97, 147), cardiac(116) and basic laparoscopic
basic box trainers(145, 148). However the literature to evaluate their
effectiveness is not coherent. Methods used include simple course
evaluation questionnaires(149), global rating scales(148), checklist rating
scales(145), and efficiency of motion analysis and video analysis(27, 72)
which makes comparison difficult between similar studies. In addition

many studies do not describe validity or reliability evidence and rarely both
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and a typical study contains only small numbers of participants with

varying levels of expertise (123, 127).

Sutherland et al in 2006 performed a systematic review of randomised
controlled trials of simulation training(123). Within this study which
identified 30 randomised controlled trials and 760 participants there were
only 4 studies(149-152) that compared model training with other forms of
training or no training and only 5 studies that compared laparoscopic low
fidelity bench top box training with no previous training(151, 153, 154)
(155, 156) The maximum number of participants with these studies was 24
which included both arms of the study(151). The outcomes between
studies varied between objective assessment on a simulator(151),
performance on cadaveric material(149) or performance in a live
operation(152) or a translational benefit measure in the operative
environment(150). The results were shown to be inconsistent to benefit
with respect to box training and a modest benefit with respect to model
training(123). But there are many confounding factors which are
illustrated by such studies. Baseline characteristics vary from study to study
as does the methods of evaluation and intervention, blinding is not always
present and in some instances the studies do not state whether the
simulation has been validated prior to the study been carried out, this
makes interpreting the results difficult and in some instances meaningless,
if the simulator being studied does not demonstrate a learning effect
between groups of different ability then a ceiling effect is achieved and
improvement between simulators or after repeated practice will not be
demonstrated at the time of evaluation, will limit the usefulness of the
simulator and may be difficult to prove translational benefit to the

operating room.

In the area of vascular surgery replication of open surgical procedures has

been demonstrated in a small number of studies. Pandey et al have

70



described the introduction of open surgical simulation in the introduction
of the European Vascular workshop using 15 candidates of varying
expertise and found using an abdominal aortic simulator improvements in
global performance and time taken to perform and anastomosis were
demonstrated from baseline after 3 days of training on an aortic simulator.
Improvements were demonstrated using 3 blinded video raters for the pre
and post assessment score using OSATS assessment tool(157). A further
study by Pandey et al conducted over 2 years prior to the introduction of
the skills assessment in the European Board of Surgery Qualification in
Vascular Surgery, demonstrated that bench models of a sapheno-femoral
junction ligation, synthetic tibial artery anastomosis and a knot tying
simulator were construct valid and reliable methods of assessment and
that the skills assessment did not correlate with oral examination
performance or logbook accredited scores(158) which also illustrated the
need for integration of psychomotor skills assessment in surgical training

and accreditation .

Further single institution studies in assessing the usefulness of vascular
bench models have had varying outcome measures; In 2003 Bann et el
assessed 47 higher surgical trainees in Hong Kong in performing a vein
patch at depth as well as a range of procedures, using a global OSATS rating
form(159). This aim of this study was essentially a validation and feasibility
study. While the trainees had received some training at a basic surgical skill
level and had a course manual to refer to, the authors’ report there was no
correlation between level of training and the scores reported in this task,
likely, they concluded to lack of vascular training within the surgical

curriculum at that time.

Datta et al performed a similar study in 2005 using 22 surgeons(143). Five
basic surgical trainees, 8 junior registrars, for senior registrars and five

consultants performed a vascular anastomosis and sapheno-femoral
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junction dissection which was assessed using an OSATS rating scale and
motion analysis software. This was also a validation and feasibility study

which demonstrated significant improvements with increasing seniority.

There are 4 randomised controlled trials which have looked specifically at
vascular bench model procedures, again the outcome measure are variable
between studies(92, 116, 160, 161). In 2007 Sidhu et al performed a single
blind randomised trial using 27 surgical residents to assess the benefit of
simulator fidelity on subsequent performance(160). Trainees were
randomised to perform a graft to artery anastomosis either on a low
fidelity plastic bench model or human cadaveric brachial artery in a 3 hours
session. They then performed a graft to vessel anastomosis on a femoral
artery in a live anaesthetised pig. Raters were blinded to which training
method the surgeons had received. Both junior and senior trainees that
had received training on the high fidelity cadaveric model performed
better in the final product analysis. Suggesting that model fidelity also plays

an important role in eventual performance.

Model fidelity can also be used to help discriminate between differing
levels of competence, this is quite nicely illustrated by two studies by Black
et al(128, 144) who first assessed junior and senior vascular trainees
performing a simulated low fidelity carotid endarterectomy and compared
it to the performance of consultants. There were no differences in the
result between senior trainees and consultants, only junior and senior
trainees, suggesting a ceiling effect for this simulation at senior registrar
level(128). However in a later study he was able to demonstrate that the
addition of a crisis scenario in a simulated theatre, adding an increased
element of realism, with the same low fidelity model was then able to
distinguish between senior trainees and consultants who performed better

in the crisis scenario.(144)
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The second randomised control trial assessed the role of deliberate
practice in surgical performance. Price et al in 2011 published a single
blinded RCT in 39 surgical trainees(116). Trainees were randomised to
expert guided tutorial or expert guided tutorial in addition to self directed
practice performing an end to end anastomosis on a commercially available
synthetic jig. Self directed practice consisted of 10 vascular anastomosis
performed over a 2 week period. Both cohorts of trainees were then
assessed using an OSATS rating scale performing the same anastomosis on
the carotid artery of a live anaesthetised pig by 2 blinded raters. Those
trainees who undertook deliberate practice received higher OSATS scores,
scored higher on end product evaluation and performed the anastomosis
faster. The requirement for supervised deliberate practice was highlighted
in a third RCT of simulated aortic repair where improved performance from
baseline, as measured by OSATS was significant, when trainees were
randomised to be supervised by trained faculty verses a lab co-
ordinator(162).

Skills transfer to live operating performance is being increasingly
recognised as an important discriminator in determining whether a
simulation intervention is useful as a training tool. As, despite the positive
evidence from studies such as orthopaedic group in Canada, training can be
simulator specific, and these simulator skills need to be demonstrated to
translate well to the real world. In the fourth of the randomised controlled
studies in vascular simulation, Hseino and colleagues described the one of
the first randomised controlled trials of skills transfer in vascular surgery to
the live operating format using sapheno-femoral junction bench
models(92). They randomised 12 procedure naive surgical trainees to
bench model training or no training before asking them to perform a
sapheno- femoral junction dissection and ligation in the operating room on
a live patient while being assessed by a blinded rater. Those trainees that
had received the bench model training outperformed the trainees who had

73



had no simulation training using an OSATS tool as measured by the global
rating scale p<0.001 and procedure specific elements p< 0.001. While this
is a small trial, with small numbers of trainees, it clearly demonstrates the
benefits to the trainee in being given the opportunity for relevant, index

specific practice before being allowed to operate on patients.

The main open vascular simulation studies are summarised in table 6,
(pages 75-77) but of the evidence that presently exists for vascular
simulation there is emerging data to suggest that bench models can
improve performance after deliberate practice and assessment, that higher
model fidelity improves retention of skills and can further discriminate
between skill level of participants and that practice on simple bench
models can improve performance in the operating room, when assessed by

validated methodologies.
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Table 6 Summary of the main vascular simulation studies involving bench models and similar techniques

Setting

Outcomes

Comments

Pandey et al 15 candidates European vascular workshop using Global performance and time taken to Construct validity of the simulator or OSATS tool not explored,
2005(157) aortic abdominal simulator were assessed at perform anastomosis using blinded video simply the training potential of the simulator, and illustrating that
baseline and after 3 days training raters utilising the OSATS tool. the assessment tool could be responsive
Pandey et al 30 candidates of different training level tested on Poor correlation with exam performance and | Assesses only the difference in performance between assessors
2006(90) sapheno-femoral junction, distal tibial anastomosis | log book accredited scores but demonstrated | and candidates but highlighted the present lack of psychomotor
and knot tying simulators to be valid and reliable methods of assessment in surgical training before consultant certification
assessment (intra-observer reliability)
Bann et al 47 higher surgical training were assessed Main aims were validation and feasibility Vein patch insertion found to be unreliable due to lack of vascular
2003(159) performing a vein patch at depth, along with study. Vein patch insertion was found to be training in that particular curriculum.
additional open procedures. not valid assessed by OSATS form.
Single institution, un-blinded
Datta et al 22 surgeons, five basic trainees, 8 junior registrars | Assessed using motion analysis and OSATS No assessment of reliability, but OSATS scores correlated well with
2006(143) and 4 senior registrars and 5 consultants assessment forms. Which demonstrated motion analysis
performed a vascular anastomosis and sapheno- increasing scores with seniority and so
femoral junction dissection demonstrated validity of these models
Sidhu 2007(160) 27 surgical residents were randomised to To assess the impact of model fidelity on Validity of the training models not discussed.

performing a vascular anastomosis on a plastic
bench model or human cadaveric on a brachial
artery in a 3 hour session. Residents were then
assessed on a live pig model performing a graft to
femoral artery anastomosis by raters blinded to
training technique

performance.

Construct validity demonstrated for junior
and senior residents for the final femoral
artery anastomosis

Reliability not assessed by blinded final assessments.

Demonstrated that Model fidelity plays an important role in skills
transfer and Authors found that cadaveric training conferred the

greatest benefit.
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Table 6 Continued

Price et al 39 trainees randomised to expert guided tutorial To demonstrate that self directed deliberate | Demonstrated that expert guidance improved scores.
2011(116) or tutorial plus self directed practice of 10 end-to- | practice improve performance.
end anastomosis on a synthetic jig. Then assessed
on a carotid artery of a live anesthetised pig using | OSATS scores, final product analysis and time
OSATS to complete the procedure were all higher in
the deliberate practice group
Hseino 2012(92) | 12 procedure naive trainees randomised to Designed to assess skills transfer Demonstrated responsive nature of the assessment tools used and
sapheno-femoral junction (SFJ) ligation on a bench that skill transfer at Sapheno-femoral junction ligation was
model or no training. Trainees then assessed by a | All trainees assigned to simulator training out | feasible.
blinded rater using a OSATS tool and ICEPS for performed those that received no training on
sapheno-femoral junction ligation on a live SFJ both the OSATS and ICEPS tools
operation
Black 2007(128) 41 surgeons, (consultants, senior and junior Validity and reliability assessed. Validity and inter-rater reliability both assessed.
trainees) assessed by validated rating scales on a
carotid endarterectomy model Significant differences were found between Model did not demonstrate full validity between senior trainees
junior and senior trainees, but not senior and consultants, suggesting a ceiling effect for this simulation.
trainees and consultants, suggesting partial
validity of this training model, it was found to
be highly reliable Cronbachs alpha 0.9
Black 2010(144) High fidelity carotid endarterectomy in simulated | Validity and reliability assessed Versatile assessment in a high fidelity environment.

operating room environment with 30 surgeons (10
junior trainees, 10 senior trainees and 10
consultants). Assessed using a validated rating
scale and non technical skill assessment in a crisis
and non crisis scenario

Assessed technical and non technical skills
and confirm validity for all levels of
participant for both crisis and non crisis
scenarios and inter rater reliability was high
>0.8 for both scenarios

Validity and reliability of the scenario assessed.

Added high fidelity provided a discriminator between senior
trainees and consultant which was not seen in the previous low
fidelity study.

76



Table 6 Continued

Robinson
2013(162)

18 surgical residents randomised to 2 sessions of
simulated aortic aneurysm repair either supervised
by trained faculty or skill lab co-ordinator. Used a
validated tool similar to the OSATS

To assess improvements from base line in
both cohorts. Only the group assigned to
trained faculty improved significantly from
base line

Modified OSATS found to be valid for year of
training at baseline, and the simulator was
found to be valid at baseline for year of
training.

All assessments blinded and assessed by video.

No reliability analysis.

Duran 2014(115)

Ninety two trainee assessed performing a end-to
side anastomosis using a modified OSATS tool

Outcome primary to assess the validity and
reliability of the OSATS tool. Found to be
valid between novice, intermediate and
senior trainees, for the checklist and global
rating scale GRS. Inter-rater reliability ranged
from 0.64-0.77. high internal consistency
between checklist and global rating scale
high.

Study methods abandoned the checklist element as cumbersome
and redundant given high internal consistency between checklist
and GRS.

Validity, reliability and internal consistency addressed.

Robinson
2012(161)

37 junior residents randomized to a 3 week course
or 6 week course of instrument recognition and
end-to —side vascular anastomosis. Assessed using
a modified OSATS checklist score converted to a
numeric value.

To assess improvements from baseline
between a short or long course.

All trainees improved from baseline and
there were no significant differences
between short and long course. Skill
retention at 16 week was similar

Validity of the assessment tool not described, nor reliability.
The tool appears responsive to practice effect.
Clear benefit in skill improvement

Blinded only to allocation
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1.4.2 Endovascular Simulation

The first endovascular simulator to be described was by Dawson et el in
2000(163). This essentially consisted of a computer based synthetic
fluoroscopy unit, interactive anatomical display and enabled the user to
perform left and right coronary artery catheterisation using real catheters.
There are now 3 other endovascular simulators that are now commercially
available; The CathLabVR surgical simulator (Accutouch® System
Immersion Medical), the Procedicus Vascular Intervention Simulator
Trainer (VIST™ Mentice) and the ANGIOMentor™ family (Simbionix)(133).
Each of these simulators has simulated fluoroscopy and provides the user
with tactile or haptic feedback and a greater or lesser degree of simulated
patient monitoring. At the end of each procedure the user is given a
detailed breakdown of performance using simulated metrics such as time
to complete procedure, contrast and fluoroscopy use and depending on
the procedure performed, a quality of final product analysis such as

residual stenosis in the case of angioplasty or stenting.

Due to the multiple specialities that can potentially benefit from the
training possibilities of virtual reality high fidelity endovascular simulation,
such as vascular surgeons, neurosurgeons, cardiologists and interventional
radiologists the European Virtual Reality Endovascular Research Team
(EVEREST) was formed. This was mainly fuelled in the first part by the need
for training in carotid artery stenting (CAS)(133). This is a high risk
procedure with a distinct learning curve and serious potential
complications (risk of stoke to be between 5-6% as opposed to carotid
endarterectomy with a stroke risk of 1-2%) and the high fidelity simulators
which allow rehearsal of this complex procedure were felt to be ideal in

order to shorten the learning curve associated with this procedure,
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therefore much of the early work of endovascular simulation focused on
CAS. Since 2004 there have been a number of studies focusing on renal
artery angioplasty and stenting and iliac and superficial femoral artery
(SFA) angioplasty and stenting in addition to CAS(110, 164, 165) and are

summarised in table 7 (page 84).

In common with the work regarding open simulation these studies typically
involve a small number of candidates and the outcomes measured are
variable. Much of the early work performed on endovascular simulators
involved experienced interventionalists performing CAS. Dayal et al in 2004
reported on the results benefits of using VIST simulator to perform
CAS(166). Twenty one interventionalists (5 experienced interventionalists
with >300 procedures and 16 novices with <5 interventional procedures)
performed two CAS procedures after didactic teaching and were assessed
using a 50 point checklist scale and simulator metrics. They were able to
demonstrate statistically significant improvements in novices’ procedure
time, fluoroscopy use and checklist scores which was not demonstrated in
the experienced interventionalist group. In essence this was a construct
validation study which demonstrated a learning benefit in inexperienced
trainees. Hsu et el in 2004 also published a similar study on CAS using the
VIST simulator, here they assessed 41 subjects, novice and advanced
cohorts performing CAS(167). Only 29 completed the study protocol which
consisted of a single pre-test run on the simulator performing a CAS
followed by either further practice over 60 minutes or no practice. Those
that received practice improved their completion time significantly and the
greatest effect was seen in novice trainees confirming that the simulator

was construct valid for CAS and had the potential for training benefit.

Over time the versatility of endovascular simulators has been explored and
further studies have been designed to assess the benefit of endovascular

simulators in renal and iliac and SFA interventions. In 2006 Berry et al
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looked at simulator metrics alone in a study group of 8 experienced
interventionalists and 8 novices (medical students) performing a renal
artery stenting procedure(168). Each participant received 45 minutes of
didactic teaching followed by a 2 hour familiarisation session then a testing
period. There were no significant differences between groups in residual
stenosis, stent placement accuracy or number of cine loops performed or
procedure time. The only significant difference was in fluoroscopy use
which was greater in the novice group, suggesting lack of construct validity
in this method of assessment and simulation, but the educational benefit

of the simulator for the novice trainees was not emphasised.

Neequaye et al in 2007 assessed the benefits of skills transfer from renal
stenting procedures to iliac stenting(169). They randomised 20 trainees
without endovascular experience to perform either eight renal artery
angioplasties or iliac artery angioplasty using the VIST simulator. Each
trainee then crossed over to perform the alternate procedure twice. Their
performance was assessed using the metrics provided by the simulator.
The main findings of this study demonstrated that there were
demonstrable learning curves for both procedures in time taken to
complete, fluoroscopy, stent placement accuracy and contrast use.
However those trainees that had performed the iliac intervention first had
significantly higher fluoroscopy times when performing the renal
intervention than those that had performed this first. Whereas those that
had performed the renal intervention first performed the iliac intervention
to the same level as the initial iliac group, suggesting that selective arterial

catheterisation is a more complex and separate skill.

There are no validation studies to date that have addressed the suitability
of iliac or SFA angioplasty as a training tool in surgical or interventional
trainees. This seems rather counter intuitive to a staged curriculum

approach that would be advocated in the clinical setting. For example any
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interventional trainee would not begin learning interventional procedures
by performing a CAS or renal intervention as these represent more
complex procedures that would be undertaken by experienced
interventionalists as perhaps demonstrated in the above study.
Interestingly those studies that do involve either iliac or SFA angioplasty
are the studies that illustrate an in vivo benefit or transfer of benefit to the
clinical setting. In 2007 Berry et al published the results of a small study
which stratified, by experience, 12 surgeons and interventional radiologists
(open surgical experience 0-31 years and endovascular experience 0-5
years) to 4 groups which were allocated two training sessions(111). This
was in either iliac artery revascularisation in a porcine model or in a virtual
reality simulator or a combination of both in either order consisting of
repeated practice over 3 hours. They then completed a further evaluation
in both models. They were able to demonstrate using blinded video ratings
of both procedures that exposure in the virtual reality model improved
performance in both the virtual reality model and the porcine model.
Practice on the porcine model improved the final porcine model score but
not the virtual reality model score suggesting once again that model fidelity
plays an important role. Virtual reality model scores were consistently
higher than the porcine model scores and surgical or interventional
experience did not appear to predict total scores although total scores for
experience in both models combined improved significantly. Analysis of
median total scores suggests no ceiling effect was reached in either model.
This study suggest that virtual reality training can be translated to an in
vivo setting, but this study contained small numbers of experienced
practitioners , 3 per group, and lacked any prior validation of either model
or their assessment tools, a modified OSATS tool and checklist. This may
explain why no differences were found between differing levels of

experience; despite the authors statement that total scores skills
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assessment is independent of the “laborious necessity of validation of

simulator metrics”(110, 111).

Chaer et al in 2006 is the only randomised, but un-validated, trial published
to this present date regarding the translation benefits of endovascular
simulation to the catheter lab on real patients. This study describes a two
arm study in which 20 interventional naive trainees received either didactic
teaching on interventional catheter techniques or didactic teaching
combined with a maximum of 2 hours teaching on an iliofemoral
angioplasty/stenting model on the VIST simulator. Randomisation was
based on sealed envelopes after all trainees had completed the didactic
teaching stage. Each trainee then went on to complete 2 lower limb
interventions within 2 weeks of completion of the training by a blinded
assessor using a checklist and global rating scale which was adapted from
the original OSATS tool. The main finding of this study were that those
trainees which received prior simulator training performed better in the
majority of steps and global rating score when required to perform an
intervention on real patients than those that did not, an effect that
persisted in the second intervention, interestingly the most significant
values are seen in the elements of wire handling and catheter handling and
precision of wire and catheter techniques and general flow of the
procedure, skills not assessed by the simulator directly. There were no
validation processes described within this study prior to the trainees
performing the iliofemoral intervention or if the adapted checklist and

global rating scale described was a valid measure of performance.

A further prospective study is presently in progress in the United States
which has been running for 4 years and involved 25 surgical residents
which have been randomised to intensive simulator training or a standard
surgical rotation which has not yet been published, Lee et al(170). Early

results have shown an additional average of 9.3 hours of training on a
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simulator has resulted in a translational benefit in live case performance
(scores of 3.6 vs. 2.4 out of 5 p<0.001 as measured on a Likert scale). All
residents which underwent simulation training felt it helped with learning
new skills in the angiography suite and improved their 3D
conceptualisation and their understanding of imaging techniques. As it has
not yet been published it is difficult to comment on the methodology of
the study but it illustrates the potential of endovascular simulation as a
training tool for the future, and this and studies such as Chaer et al,
illustrate the potential benefits of simulated endovascular training for

vascular specialist trainees.
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Table 7 Summary of the main endovascular simulation studies illustrating the simulator

type and procedure investigated

Transfer to in

Construct

Dayal et al 2004(166)

VIST

Carotid

validity

Vivo

No

Hsu et all 2004(167)

VIST

Carotid

No

Nicholson et 2005(171)

VIST

Carotid

No

Aggarwal et al 2006(172)

VIST

Renal

No

Hislop et 2006(112)

VIST

Carotid

No

Berry et al 2006(168)

VIST

Renal

No

Patel et 2006(171)

VIST

Carotid

No

Chaer et al 2006(110)

VIST

Iliac/SFA

Yes- Human

Dawson et al 2007(165)

Simsuite

Iliac

No

Berry etal 2007(111)

VIST

Iliac

Yes- Porcine

Neequaye et al 2007(169)

VIST

Iliac/renal

No

Van Herzeel et al 2007(173)

VIST

Carotid

No

Van Herzeel et al 2008(174)

ANGIOMentor

Carotid

No

Lee J.T 2012(175)

ANGIOmentor

Iliac and renal
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1.4.3 Video Analysis

Video taping of surgical procedures has a number of roles within the
educational literature. It can be used as an educational tool and many
websites and institutions such as the royal college of surgeons use videos
of surgical procedures and simulations to provide a standardised procedure
for reference in order help trainee surgeons learn new procedures and
skills. One of the most valuable uses for the trainee is the potential it has to
provide feedback on performance and there are studies that focus on the
usefulness of video performance and its role in giving trainee feedback(38,
176, 177).

Review of the literature in vascular simulation suggests that video analysis
has a limited role in objective assessment of trainees on a daily basis. The
majority of studies within this area use video analysis as a tool to ensure
blinding of rater assessment and to allow reliability data to be gathered.
This usually occurs when either an assessment process such as a new
simulation model is being tested or when a new tool for assessment such
as PBA, OSATS or mechanisms that measure surgical efficiency need to be
evaluated. As procedures become more complex and skills such as decision
making are included in such studies, the limitations in video feedback and
assessment become obvious. Few institutions have dedicated facilities to
produce multiple camera angles that allow a comprehensive assessment of
surgical performance which encompasses both the skill and required
cognitive elements essential in advanced surgical practice that a live
contemporaneous rater can provide. This of course in many situations
removes the blinding element crucial for many studies, but it is not
impossible, merely time consuming and difficult to produce under study

conditions. As such this type of video assessment process is often limited
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to small numbers within each study and often limited to giving feedback
alone specifically on the technical skills being demonstrated. Under study
conditions finding qualified raters, usually experienced clinicians, for whom
it is often difficult to find time to evaluate a performance is also an issue.
Each video must also be edited in a standardised fashion which also takes a
considerable amount of time, even for short procedures. Once this is
magnified up for each and every participant within a study the logistics can

be easily become unmanageable.

The majority of studies using video analysis to assess trainees are therefore
limited to single camera assessments using bench model simulation or
open surgical procedures or laparoscopic tasks where the in situ camera

makes assessment of psychomotor skills easier(96, 104).

Within the arena of vascular and endovascular surgery there are few
studies that have used video assessment as part of the study protocol. The
outcome measures include establishment of validity and reliability of
assessment methods(104), establishment of construct validity of a
simulator model(128, 143, 144), assessment of improved performance(38,
157) and assessment of construct validity of a endovascular simulation
model and reliability of a modified OSATS tool(112).

Datta et al performed two studies in 2006. The first used video analysis of 2
previously validated surgical models of a small bowel anastomosis and vein
patch insertion to assess the validity and reliability of snap shot video
assessments scored with OSATS in 30 trainees(104). This was in
comparison to a surgical efficiency score which was a combination of hand
motion analysis and final product analysis and in comparison to the entire
procedure which was videoed. The role here was to utilise the video
assessment in order to provide blinded video raters to determine which
form of assessment correlated most highly with the gold standard

assessment method of OSATS, in this case the authors found that the
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surgical efficiency score was the most reliable assessment method and
correlated highly with the gold standard OSATS appraisal method. The
second study as described by Datta et al in 2006 utilised blinded video
assessment to determine the construct validity of vascular anastomosis
and sapheno-femoral junction bench model dissections by 22 trainees and
consultants which demonstrated significant differences between junior and
senior trainees as measured by the previous validated OSATS assessment
tool, thereby confirming that these particular models are construct valid as
measured by OSATS(143).

Black et al published a similar study in 2007 in which they utilised blinded
video analysis of 41 surgeons performing a CEA procedure on a bench
model and a three throw knot tying exercise to determine if these
particular bench models could distinguish between different levels of
surgical expertise or construct validity(128). In this particular case, there
were significant differences between junior and senior trainees, but not
senior trainees and consultant which are a similar finding to Datta et al in
their earlier study. They too used a generic OSATS rating scale and a final

product analysis score.

Demonstration of improved performance after training using video analysis
is in common to the studies by Pandey(157), Boyle(38) and Sigounas(178).
In the first of these studies by Pandey et al video analysis was used at the
European vascular workshop in 2003 and 2004 and involved 15 consecutive
participants performing a proximal anastomosis on an aortic simulator
before and after intensive training. Assessment methods include time,
quality of final product and generic and procedural rating scale (OSATS). All
participants’ demonstrated improvement however retrospective analysis
of the results suggested those that did not improve was those with the

most prior experience(157).
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Boyle et al used video analysis of handling errors of endovascular
instruments in combination with simulator metrics in 18 endovascular
novices performing renal artery stenting 6 times on an endovascular
simulator. This study was able to demonstrate that trainees who received
expert feedback improved the most in comparison to non expert or no
feedback as demonstrated by simulator metrics and video assessed
handling errors. This study illustrates a significant finding on the literature
on endovascular simulation which is the inability of the endovascular
simulator to provide relevant feedback to the trainee and the limitation of
simulator metrics to distinguish between relevant or irrelevant handling
errors which can often be over estimated by the simulator(38). This
concept was explored further by Hislop and colleges who used blinded
video assessment by 2 raters of 61 subjects performing three vessel wire
and catheter advancement of the aortic arch. In an effort to capture all
relevant information in a blinded manner they videoed each subjects hands
performing guide wire manipulation and the internal fluoroscopic
recording from the VIST endovascular simulator. They were able to
demonstrate that the simulator was able to distinguish between
inexperienced and experienced operators in completion times i.e. valid and
in previous experience as measured by a modified OSATS scale. This
suggests that the simulator is a valid construct in determining between
different levels of expertise and that a modified generic OSATS was also
valid for level of expertise. Reliability was also reported as statistically
significant between the 2 raters, although no reliability co-efficient was
quoted in this study(112). A summary of these studies is demonstrated in
table 8 (p 89) but highlights the scanty literature on video analysis in

simulated vascular surgery and associated techniques.
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Datta et al
2006(104)

Table 8 Summary of the main vascular simulation studies utilising video assessment method

Procedure Assessed

Vein patch

Methodology

Snap shot edited video assessments scored with
OSATS in 30 trainee vs motion analysis vs entirety of
the video

Validity

Concurrent validity only with OSATS and the
surgical efficiency score but construct validity not
assessed

Reliability

Datta et al
2006(143)

Vascular anastomosis and
sapheno-femoral junction models

22 trainees and consultants assessed by blinded
video using OSATS tool

Construct validity confirmed, between junior
and senior trainees

Black et al
2007(128)

CEA and 3 throw knot trying
exercise

Blinded video analysis using generic OSATS tool

Construct valid between junior and senior
trainees but not senior trainees and consultants

Pandey et al
2005(157)

Proximal anastomosis on an aortic
simulator

15 consecutive participants videoed performing
before and after training assessed using OSATS

No validity or reliability assessment performed.
Improvement of base line scores only

Boyle et al
2011(38)

Renal artery stenting

18 novices performing 6 stents, 2 groups with expert
and no feedback. videoed

No validity or reliability assessed , study to
highlight the importance of expert feedback
which improved performance in this study.

Sigounas et al
2012(178)

Femoral to popliteal bypass,
carotid endarterectomy and open
aortic aneurysm repair

Senior general surgical residents, were video pre and
post performance and assessed by a blinded video
rater

To assess improvement in technique with
dedicated practice. No validity

No reliability

Hislop et al
2006(112)

Three vessel wire and catheter
advancement over the aortic arch

61 subjects, and 2 raters. Video assessment of both
fluoroscopy and subjects hands, internal metrics and
OSATS tool used

Simulator was valid for completion times, ie
more experienced operators were quicker and
received higher scores

Reliability was
assessed but no
co-efficient
given.




1.5 Chapter Summary

Surgical training has undergone many reforms in the past few decades.
Changes have taken place in the structure of the training pathways and
working conditions for all surgeons under government and European
legislation with the aim of improving working conditions for many hospital
based speciality doctors. However this has been as the expense of less “on
the job” exposure to training opportunities for junior trainees. Surgeons
and many other “craft” based specialties have been affected most(16)
where psychomotor skills form a significant part of the competencies that
are expected to be achieved prior to completion of specialist training. In
conjunction with these restrictions medical education as a speciality in its
own right has driven changes in the methods used to assess trainees,
especially in the area of surgery, resulting in unique behaviourally defined

assessment methods mapped to clearly defined curricula.

The need for competency assessment and less exposure to live operating
lists and theatre based learning opportunities have highlighted the need to
supplement traditional training methods of learning on patients to perhaps
more ethically, educationally sound and potentially more cost effective

methods such as simulation training.

Basic low fidelity simulation training methods have been in standard
practice for the past few decades, but only on an ad-hoc course basis,
delivered intermittently to trainees at the discretion of deanery funding
and study leave. But as technology in this area has improved, so has the
potential to integrate simulation into many facets of surgical training on a
regular, training level appropriate manner. In the discipline of vascular
surgery there have been few open and even fewer endovascular studies
that can help inform how we deliver and assess simulation training if it is to
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be used as an adjunct in the future. Those studies that do exist which
highlight the positive element of that deliberate practice improves
performance are frequently, small, un-blinded and use assessment
technologies that are either unfeasible in the workplace, lack validation or
reliability data and few demonstrate evidence of transfer of skills to where

it will matter most, in the operating room on live patients.

In order to coherently assess simulation training within the present
curriculum, comparative data on the present method of assessing surgical
trainees, PBA, needs to be sought. Although demonstrated to be valid and
reliable in the operating room a question still remains as to whether there

is an equivalent effect in assessing simulated procedures.

Therefore utilising a similar methodology to the largest study on PBA in the
workplace to date(58) evidence was sought to demonstrate if PBA could be
a valid, reliable and responsive tool in evaluating simulated vascular
procedures. Specifically utilising the present evidence base where evidence
for simulated aortic repair(157), sapheno-femoral junction ligation have
been shown to improve trainee performance(90, 92, 158), evidence was
sought to determine if PBA was valid and reliable method of assessing
these simulated procedures and compare this assessment method to a
previously validated simulation assessment tool. Given the present lack of
endovascular evidence regarding entry level endovascular work in vascular
novice trainees, particular iliac and superficial femoral artery (SFA)
angioplasty a trainee based study was designed to evaluate the training
benefits of an endovascular simulator utilising simulator metrics and to
determine if PBA could be used to assess this method of simulation and if

PBA could be proved to be a reliable and responsive assessment tool.

91



Chapter 2: Materials and Methods

2.1 Chapter Overview

The following chapter will describe the sequential experiments designed to
investigate the psychometric properties of the assessment instrument PBA.
Each experiment has been designed to investigate a specific psychometric

element or elements of PBA.

Experiment 1 will explore the validity and inter-rater reliability of PBA in
simulated bench top procedures, specifically, saphaneo-femoral junction
ligation and proximal aortic anastomosis. Experiment 2 utilised a simulated
endovascular procedure, a superficial femoral artery (SFA) angioplasty. The
construct validity of the simulator had not been demonstrated before for
this particular procedure and so prior to gathering data to assess inter-
rater reliability and responsiveness of the PBA tool, a construct validity
study was performed and the main findings will be illustrated in
appropriate results section. Finally experiment 3 will illustrate whether PBA
possesses intra-rater reliability in addition to inter-rater reliability and this
will be demonstrated using a standardised video assessed by the same

raters at two different time points.

2.2 Data Collection Methods

The first of these tools, Procedure Based Assessment or PBA, is the
operative assessment method in regular use for UK general surgical
trainees in the workplace. There is minimal data on its use in simulated
procedures(96, 97). In addition to the PBA tool, data on the simulated
procedure was gathered using the generic section of the Objective
Structured Assessment of Technical Skills or OSATS tool of which there is an

abundance of data in simulated bench top procedures(58, 102, 107, 108)
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and live operative assessments(58, 100). The inclusion of the OSATS tool
allowed comparison to a known gold standard assessment method, in
particular the generic assessment section, which has been proven to be

valid and reliable in assessing simulated procedures.

For the purposes of this experiment each index specific PBA for sapheno-
femoral junction ligation and aortic aneurysm repair and superficial
femoral artery angioplasty were rationalised to include only those steps
that may be seen in the simulated procedure. In the main part these
consisted of the task specific and global elements of the competencies and
definitions that can be found in section IV (exposure and closure) and
section V (intra-operative technique) of the index specific PBA form. In
addition the global summary score that is included in each PBA was also
included for each assessment. This consists of a single generic score from
0-4 and corresponds to an anchoring explanatory statement of a trainees’

performance and is summarised as follows;
0- Insufficient evidence to support a summary judgement

1- Unable to perform the procedure, or part observed under

supervision

2- Able to perform the procedure, or part observed under

supervision

3- Able to perform the procedure or part observed with minimum

supervision (occasional help needed)

4- Competent to perform the procedure unsupervised (could deal

with complications that arose)

Each assessor then rated the trainee as described in the original PBA form.

Where each competency was observed it was rated as N (not seen), D
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(development required) or S (satisfactory for certification of completion of
training). Each trainee was also rated on the single generic score from 0-4

(appendix 5).

The OSATS assessment tool as it was originally formulated consisted of a
checklist of items followed by a generic score. Studies of this tool suggest
that the most reliable elements of this assessment tool were the generic
elements(102, 107) and therefore this generic element was included in this
study to allow comparison to this gold standard. In essence this scoring
system includes 7 domains, respect for tissues, efficiency of motion,
instrument handling, use of assistants, knowledge of the instruments, and
knowledge of specific procedure and flow of operation. Each domain is
evaluated on a Likert scale from 1-5 anchored with explicit descriptors to
allow the assessor to rate the trainee accurately. (Appendix 3) Therefore
each trainee was given a single score out of 35. For the superficial femoral
artery angioplasty the OSATS tool was modified from previous studies
utilising this form in endovascular procedures and approved by the lead
consultant interventional radiologist involved with the study and consisted
of 8 domains therefore each trainee was given a score out of 40. An

example of this form in given in appendix 6

For the purposes of this study both these assessment tools were
amalgamated to a single, double sided sheet that could easily be used and
distributed to the assessors and trainees for completion. In addition to
both these assessment tools the form contained sections for the trainee
and/or assessor to complete for grade of trainee, grade of assessor,

number of times the procedure had been observed and performed before.

To determine construct validity of the simulator in experiment 2 data
metrics produced by the simulator were gathered for all participants within
the study, novice, intermediate and expert to determine which if any of

these variables could prove the simulator to be a valid training tool and
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construct. The data metrics produced by the simulator included time taken
to complete the procedure, fluoroscopy, contrast use and residual stenosis.
Additionally the simulator records the time taken to position the sheath for
the intervention, number of catheters and wires used and number of
contrast runs. In order to estimate reliability on the 5™ and 10™ run the
novices were assessed using a rationalised PBA tool on angiogram and
angioplasty modified from the Vascular Society website to reflect a

simulated angioplasty (see appendix 5).

2.3 Statistical analysis

In order to compare validity and reliability and responsiveness data across
a range of different procedures a single consistent method was sought to
analyse the categorical data generated from the PBA tool. Therefore after
discussion with a statistician it was felt appropriate to analyse the data in
line with methodology of the single largest study to date regarding
PBA(58). This method converts the categorical data in the itemised
competencies section of the PBA to a numeric value for each of the ratings.
In a slight deviation from the method previously described by Beard et
al(58), N=0, D=1 and S=2 was used rather thanno Nand D =0 and S=1 as
described in the previous study. Using this method it was hoped that
analysis of the itemised competencies would be more sensitive to change
and the varying skill levels demonstrated. In order to allow comparison of
these scores between different procedures the total score for each of the
itemised competencies for the PBA was converted to a perfect score of 1
for each procedure and trainees were then allocated a score based on a
ratio of their performance compared to the perfect score of 1. The single
generic summary score from the PBA and generic OSATS score was
analysed as a numeric value without modification. Where consistently
competencies were not seen in a particular simulated procedure, such as

“dealt with variations in anatomy” these competencies were omitted from
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the final analysis consistently across procedures as being redundant to the

analysis.

The Statistics Package for Social Science (SPSS 19) (Chicago, ill) was utilised
to analyse the data. Due to the small number of data points within each
study and after analysis of the frequency histograms of the data it was felt
that non-parametric tests were the most appropriate to use. This allows
less reliance on statistical assumptions of normality due to the non

gaussain distribution of data(179).

Validity- To prove the directionality of the hypothesis stated 3 statistical

tests were used.

e Spearman’s Rank correlation co-efficient- to analyse non

parametric continuous and ordinal data

e Kruskal-Wallis one way analysis of variance - for differences
between non parametric multiple, unrelated, unequal sized groups

(specifically construct validity of the endovascular simulator)

e One Sample T-test — In the context of determining levels of
agreement between two measurements to assess concurrent
validity(180).

Reliability- To determine the inter-rater and intra-rater reliability based on

classical test theory 2 specific statistical tests were used.

e Spearman’s Correlation co-efficient — to determine if a statistically

significant correlation can be ascertained between raters
e Cronbachs alpha- as a hypothesis free estimate of reliability

Generalizable theory would have represented the ideal estimation of
reliability however a sufficiently large data set was not available and the

numbers of raters were limited to allow this form of statistical modelling.
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Responsiveness — To determine if a statistical difference exists between

the paired samples taken over time in a non-gaussain data set

e Wilcoxon signed rank test - to determine the paired difference

between mean ranks in the same population.

For the purposes of data interpretation p-values are quoted to 3 decimal
places and p=values <0.05 are deemed to be statistically significant and
lead to rejection of null hypothesis of no difference between groups or no

correlation of data where applicable.

2.4 Inclusion and exclusion criteria

Inclusion criteria were:

e Willingness to participant in the study and complete the study

protocols
e Ability to understand and use the modified PBA form
Exclusion criteria:
e Unwillingness to participate in the study

e Not familiar with or never used the PBA form before
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2.5. Data Security and Confidentially

All data was appropriately anonymised and stored either on hard copy in a
locked research office or an encrypted password protected computer for
statistical analysis. All individuals were assigned specific alphanumerical

identifiers to refer to individual data points or raters.
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2.5 Experiment 1- Validity and Inter- Rater Reliability of
Procedure Based Assessment in Simulated Vascular

Procedures

2.5.1 Study Setting for Experiment 1

The initial experiment designed to explore the validity and reliability of a
modified PBA in simulated vascular procedures was performed at the Royal
College of Surgeons England during two simulated training courses. The
two courses involved were the Speciality Skills in Vascular surgery and
Advanced Speciality Skills in Vascular surgery.  This allowed an
observational study to be performed on many trainees performing a
variety of simulated procedures relevant to vascular surgery across a range
of different levels of surgical trainee. These two courses also provided a
pool of experienced assessors in vascular surgery who had little or no prior

knowledge of the trainees being assessed.

2.5.2 Study participants

The participants in this study included basic and higher surgical trainees
from the United Kingdom and overseas. The training grades assessed
ranged from speciality trainees ST1 and ST2, to the higher surgical training
grades ST3 to ST5 and consultant. Where trainees admitted to non UK
standard training grade they were questioned further to determine their
number of years in surgical training and allocated to the equivalent UK

training grade for the purposes of data collection.

2.5.3 Study Assessors

In the first instance study assessors included the experienced vascular
consultants and tutors who agreed to participate in the study and the ST4
speciality trainee coordinating the study. As many of the simulated stations
required two trainees per station each trainee also evaluated the other in

addition to the vascular consultant supervising the trainee. This increased
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the number of assessments performed and allowed for inter-rater

reliability data to be gathered for each of the procedures assessed.

2.5.4 Simulated Procedures and Materials

Two simulated procedures were assessed to gather validity and reliability
data on the modified PBA assessment tool. The simulated procedures
included a sapheno-femoral junction ligation and proximal aortic
anastomoses provided by Limbs and Things™ and are low cost, low fidelity
synthetic simulators, designed to approximate a specific step or section of
a vascular procedure. They are illustrated in the following figures (p 101-
102).

100



Figure 4 Illustration of the primary incision during the saphenofemoral junction ligation

Figure 5. Illustration of ligated tributaries required during the dissection of the sapheno-
femoral junction ligation
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Figure 6 lllustration of the aortic aneurysm simulator

Inferior vena cava and left renal vein are illustrated abutting and crossing the proximal
aortic respectively (pink vessels). The aneurysm sac has been opened and proximal
aortic neck shown (orange vessel). The Dacron graft has been prepared and is about to
be approximated to the neck of the aneurysm (white)

Figure 7 Illustration of the completed proximal aortic anastomosis
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2.5.5 Study Protocol

Many of the trainees who attended the course were of varying skill levels
prior to performing the simulated procedures and they were all required to
watch a standardised video illustrating the steps involved in the simulated
operation before performing the procedure. The majority of the assessors
and trainees had used PBA in the workplace they were already familiar
with how the assessment tool was used and completed. An additional
short briefing was conducted with study participants in the use of the
second assessment tool, the generic section of the OSATS tool(101) prior to

completing an assessment on a simulated procedure.

Finally each trainee performed a simulated procedure and was assessed by
the trainee assisting them and by circulating assessors where possible. The
forms were then gathered in hard copy by the study co-ordinator for

analysis at a later date.

2.5.6 Good Clinical Practice and Ethical Considerations

As the study included assessment of some cadaveric material, in addition
to the data used and described in this experiment from the low fidelity
simulator jugs, consultation was required from the Human Tissue
Authority. The cadaveric data was used for a separate study. Permission
from the licence holder within the dissection laboratories in the Royal
College of Surgeons in London was required to conduct the study .This was
to ensure the use of such materials in this fashion did not breach the
restrictions of the Human Tissue Act 2004(181) and the study protocol
underwent university ethical approval. The approval number from the

Newcastle University Ethics Committee was 00530/2012.

103



Prior to collection of the data each trainee provided written consent to use
their data in this study. Each trainee and assessor was approached
individually by the study co-ordinator who had received current good
clinical practice training at the start of the course. Course participants
were briefed on what the study involved and the assessment tools used
and to what use the data would be used. If a course participant declined
involvement in the study they were not involved in the data collection or
assessment process and reassured that non involvement would not

adversely affect the outcome or completion of the course.
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2.6 Experiment 2- Construct validity of the ANGIOMentor
endovascular simulator and inter- rater reliability and
responsiveness of Procedure Based Assessment in

simulated superficial femoral artery angioplasty

2.6.1 Study setting for experiment 2

The setting for the second experiment within this study took place within
the Hull and East Yorkshire NHS Trust and utilised the high fidelity
endovascular simulator known as the ANGIOMentor. Based within the
state of the art clinical skills facility it provided an ideal opportunity to
assess the ability of the endovascular simulator to provide structured and
assessed teaching sessions for interested trainers and trainees under study
conditions.  Again using an observational methodology trainees and
trainers based within the trust were assessed performing a superficial
femoral artery angioplasty procedure on the ANGIOMentor endovascular

simulator.

2.6.2. Study participants

Surgical trainees, vascular specialist nurses and vascular consultants were
recruited to participate within this arm of the study. Seven novice trainees
were initially recruited, who had no experience of arterial or venous
interventional procedures. Five intermediate level trainees were also
recruited which included 2 interventional radiology trainees whose
experience included less than 100 superficial femoral artery angioplasties.
The remaining 3 intermediate level trainees included 2 vascular trainees
and 1 vascular consultant all of which had experience of greater than 200

endovascular venous ablation procedures. Finally 3 expert interventional
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radiologists were recruited whose experience included greater than 500

superficial femoral artery angiograms and angioplasties.

2.6.3 Study Assessors

In order to accurately assess trainees performing the interventional
procedures, assessors of sufficient experience were required to provide an
opinion of what would constitute an empirically correct performance on
the endovascular simulator. Four vascular interventional radiologists were
recruited to aid this process and provided assessments in conjunction with
3 additional experienced assessors. These included 2 vascular trainees with
extensive experience on the endovascular simulator and 1 interventional
radiology trainee with 2 years experience of radiology training and over

100 superficial femoral artery angiograms.

2.6.4 Materials and Procedures Assessed

The procedure chosen to be the focus of this study and to determine if a
modified PBA was a reliable and responsive measure of performance was a
right superficial femoral artery angiogram and angioplasty. This is one of
the first training modules that come pre-loaded on the software within the
computer of the simulator. It was chosen as it represents one of the first
procedures that an interventional trainee may be required to perform and
utilises many of the skills required in interventional radiology such as wire
manipulation and management, basic angiogram and angioplasty

techniques.

The ANGIO Mentor ™ simulator used was the first generation of simulators
produced by Symbionix called the ANGIO Mentor ™ Express. It is a portable
unit which consists of the simulator unit and two visual monitor displays,
one of which is generated by a laptop which contains the software and
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learning modules for the unit. Once the simulator is in use it generates a
fluoroscopy image on a larger screen and a visual read out of the drugs and
patient vital signs on the other and an image of the patient on the x-ray
table and x-ray tube so the user can monitor the position of these in
relationship to the patient. (Figures 8-10 p108-109) X-rays are delivered by
the operator using foot pedals so freeing the user to manipulate wires and

catheter simultaneously.
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Figure 8 the ANGIOMentor simulator illustrating the two display readout and joystick
controls for the x-ray tube and table

lllustrated also is the small metal docking port at the end of the blue simulator unit
which represents a femoral access point (white arrow)

ANGIO Mentor

Figure 9 lllustration of the catheters and wires used to insert into the simulator to
perform the interventional procedure of choice

lllustrated also are the syringes used for injecting contrast (small) and the angioplasty
device (large syringe)
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Figure 10 an example of the fluoroscopy readout after contrast injection of the left
femoral access point

The catheter can just be seen in the bottom right hand corner in the left common
femoral artery

Figure 11 illustrating the simulators ability to rotate the lesion of interest in 3 D to aid
teaching and catheter and wire positioning
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Uniquely the unit is able to generate tactile feedback to the operator so
that resistance can be felt as the user manipulates oversized instruments
or through stenotic lesions. Figure 11 (p109) illustrates the lesion used in
the study which the participants were required to identify and perform as

part of the study.

2.6.5 Study protocol

This experiment was split into 2 phases; the first phase was designed to
determine if the ANGIOMentor could be a valid training tool and important
component to ensuring the resulting data from the second phase was
reliable. This phase of the study was included as this particular
endovascular simulator and procedure had never been validated before.
The second phase, which was the focus of this study, was to determine if a
modified PBA was a reliable and responsive assessment tool in assessing

trainees performing on the simulator.

Prior to performing on the simulator each participant was given a short
didactic lecture on how the simulator instruments were used and how
contrast and x-ray screening could be delivered on the simulator. They also
received a demonstration of the joystick controls to allow for movement of
the patient and x-ray tube as required. They also received a copy of a step
by step guide produced by a consultant interventional radiologist on how
to perform the procedure. This was available to the participants
throughout the procedure to refer to if they wished and was designed to
provide trainees with an example of empirically correct performance

designed to highlight safe practice and avoid complications.

In order to demonstrate the ANGIOMentor as a valid training tool, 3 groups
of study participants were recruited. Novices, intermediate level

participants and experts performed 5 right superficial femoral artery
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angiograms and angioplasty of a TASC A lesion situated just below the
common femoral artery. The data metrics then generated by the simulator
were then used to determine if there were demonstrable differences
between groups, which would confirm the simulator as a valid training
tool. The second phase and primary outcome of interest, of the study
utilised the data and performances of the novice group of trainees. In this
phase of the study, the 5" run performed by the trainees was subject to an
observational assessment. The novice trainees were then reassessed within
3 months where they performed an additional 5 runs and were again
assessed on their 10™ and final run on the simulator. This allowed us to
demonstrate if the simulator could be a responsive tool in assessing

performance over time.

2.6.6 Good clinical practice and ethical considerations

Prior to undertaking experiment 2 formal ethical approval was required by
the Hull and East Yorkshire NHS trust research and development
department as the study involved employees of the trust. Therefore a
study protocol and documents were submitted for proportionate review to
Derby ethics committee and approval given for the study to proceed with
the study, research ethics committee number 11/EM/0317. All participants
including the assessors involved in the study gave formal written approval

for study inclusion.
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2.7 Experiment 3- Intra-rater Reliability of Procedure

Based Assessment in simulated vascular procedures.

2.7.1. Study Setting for experiment 3

The final experiment within this study was conducted to explore whether
the PBA tool could demonstrate intra-rater reliability, the property of a
tool to determine if there agreement by a single rater over multiple
repetitions of the same test(45). The experiment was conducted within the
vascular department of Hull Royal Infirmary in the Hull and East Yorkshire

NHS trust.

2.7.2 Study participants

This study utilised a single videotaped performance of an experienced
vascular surgeon performing a simulated sapheno-femoral junction
dissection and ligation with the aid of an assistant, both participants were
anonymised for the purpose of the study and wore surgical gloves and
gowns to help protect their identities. (The video is submitted as an

appendix)

2.7.3 Study assessors
The assessors involved in the study included vascular consultants a, surgical
and vascular trainees and experienced vascular nurses who had regularly

assisted with sapheno-femoral junction ligation and varicose vein surgery.

2.7.4 Materials and procedures assessed
A single videotaped performance was recorded in the minor operations

and day procedures unit in an empty operating theatre using a high
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definition Sony Handycam™ with a 25 times optical zoom to produce a
high quality video. The simulator used was the same as described in
experiment 1, the Limbs and Things™ single use low fidelity synthetic
sapheno-femoral junction ligation jig. All instruments and sutures used
were those that would be used in a standard sapheno-femoral junction and
instrument tray. Once the procedure was completed the video was edited
by the study coordinator using commercially available Sony Vegas Movie
HD Platinum version 10.0 video editing package to a 16 minute 30 second
video which included the entire procedure from exposure to closure. All
sound was removed from the video to help protect the anonymity of the

operators.

2.7.5 Study protocol

Once the video had been edited it was loaded on CD to enable playback at
a convenient time. Two initial sessions were set, 6 weeks apart, in the
regular departmental Monday morning meetings to allow for playback and
the initial assessment session. This was a pragmatic decision which allowed
for the maximum number of raters to be available at any one time. This
was then followed by the second session 6 weeks later where the video
was played a second time and the raters performed a second assessment
of the video. Periods between to 2 weeks (182) to 6 months(183) in health
and psychological measurement have shown good test —retest reliability.
Therefore 6 weeks was deemed to be a reasonable time frame within the
period of the study to ensure collection of the second paired data set prior
to rotation of junior raters from one post to the next. Where raters were
available from the first sitting, but not for the second, they were
individually contacted and supplied with a copy of the video and
assessment tools so they could perform the second assessment in a timely

manner at their convenience.
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2.7.6 Good clinical Practice and ethical considerations

Witten permission was given by the surgeon illustrated in the video for its
use within this experiment and all efforts were made to anonymise the
surgeon involved. No patients or other study subjects were involved as the
focus of assessment. All assessors gave verbal permission to use their

assessments within this study and were only identified by training level.
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Chapter 3- Results

3.1 Experiment 1- Validity and Reliability of Procedure

based assessment in simulated vascular procedures

3.1.1 Participant recruitment and baseline characteristics
In total there were 22 individual trainees who agreed to be assessed for

inclusion in the study. This represented 22 individual procedures which
were dually assessed in 3 cases. Therefore in total there were twenty five
individual assessments performed of which 11 assessments took place
using the simulated sapheno-femoral junction jig (Limbs and Things) and 14
assessments which utilised the aortic aneurysm proximal anastomosis jig
(Limbs and Things). All participants were male and training grades ranged
from ST1 equivalent to ST5 equivalent. Assessors also ranged from ST1 to
ST5 but included a significant number of consultant assessors. The
distribution of the grade assessors and participants’ is illustrated in table 9
(page 117) The data was then analysed for normality and determined to
be non gaussain in distribution therefore non-parametric tests were used
to analyse the data. Validity was determined by calculating the spearman
correlation co-efficient for the scores from the modified PBA global and
task specific checklist element of PBA (GTSC) and the global summary score

(GSS) in relationship to:
- Number of procedures previously observed and performed
-The level of training grade

-In addition the results of the above variables will be presented from the
OSTATS assessment tool to demonstrate if PBA has similar levels of validity

and whether the scores between these instruments correlate to a
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significant degree suggesting concurrent validity. Where data is illustrated
graphically trend lines have been added where applicable based on the
data. Where data is expected to model a learning curve, trend lines are

non-linear.
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Table 9 Distribution of assessors and trainees performing sapheno-femoral junction ligation and proximal aortic anastomosis

Median PBA and OSATS scores and previous operative experience are also given for the group and individual trainee level.

Assessor Procedures | Participants Median PBA | Median OPS score for Median Number of Median number

Median PBA adjusted

ST1

Assessed
designation N=25

N=25

N=22

GTSC score for all
assessed procedures
IQR=() N=25

0.650 (0.545-0.758)

GSS score for
all assessed
procedure
IQR=() N=25

2 (1.5-2.25)

all assessed
procedures IQR ()
N=23

22 (17.50-27.25)

procedures previously
observed for all assessed
procedures IQR () N=24

10 (1.5 - 25)

of procedures
previously
performed for all
assessed
procedures IQR=
() N=24

0 (0-0.50)

ST2

0.720 (0.660-0.792)

3(2:3)

21 (19.00-21.00)

27(10-27)

10 (0-10)

ST3

0.765 (0.600- 0.952)

2.5 (50- 3.75)

21 (13.00-21.00)

25 (12.50-30)

3(0-6.0)

ST4

0.960 (0.795- 1.00)

3.0(2.50-3.5)

33.00 (30.50-35.00)

30 (11-65)

2 (0.5-35)

ST5

3

3

0.840 (0.650-0.968)

2.0 (2-3.60)

28.00 (25.00-28.00)

25 (1.0- 29)

4(1-4)

Cons

8 N/A

N/A

N/a

N/A

N/A

N/A

N/A

Group
Medians
and IQR ()

ST4 ST3

(ST4- (ST2-ST4)
Consultant)

ST4

(ST2-ST4)

0.790

(0.675-0.990)

25
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27.00

(21.00-32.00)

25

(10-30)
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3.1.2 Validity of Global and Task Specific Checklist (GTSC) and
Global Summary Score (GSS) of Procedure Based Assessment
for number of procedures previously observed

The correlation co-efficients for the GTSC and GSS scores are based on data
from 24 individual assessments. Unfortunately one trainee, while supplying
their training grade did not supply their previous operative experience
therefore it was omitted from the data analysis to determine the validity of
the GTSC and GSS. The correlation co-efficient of the GTSC for number of
operation previously observed was r= 0.294 (p= 0.163). The co-efficient for
the GSS for number of operations previously observed was r=0.335 (p=
0.110). The results are illustrated on the following page. Despite illustrating
a positive correlation with increasing observational exposure the main
finding was a non-significant relationship between observation of

procedures for the GTSC and GS for the PBA tool.
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Figure 12 Scatter graph illustrating the distribution of PBA GTSC scores and Spearman’s
correlation coefficient with number of operations previously observed/assisted with
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Figure 13 Scatter graph illustrating the distribution of PBA GSS and Spearman’s
correlation co-efficient with number of operations previously observed/ assisted with
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3.1.3 Validity of Global and Task Specific Checklist (GTSC) and
Global summary score (GSS) of Procedure Based Assessment
for number of procedures previously performed.

The Spearman’s Rank Correlation co-efficient for the PBA GTSC for number
of operations previously performed was r= 0.446 (p=0.029). The
correlation co-efficient for the PBA GSS for operation previously performed
was r=0.553 (p= 0.005). The results are described graphically on the
following page. In contrast to observation when the GTSC and GSS are
correlated with numbers of operations previously performed there is a
strong statistically significant trend suggesting construct validity for PBA for

this variable.
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Figure 14 Scatter graph illustrating the distribution of PBA GTSC scores and Spearman’s
correlation co-efficient with number of operations previously performed
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Figure 15 Scatter graph illustrating the distribution of PBA GSS and Spearman’s
correlation co-efficient with number of operations previously performed
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3.1.4 Validity of the Global and Specific Checklist and Global
Summary Score of Procedure Based Assessment in
relationship to training grade

The results from the SFJ and Aortic Jig performances were correlated with
the training grade of those trainees who performed these simulated
procedures. This demonstrated a moderate and significant correlation with
the GTSC (r= 0.588 p=0.002) and a lower and borderline significant
correlation the GSS (r=0.352, p=0.088). The results are illustrated

graphically on the following page.
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Figure 16 Scatter graph illustrating the distribution of PBA GTSC and Spearman’s
correlation co-efficient with year in surgical training
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Figure 17 Scatter graph illustrating the distribution of PBA GSS and Spearman’s
correlation co-efficient with year of surgical training
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3.1.5 Validity of Objective Structured Assessment of Technical
Skills in assessment of previous observation, performance
and training grade

In order to compare PBA and determine if this newer assessment tool
could have similar or improved validity as the previously validated OSATS
assessment tool the variables of observation, performance and training
grade were analysed. These variables were analysed with respect to the
OSATS score given by the same assessors for the above procedures. When
the OSATS scores were correlated with number of operations previously
observed (r=0.231, p=0.302) and performed (r=0.347, p=0.114) the
correlation values were low and non significant. However when the OSATS
assessment results were correlated with training grade the result
demonstrated a moderate correlation that was statistically significant
(r=0.634, p=0.001). The results are illustrated graphically on the following
pages.

Figure 18 Scatter graph illustrating the distribution of OSATS scores and Spearman’s
correlation co-efficient with number of operations previously observed
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Figure 19 Scatter graph illustrating the distribution of OSATS scores and Spearman’s
correlation co-efficient with number of operations previously performed
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Figure 20 Scatter graph illustrating the distribution of OSATS scores and correlation co-
efficient with year in surgical training
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3.1.6 Concurrent validity between Objective Assessment of
Technical Skills and the Procedure Based Assessment

An important aspect of validity is to determine if an assessment tool
possesses concurrent validity with a previously validated tool. Bland and
Altman recommend that to determine whether two different types of
measurements agree especially when they use different methods, a plot of
the difference between the methods against their means can help to show
discrepancies. Simple correlation will only determine if the different
measures are linearly related not if the two measures agree(180). The
results are illustrated graphically on the following pages. The one sample t-
test has been calculated to determine the null hypothesis that there will be

zero difference between the means.

Figure 21 Bland-Altman Plot describing the relationship and level of agreement between
OSATS and the ATIS PBA Scores.
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Figure 22 Bland-Altman Plot illustrating the relationship and level of agreement
between OSATS and the PBA GSS
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Here the one sample t-test has shown that there is a significant difference
between the two measurements; hence poor agreement. The Bland-
Altman plots illustrate that there are bigger differences between the
measurements the larger the mean of the two, indicating there are higher
levels of error between larger scores. There are also wide confidence limits

indicating poor agreement.
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3.2 Experiment 2- Inter-rater Reliability and
Responsiveness of Procedure Based assessment in

simulated vascular procedures

3.2.1 Part a) Determining the validity of the ANGIOMentor

Simulator

While many of the bench top simulators such as the SFJ jig and aortic jig
had previously been validated as a training tool in previous studies the
ANGIOMentor is a relatively new simulator and had never been validated
before in superficial femoral artery angioplasty. Therefore the validity of
the simulator to distinguish between different levels of trainee was
established using the data metrics produced by the simulator. It must be
noted that data metrics provided by such simulators may only translate in a
limited way to a real world scenario. Such metrics as time to complete
procedure are only surrogate markers of performance and can only be
indirectly linked to procedural flow and skill. As a training tool this may not
be directly useful to the novice operator, time is much less important than
undertaking the procedure in a safe and error free manner. Metrics that
can distinguish and highlight errors are potentially much more useful in a
training context. As outlined in chapter 1, metrics that highlight empirically
correct performance such as handling errors and quality of final product
are potentially the most useful. In this experiment the ANGIOMentor was
found to be valid between novices, intermediates and experts in total
fluoroscopy time, total procedure time and time to position sheath for
intervention (p< 0.001). Residual stenosis was significantly different
between novice and intermediates (MWU p= .012) but not between
intermediates and experts (MWU p=.303). Contrast use was only significant

between novice and intermediates (MWU p=.020) and intermediates and
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experts (MWU p= .018). There were no significant differences between
groups in advancement of the catheter or sheath without a leading wire.

The main findings are illustrated in figures 23-28 (pages 130-132).

Of those metrics that are provided by the ANGIOMentor simulator clearly
metrics such as contrast use and fluoroscopy use can provide useful
training feedback and have been shown to be valid or partially valid in the
case of contrast use within this study. The ideal simulator metric would of
course be able to give the trainee feedback on the quality of final product
and highlight wire handling errors; which are only partially covered here in

examining travel of the leading wire without a sheath and residual stenosis
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Box plots illustrating and comparing the performance of Novice (red),
Intermediate (blue) and Expert (green) participants across a range of simulator
generated metrics. Bars indicate median values, boxes interquartile range and
whiskers the statistical range. Circles represent outliers. Kruskal-Wallis
statistical test used unless indicated.

Figure 23 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for total procedure time
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Figure 24 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for total fluoroscopy time
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Figure 25 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for time to position sheath for intervention
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Figure 26 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for residual stenosis of the SFA lesion after angioplasty
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Figure 27 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for contrast volume used
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Figure 28 Box and whisker plot illustrating participant performance on the
ANGIOMentor simulator for advancement of the guide or sheath without a leading wire
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3.2.2 Part B) Participant recruitment and baseline data for

Inter-rater reliability and responsiveness

The experiment to demonstrate if PBA possessed inter-rater reliability; the
agreement of two raters assessing the same construct simultaneously, was
originally designed to be derived from data in experiment 1. However due
to difficulties with obtaining multiple raters for each of the 22 individual
procedures the reliability data from experiment 1, (2 sapheno-femoral
junction jig procedures and 1 aortic jig procedure) was combined with the
data from experiment 2. Seven novice trainees agreed to participate in
experiment 2. They included 2 vascular research nurses, 2 CT2 surgical
trainees and 3, CT2 equivalent research fellows. There were 3 female and 4
male participants. The data from experiment 2 provided 13 individual
novice procedures from 7 individuals, 6 of which performed an assessed
run twice. The ANGIOMentor ™ assessments were in the majority of cases
performed by two individuals; in some cases 3 assessors were present for
each of the assessed simulations. This allowed 13 pairs of assessments
from experiment 2 to be combined with 3 pairs of assessments from
experiment 1. Despite the different nature of the procedures; it is the
actual assessment method under scrutiny rather than the procedure itself,
the GTSC checklist was analysed in the same way to give a ratio of the
perfect score despite differences in the number and definition of items

within the checklist so allowed parity between experiments.

The raw data scores for all the procedures utilised to assess inter-rater

reliability are given in the table 10 (p 135).

As previously the distribution of scores from both elements of the PBA
assessment tool were analysed for normality and shown to be non-
gaussian in distribution therefore Spearman’s Rank correlation co-efficient

was utilise to calculate the reliability of both elements of the PBA
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assessment tool and Cronbachs Alpha was determined to give an estimate

of hypothesis free reliability.
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Table 10 Original data from all paired PBA assessments from Experiment 1 and
Experiment 2

Participant Training | Adjusted GTSC Adjusted GTSC
level

Novice 1 ST2

Novice 2 ST2

Novice 2 ST2

Novice 2 ST2

Novice 3 ST2

Novice 3 ST2

Novice 4 ST1

Novice 4 ST1

Novice 5 Vascular
Nurse

Novice 6 Vascular
Nurse

Novice 6 Vascular
Nurse

Novice 7 ST1

Novice 7

SH1

SFJ2

AAA 1

Each paired assessment has been generated by utilising all assessments performed for
each trainee. Where there have been more than two assessors for each single procedure
as is the case with Novice 2, all three assessments have been compared to one another
to estimate reliability.
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3.3 Inter-rater reliability

3.3.1 Inter-rater reliability of the Procedure based
assessment global and task specific checklist (GTSC) for

simulated vascular procedures

The Spearman’s rank correlation co-efficient for the GTSC element of the
PBA tool was r= 0.665 (p= 0.005), indicating a moderate and statistically
significant level of reliability. Cronbach’s alpha was determined to be 0.818
suggested a high level of inter-rater reliability between the two assessors
with minimal elements of variance. The data is graphically illustrated

below.

Figure 29 Scatter graph illustrating the distribution of PBA GTSC scores and Spearman’s
correlation co-efficient between 1% and 2™ raters

10000 r=0.655, p=0.005 Cronbach's Alpha=0.818 @ @
9000+
8000
7000
6000

500077

400077

Adjusted GTSC score for PBA from 2nd
rater

.3000 I T T I T I T
3000 4000 5000 000 7000 8000 8000

Adjusted GTSC score for PBA from 1st rater

136



3.3.2 Inter-rater reliability of the Procedure Based
Assessment Global Summary Score (GSS) simulated vascular

procedures

The Spearman’s rank correlation co-efficient for the GSS element of PBA
tool was high and reached statistical significance r= 0.843 p> 0.001.
Cronbachs alpha coefficient was estimated at 0.889 confirming a high level
of inter —rater reliability between the two assessors. The data is graphically

illustrated below.

Figure 30 Scatter graph illustrating the distribution of PBA GSS and correlation co-
efficient between 1% and 2" raters
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3.4 Responsiveness of Procedure Based Assessment in

simulated vascular procedures

Only 6 out of the 7 novice trainees recruited completed the entire study
protocol which consisted of 10 simulated runs on the ANGIOMentor
endovascular simulator. The participant who failed to complete the second
simulator session and second assessment (novice 2) was excluded from the
responsiveness analysis. The distribution of assessments and raw scores
are illustrated in table 11 (p 139). Each primary assessment was compared
to each secondary assessment where applicable to give 22 pair wise
comparisons. The data is illustrated in table 12 (p 140) and graphically
illustrated in figures 31-32 (p 141). The main finding was that the adjusted
global and task specific checklist was not a responsive element of the PBA
tool (p=0.104), However the PBA global summary score was responsive to

increasing experience (p <.001).
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Table 11 Primary data from experiment 2 illustrating individual participant performance between the 5" and 10" simulator run on the ANGIOMentor simulator

Participant | 1% Assessed run (5™ simulator run)
designation
1% rater 2" rater

3 rater

2" Assessed run (10" simulator run)

1% rater

2" rater

Adjusted Adjusted
GTSC GTSC

Novice 1 ) No rater available

Novice 2 . 0.53

Novice 3 ) 0.64

Novice 4 . 0.5

Novice 5 ) No rater available

Noviceb ) 0.64 1

Novice 7 . 0.64 2

Adjusted
GTSC

Adjusted
GTSC

0.85

Adjusted
GTSC

Number of
days
between
assessments

(median 94
days (IQR 40-
112 days)

Study drop

0.82

0.53

0.39

0.42




Table 12 all matched pairs of PBA on the ANGIOMentor (1st and 2nd assessed runs)

Participant

Adjusted
GTSC

Adjusted GTSC

Adjusted GTSC

Novice 1

0.64

0.64

Novice 3

0.46

0.46

0.64

0.64

Novice 4

0.57

0.57

0.50

0.50

Novice 5

0.67

0.67

Novice 6

0.64

0.64

0.64

0.64

P=0.046*

Novice7

0.61

0.61

0.64

0.64

0.75

0.46

0.71

0.46

0.75

Cohort
medians

0.64 (IQR
0.50-0.64)

0.71 (IQR-0.46-
0.82)
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3.4.1 Responsiveness - Cohort data

Figure 31 Box and whisker graph illustrating the cohort scores for the PBA GTSC between
the 5" and 10" run on the ANGIOMentor simulator

1 0000 Wilcoxon Rank Sum p =0.104

8000

000

GTSC scores

4000+

2000

Adjusted Procedure Based Assessment

0ono I I
3 10

ANGIOMentor Simulator Run Number

Figure 32 Box and whisker graph illustrating the cohort score for the PBA GSS between
the 5" and 10" run on the ANGIOMentor simulator

Wilcoxon Rank Sum p <0.001
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3.5 Experiment 3- Intra-rater reliability of PBA

3.5.1 Participant recruitment and base line data

Eleven individual raters were recruited to perform 2 individual assessments
6 weeks apart on the video which demonstrated a consultant performing a
simulated sapheno-femoral junction dissection and ligation.  Five
consultants, 2 CT2, 2 ST4, one ST6 and 1 theatre nurse completed the first
assessment. Seven individuals completed the second assessment with the
target range of 6 weeks. Three further individuals completed the second
assessment with 8 weeks of the first assessment (2 consultants and 1
trainee) and 1 CT2 failed to complete the second assessed video analysis.
The data for all the individual assessment is demonstrated in table 13 (p
143). Only the 10 individuals who completed both assessments are

included in the intra-rater reliability analysis.

3.5.2 Results for Intra Rater Reliability

The correlations for all 10 paired assessments are also described in table x.
They indicate that the correlation between the 1 and second assessment
is moderate only for the GTSC and the GSS and has not reached statistical
significance. This is also demonstrated by Cronbach’s Alpha reliability co-
efficients which are moderate at best. The relationships for the PBA GTSC
and PBA GSS between the 1% and 2™ assessments are graphically

illustrated below (figures 33-34 page 144).
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Table 13 Primary data from experiment 3 illustrating the scores provided by individual
raters between their primary and secondary assessment of the simulated sapheno-
femoral junction ligation.

N=10

Assessor
designation

Primary Assessment

Adjusted
PBA GTSC
score

Secondary
Assessment

Adjusted PBA
GTSC score

Consultant

0.53

0.50

Consultant

0.58

0.33

Consultant

0.52

0.75

Consultant

0.69

0.55

Consultant

0.50

0.44

ST4

0.83

0.80

ST6

0.69

0.67

CT2

0.72

0.67

ST4

0.72

0.78

Theatre
nurse

0.86

0.72

Medians

(IQR)

0.69 (0.53-
0.78)

0.67 (0.485-
0.758)

143

Spearman’s rank
correlation co-
efficient & p
values

PBA GTSC score
r=0.606 p=0.064

Cronbach’s
Alpha=0.752

PBA GSS r=0.504
and p=0.137

Cronbach’s Alpha
=0.690




Figure 33 Scatter graph illustrating Spearman’s correlation between the PBA GTSC scores
between the primary and secondary assessment of the simulated sapheno-femoral

Adjusted Procedure Based Assessment
GTSC score for 2nd Assessment
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junction ligation
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L

40—

A= 1 T

1 T I
a0 &0 7n B0 a0

Adjusted Prodecure Based Assessment GTSC score 1st
assessment

Figure 34 Scatter graph illustration the Spearman’s correlation for the PBA GSS between
the primary and secondary assessment of the simulated sapheno-femoral junction
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3.6 Results Summary

A modified PBA appears to be valid for aortic and sapheno-femoral
junction ligation when compared to a trainees’ actual operative experience
in performing these procedures previously in the workplace. The global
and task specific check list (GTSC) (r= 0.446 p 0.029) and global summary
score (GSS) (r= 0.553 p=0.005) both demonstrated positive and statistically
significant correlations with previous operative experience. However when
compared to either just assisting or observing either sapheno-femoral
junction or proximal aortic anastomosis PBA did not appear to be a valid
measure of previous experience (GTSC r=0.294 p= 0.163 and GSS r= 0.335
and p=0.110).

In contrast, the PBA tool was able to distinguish in part a moderate and
statistically significant correlation with training grade. This was
demonstrated by the GTSC (r= 0.586 p= 0.002) but less convincingly by the
global summary score, whose correlation values with training grade just

missed statistical significance (r= 0.352 p= 0.080).

The generic element of the objective structured assessment of technical
skill (OSATS) demonstrated some interesting findings when compared to a
modified PBA. It did not appear to demonstrate a statistically significant
relationship between previous operative experience, either observation (r=
0.231 p= 0.302) or performance (r= 0.347 p= 0.114), but correlated highly
with training grade (r= 0.634 p= 0.001), outperforming the PBA in

distinguishing between differing levels of trainee.

The checklist and generic element of PBA did not prove to be concurrently
valid with the generic element of the OSATS tool. The Bland-Altman plot of

methods of agreement between the two assessment methods
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demonstrated that the results were statistically different from each other
(p=0.000).

In evaluating inter-rater reliability; PBA was found to possess good to high
statistical correlation between simultaneous raters during simulated
vascular procedures for each distinct method. This was also re-enforced by
a high Cronbach’s reliability co-efficient (GTSC r= 0.655 p= 0.005
Cronbach’s Alpha 0.818 and GSS r=0.843 p< 0.001 Cronbach’s Alpha 0.889)
suggesting minimal elements of variance between raters in this particular
arm of the study; however, estimation of intra-rater reliability in the final
video study did not reach statistical significance. This was despite a
moderate to good correlation co-efficient and a moderate to good
Cronbach’s reliability co-efficient. (GTSC r = 0.606 p= 0.064 Cronbach’s
Alpha 0.752 and GSS r=0.504, p=0.137 Cronbach’s Alpha 0.690)

Finally the PBA tool was demonstrated to be a responsive tool to repeated
exposure and practice in performing SFA angioplasty, but this was only
demonstrated in the global summary element (Wilcoxan- Rank Sum p=
0.001) as opposed to the global and task specific checklist (Wilcoxan-Rank
Sum p =0.104). There was significant variation in individual performance, as
highlighted in table 13 (page 143) and this result and others will be

explored further in the following chapter.
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Chapter 4- Discussion

4.1 Chapter Overview

In this thesis the main aims were to determine if PBA possessed the
psychometric properties of validity, reliability and responsiveness. In
chapter 2 these properties were explored through a sequence of different
experiments utilising vascular simulation. Specifically the main hypotheses

were;

e Is PBA a valid measure of surgical performance as measured by
previous surgical experience? Where previous surgical experience
was determined by number of operations previously performed and

observed and training level in vascular simulated procedures.

e Is PBA a reliable measure of surgical performance as determined by
inter-rater and intra-rater reliability observing simulated vascular

surgical procedures?

e Is PBA a responsive tool in measuring surgical performance as

determined by observation of simulated surgical procedures?

In addition, data from experiments contained in this study allowed
comparison of PBA with the well validated Objective Structured
Assessment of Technical Skills (OSATS); in particular how it compared in
terms of validity in relationship to previous operative experience, training

level and whether PBA possessed concurrent validity with the OSATS tool.

The data from this study also provided evidence that the ANGIOMentor
simulator was construct valid for differing levels of endovascular
experience in novice, intermediate and expert participants performing a

superficial femoral artery angioplasty. As there is little data in literature;
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this study has provided evidence toward the continuing use of

endovascular simulation in vascular training.

In chapter 3 the main findings of these studies were presented which
illustrated that PBA appeared to possess some of these psychometric
properties to a greater and lesser extent in simulated procedures. The
following chapter will now explore each of those psychometric properties
in detail, how these results fit in the context of the present literature in this
area and what the implications of this research may be. Lastly this chapter
will explore potential future directions of research in to PBA and simulation

and whether this would prove to be a potentially useful area of research.

4.2.1 Validity

The definition of validity as discussed in chapter 1 is a broad church but
ultimately can be defined by the statement. “does the test or evaluation
measure what it purports to measure” Cronbach and Meehl (cited in Moss
1992)(53). The essence of construct validity also asked us to consider the
directionality of the hypothesis’ and whether this can be defined

statistically.

In considering PBA as a tool to evaluate and measure surgical performance
we sought to prove whether PBA was construct valid for two obvious
variables which reflect individual surgical performance. These included the
amount of previous exposure to a certain index procedures and an
individual’s total life time surgical exposure as measured by training grade/

year in training.

The main findings from experiment 1 produced very interesting results
which may have implications for the assessment tool and how we train
future surgeons. Firstly the finding that the index specific PBA tool was

sensitive to the number of procedures previously performed, as opposed
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previously observed suggests that the PBA is sensitive to increasing skill
levels and repeated exposure and performance of index procedures. This
was particularly reflected in the global summary score element of the PBA
tool which demonstrates moderate correlation co-efficients and a highly
significant P values for numbers of procedures previously performed
suggesting construct validity for the PBA tool. Contrasted to observation
alone which was found to have low correlations and non-significant p-
values in both elements of the PBA tool. This finding strengthens the
evidence for PBA as a tool that can measure surgical performance (the
essence of construct validity) and reflects the concept of deliberate
practice (Ericcson(32, 184)) being the greatest contributor to developing
expertise in a psychomotor skill domain. While there is little significant
literature on PBA at present, the findings within this study also reflected
those in Beard et al(58) where previous operative exposure was reflected
in the assessment scores in the live operative environment. This result was
also re-enforced in Sarker et al(96) who also demonstrated construct
validity for the checklist element of the PBA form performing simulated
laparoscopic cholecystectomy between two groups of experienced verses
inexperienced operators. Howels et al(97) also indirectly demonstrated
that PBA demonstrated construct validity for PBA during knee arthroscopy
as those trainees who had been allowed simulated practice prior to
performing a knee arthroscopy out performed those that no prior
experience. Thereby demonstrating PBA possessed construct validity for

previous experience.

The study finding also poses the question of how useful is observation only
is in a training context, as this study demonstrated that the total number of
index specific operations observed did not appear to correlate with
performance? Clearly a certain degree of prior observation is required to
performing a procedure, but after that it may only inform a trainee of
those steps required to complete a procedure but does not contribute,
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past a certain point, to the technical skill of that performance. After this
repetition and muscle memory in conjunction with operative judgement
must be built in order to improve technical performance. Where does the
value of observation lie in a training context? Seeing others make mistakes
or observation of different techniques to perform the same procedure
would seem to have inherent educational benefit, but such non-tangible
skills are not always directly measured by the didactic PBA form and fall
into the non-technical skills such as decision making, and perhaps this also
reflects that only the operative domains of the PBA form were used in this
experiment. This strengthens the PBA tool as technical skill assessment, but
perhaps not an assessment that can accurately assess those skills acquired
through observation, such as decision making and situational awareness,

which are often where surgical mistakes occur(185, 186).

The PBA scores were also correlated to training grade and a moderate and
statistically significant relationship was demonstrated for the GTSC of the
PBA. The GSS demonstrated a low correlation value and near statistically
significant relationship for training grade. These results suggest partial
construct validity for the PBA for training grade but are clearly not as
robust as those for previous index specific performance. This may be
because training grade represents a surrogate marker of technical ability
for any given index procedures, i.e. trainees performing better due to their
greater overall experience, although perhaps one might expect in that
instance for the generic GSS to be more sensitive to this premise than the
GTSC. However analysis of the OSATS result, where a purely generic
assessment form was used identifies correlations that were very high and
statistically significant for training grade but not statistically significant for
number of procedures observed or performed, and may reflect the nature
of the differences of the two forms used, one is very index specific and
reflects actual technical skill in a particular procedure, whereas the OSATS
tool used in this experiment is more generic and discriminates better
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between overall generic skills which are accumulated with generic

experience and increasing training grade.

Finally in attempting to describe a thorough assessment validity of the PBA
tool we correlated the PBA assessment scores from experiment 1 with
scores produced by the generic element of the OSATS assessment tool in
the same experiment. This allowed determination of concurrent validity,
another component of construct validity according to DeVon(48). There are
no previous data which directly compares the PBA tool to the OSATS, while
the two tools are marginally different one very index specific, the other
very generic, they are attempting to measure the same construct; surgical
technical ability. The OSATS tool has been well validated in numerous
simulation and bench top studies(101, 102, 107, 113, 115) , However the
Bland-Altman analysis which attempted to measure agreement between
the two methods suggests poor concurrent validity in assessment of
simulated vascular procedures. This finding may reflect the original design
purpose of these two assessment tools. OSATS was originally designed for
bench top procedures, whereas PBA was always designed to be used in the

live workplace environment.

4.2.2 Reliability

Inter-rater reliability

It proved difficult to recruit sufficient individual raters to give inter-rater
reliability data for the entirety of the bench top procedures from
experiment 1 and only 3 of the bench top procedures were dually assessed,
2 sapheno-femoral junction ligations and 1 proximal aortic aneurysm
anastomosis. However experiment 2 provided sufficient assessments by
two or more raters for each assessed procedure to provide meaningful
data which combined with the reliability data from experiment 1 allowed
statistical analysis. Inter-rater reliability of both elements of the PBA tool

proved to be moderate to high by calculation of correlation co-efficients
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and reached statistical significance. The hypothesis free estimation of inter-
rater reliability by Cronbachs alpha was extremely high for both elements
of the PBA tool the GTSC and GSS reaching values of greater than 0.8
suggesting excellent reliability. This was especially so for the GSS element
of the PBA tool. Beard et al(58) give a very thorough explanation for this
effect. Their d-study of reliability of PBA in the workplace allowed
estimation of the causes of variance amongst each element of the PBA tool
and showed that such global scores anchored by explicated descriptors as
found in the PBA GSS reduce variance amongst assessors and increase
sensitivity to trainee ability; (the ideal characteristics of an assessment
tool) a lesser effect is seen in the GTSC. Such global scores have been
proved to be more valid and reliable than checklists in the literature (58,
102, 107).

Sarker et al(96) also assessed inter-rater reliability during live and
simulated laparoscopic cholecystectomy performed by 28 trainees and
found high reliability using the generic skill elements of the checklist part of
the PBA form; with Kappa values of 0.86 for live and 0.84 for simulated
laparoscopic cholecystectomy. However they did not assess the intra-rater
reliability; the property of a tool to be consistent over time, this was also
deliberately excluded from the methodology by beard et al(58) as they
sought to assess trainees on the same index case as close together as
possible to reduce a practice effect. In addition where video analysis was
performed in order to assess trainees in a totally blinded manner,
difficulties were found in editing and determining how much each trainee
contributed to the case, and needed assistance, a concept that will be

revisited again during this discussion.
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Intra- rater reliability

In contrast to the results for inter-rater reliability, intra-rater reliability, the
estimate of reproducibility of the scores from the PBA at two different time
points proved to be less robust. The correlation co-efficients for both
elements were moderate at best and did not approach statistical
significance; hypothesis free estimates of reliability of Cronbachs were
moderate to good, between 0.69 for the GSS and 0.75 for the GTSC.
Interestingly here the GTSC scores were more reliable than the generic
global summary score as seen in the results from the inter-rater
experiment. Why this should have occurred could be due to a number of
reasons; the median and IQR for both first and second assessments were
very similar and it may be that the small numbers of assessments resulted
in the small differences in the first and second scores from each rater to be
given too much weight within the reliability calculations (in effect a type 2

error, the result could be a false negative).

Why the GTSC should be demonstrated to be more reliable than the PBA
GSS in contrast to the literature supporting higher reliability of generic
assessment method may reflect the nature of the procedure being
assessed. The GTSC approached a statistically significant result p= 0.064
and may reflect that the videotaped procedure was a didactic step wise
procedure, more easily reflected by a checklist type of assessment method,
where the rater has minimal data on how much the assistant in helping or
global skills being demonstrated. The video focuses only on the procedure
being performed, there is little shown on instrument selection. There is no
sound available to allow the assessor to determine the trainee’s direction
of the assistant which may make it more difficult to provide a consistent
summary judgement. Interestingly the consultant scores on initial
evaluation appear to show less consistency between the 1% and 2™
assessment. This may reflect the difficulty they found in determining

strictly between the two definitions of “can do with minimal assistance”
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and “can perform the procedure or part under supervision” for the global
summary score reflecting the lower reliability of this element of the PBA
tool in this case. The consultant assessors also show a general trend for
lower marks than the trainees and other raters. Outside those studies
specifically on PBA, some of the literature on surgical assessment that
suggests that trainees are more likely to under or overestimate colleague
performance(36, 187-189) there still appears to be less consistency
between the first and second consultant assessment which in all respects
should be similar as the procedure observed was exactly the same. We still
have little data of the psychometric properties of PBA, especially in
simulated procedures and many small studies which assess test- retest
reliability (or intra-rater reliability) do not describe using use the same
procedure with the same assessors to evaluate the assessment in question
but rather use sequential videotaped performance (190, 191) or a
combination of simulation and live procedures which of course includes an
element of practice effect which would alter the results(191, 192). Such
studies that do exist limit themselves to either construct validity and/ or
inter-rater reliability of an instrument, rather than discovering if the

assessment tool is reproducible over time(68).

Clearly there is considerable variation in the consultant scoring within this
study which suggest in light of this example there is considerable day to-
day variation in how consultant assessors perceive the simulated
performance. While it could be easy to accept small differences between
the GTSC hence the higher reliability co-efficients for these score between
the first and second assessments, the difference between at GSS of 2 and 3
is fairly substantial in translation to whether an individual maybe
competent or not and perhaps that is the limitation of the video and the
nature of simulated assessments. The assessor is perhaps more likely to
treat such global summary scores as a linear measurement rather than the
anchored and explicit statement that they are meant to represent when
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called to make a summary judgement on a real life theatre performance as
they have very few external clues to the operator’s global performance,

without multiple camera angles and audio description(22, 58).

4.2.3 Responsiveness

Experiment 2 was designed to highlight a crucial psychometric property of
any assessment tool used to monitor performance; Responsiveness. Is the
tool sensitive to changing levels of individual performance and practice
over time? The main finding in this study shows that the PBA tool was
sensitive to performance and this is highlighted in the GSS which showed a
significant difference (p= <.001) in the performance on the 5" and 10" runs
on the ANGIOMentor simulator. This was not reflected in the GTSC check

list scores which did not reach statistical significance.

Clearly each of the raters felt the majority of novice trainees had improved
considerably or had retained a stable performance over time as all the
trainees received a GSS level 2 on their second assessed run. Novice 1 and
Novice 4 appeared to have stable performance, while novice 5 appeared to
perform less well on the second run as demonstrated by low GTSC score,

although had been given a better GSS than the first run.

Those novices who showed the greatest improvement between the 5 and
10" run on the simulator (novices 3, 4 and 7) were performed between 84
and 114 days apart. This included some of the longest intervals between
assessments and suggests that either that skills performance can be
preserved within this length of time, or that this may be a way of
identifying individuals who naturally retain psychometric performance
better despite the longer reassessment window thus may be a useful

method of selecting trainees who are more suited to endovascular work.

However there appears to no preset defined interval for skills retention,

Ericsson suggests that 6 months is the maximum amount of time before
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skill degrades appreciably(32), however intervals from 4 months to one
year have been studied for both laparoscopic(193) and basic surgical
skill(194) and have demonstrated either no or very little degradation of skill
via objective assessment. Indeed, when this is also been objectively
assessed on intensive simulated skill courses, such as those now being
integrated into Canadian training; after six months, high retention rates
were demonstrated(137). All our novices completed the final assessments

well within this time period.

There have been no studies on the ANGIOMentor or PBA that have looked
at whether it is a responsive tool for individual trainees. The ANGIOMentor
has been proved to be construct valid in a some studies where increasing
experience has be associated with increased scores(195, 196), but these
studies have used single assessments of trainees or students at different
stages of training and while encouraging is not strictly a surrogate
assessment of responsiveness. Certainly this study shows that there are
elements of the PBA form that are responsive to a practice effect, a
desirable characteristic in an assessment tool. Once again, like many
educational and indeed endovascular studies the small numbers of
participants can limit the generalizability of the results and there have
been at least 2 novices been assessed by only one rater, which given the
overall small numbers of assessments could of skewed the data. It proved
extremely difficult to get sufficient raters for each of the assessments and
the difficulty in organising this is reflected in the absence of a second rater
from some of the initial assessments and the length of time taken for some

of the novices to undergo their second assessment.

Studies that evaluate skills retention suggest that distributed practice,
rather than massed practice are more likely to result in greater skills
retention(32, 197), contrary to this particular study design. But the lack of

sufficiently qualified raters did limit the timing of the practice sessions.
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Factors that can also effect skill retention during simulated procedures can
include; trainee motivation, difficulty of the task and complexity of the
procedure. Level of integration within the simulation such as whether it is
physical verses cognitive in nature and need for speed and accuracy can
also affect retention. Skill retention is also affected by whether the task is
natural as opposed to artificial and if the task is well defined as opposed to
one which requires a continuous response (Arthurs et al in Lammers et al)
(198). As some of our novices were research nurses as opposed to surgical
trainees, with a vested interest in learning on the endovascular simulator,
there may have been differing levels of motivation to perform on the
simulator. The step wise protocol created for the novices to use as a guide
was complicated, and some novices may have been able to integrate the
cognitive and physical tasks of the procedure better than others, which
improved their GTSC performance. Whereas others found the individual
steps more difficult to retain, but the familiarity with the simulator and
handling the wires improved their overall performance from baseline as
demonstrated by the improvements in the GSS from the first base line
measurement. The task was well defined with clear objectives but there
were many steps and the complexity to the task did mean that there many

opportunities for trainees to go astray.

4.3 Limitations of this research

With the exception of experiment 3 where the performance on the video
assessment was anonymised all the other experiments were conducted in
an un-blinded manner. This is obviously is a less robust study design but
reflects how the PBA form is presently used in the work place, by trainers
who know their trainee. However as experiment 1 was conducted at the
royal college of surgeons the majority of trainees were unknown to each
other and the designated assessors and met for the first time on the
course. In experiment 2 while some of the trainees were known to the
assessors, more than 50% of the assessments were performed by
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interventional radiologists who had never met the novices before in the
clinical environment so providing a more objective assessment of

performance.

The small number of participants within these studies reflects many
interventional studies and trainee studies where live raters are required to
assess trainees. This reflects the difficulty that many educational
researchers encounter in gathering both raters and trainees who are in
busy clinical practice. However it was important to demonstrate that the
PBA tool could be used in the very population who would normally be
using it in clinical practice, rather than students, who may have been more
readily available. It was also very important to use live raters who can more
readily assess global performance and how trainees actually respond when
being assessed. As Beard et al(58) demonstrated, each element of the
assessment including the rater assessment of the case difficulty, assessor
stringency and assessor designation stringency can contribute to variance.
That any assessment tool possesses these variances is likely inherent and
difficult to remove entirely, but there are few assessment methods than
can pragmatically be used in clinical practice, outside the research
environments and the majority should be used with a rater because trainee
performance is improved considerably with specific relevant expert
feedback(34-36, 184, 199).

Of particular note and highlighted in the graphical illustration of the validity
results in experiment 1 (p119-126) is clear evidence of data clustering in
terms of operative experience which in conjunction with the small
numbers of trainees and could of skewed the statistical analysis. This is in
contrast to training grades as illustrated in the figures 16,17 and 20, which
show an more even distribution of data points. Unfortunately this may be a
reflection of the study design where recruitment was governed by the

attendance at the training course. Inherent in this is the fact that the
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majority of attendees had little or moderate experience in the procedures
analysed here which was why they were attending the course and were

more likely to be junior trainees.

These studies do not add to the evaluation of the PBA as a tool to provide
formative or summative feedback, they have only looked at the
psychometric properties of PBA, which suggest they would be unsuitable
for summative evaluation as only partial reliability has been demonstrated.
They have been confined to a snap shot assessment. Within the utility
formula outlined in the chapter one only validity and reliability have been
explored, acceptability, cost effectiveness and educational impact have not
been included in this study. However that PBA possesses validity in
vascular simulation, particularly for previous operative experience and has
and has been shown to be responsive to practice effect; a surrogate for
educational impact, is encouraging data for its use in evaluating trainee

performance in simulated practice.

4.4 Implications of this research

That the PBA tool has to been found to be statistically valid, possesses
inter-rater reliability and has been found to be in part responsive in
assessing simulated vascular procedures is encouraging, but true validity
should include within the definition the use to which the tool is put. If PBA
can be used to assess simulated procedures there is no evidence as yet to
suggest that this tool should be used in anything but a formative manner to
assess trainees in simulated procedure and perhaps its use as a
benchmarking tool in the ARCP process for workplace assessment is
unjustified beyond that of formative assessment, certainly when it has
been used for simulated assessments. There has been no evidence yet to
suggest that it could be used to certify trainees as competent using

simulation even in the small number of limited studies on PBA, where
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reliability values are at or around 0.8 at best and reliability co-efficients of

> 0.9 are preferred for such high stakes assessment(43).

What this study does highlight is that PBA is a feasible tool in assessing
trainees in a curriculum which has a growing element of simulation. It
seems inherently practical to continue to use a tool which is already in
clinical practise and can potentially seamlessly continue simulation training
into the real world environment. The majority of raters using the PBA form
found it easy to use and trainees and trainers are now becoming more
familiar with its use suggesting that acceptability is less of a problem than it

has been in the past.

Highlighted in this study was also the appearing procedure specific nature
of the PBA tool. It was clearly sensitive to a trainee’s previous operative
performance and exposure to index procedures, far more so that the
generic OSATS tool in these vascular simulation studies. Worryingly over
the past 2 years there have been changes on the ISCP website which have
started comparing an individual’s performance with cohort level
performance in workplace based assessments. This position is not justified
based on the evidence, especially given that PBA is a very index specific
procedure and may not fully represent a trainee’s generic skill level, and so
may reflect unfavourably on a trainee, if they have limited exposure of a

certain speciality or procedure.

4.5 Future directions

This study has been able to demonstrate that PBA is a valid measure of
surgical skill as defined by previous operative experience in a limited
number of simulated operations. To be a truly valid assessment, certainly
in vascular simulation, it should be validated with the entire range of
operations available on the ISCP website, where simulation opportunities
for training are available. This could be achieved in part by simulated
cadaveric operations with a range of trainees of differing abilities, or high
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fidelity mock theatre environments to replicate entire operations such as
large open operations where only low fidelity jigs and resources are
otherwise available. This is potentially an important next step in vascular
curriculum development as integrating simulation at all levels of vascular
training will become more commonplace and a valid and reliable method
of national assessment needs to be agreed upon if simulation is going to be

an accredited part of the new vascular training curriculum.

That intra-rater reliability was not fully demonstrated in this study was
disappointing, although correlation co-efficients and hypothesis free
estimates of reliability were moderate they did not reach statistical
significance. | believe it would be useful to repeat this experiment with a
more sophisticated video analysis of performance, with additional camera
angles and sound to allow the raters to gain a better overall impression of
the individual performance. Alternatively if these resources were not
available the PBA form could be edited to only allow demonstration of
those competencies that could be demonstrated by a single camera angle.
A greater number of raters would also potentially reduce any type 2 errors
and increase the robustness of the data; potentially sending the video to
other experienced raters in additional hospitals would reduce any potential

bias and may result in a more convincingly positive result.

In addition to exploring validity and reliability it would complete the global
assessment of PBA by exploring the additional concepts defined in the
Utility Formula, acceptability, cost effectiveness and educational benefit.
Utilising a randomised study design trainees could be assigned to received
feedback, either using the structured PBA tool and verbal intra-operative
feedback or via verbal feedback alone, then assessed again performing the
same procedure by a rater blinded to the type of feedback. An
endovascular simulator procedure might lend its self well to such a study

design and demonstrate well if PBA adds to the educational benefit of
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expert feedback. Acceptability could also be evaluated at the same time.
This concept is particularly important as many and trainers and trainees
still report finding that completing PBA forms is tedious and add little to
educational encounters. The PBA form received a lot of negative literature
when it initially was introduced in to clinical practice(118, 200) and in
order to complete the entirety of the PBA was time consuming from the
consultant assessor point of view, particularly if they assessed each
checklist competency by direct observation of the trainee(119). In complex
operations this can be in excess of 45 individual competencies, including
consent, pre-operative planning and preparation, exposure and closure,
intra-operative domains, and post operative management. Additionally
there are still many lost opportunities for PBA to be performed in the
workplace(65). It would be useful to assess whether the initial views of
many had changed since the early years of its introduction. Indeed Beard et
al attempted to assess the acceptability of PBA during a recent work
placed based study(58) and found that the both assessors and trainees
reported subjectively moderate to good reports on ability to improve
feedback and improve performance. This unfortunately was not a
comparative or outcome based element of the study which compared PBA
to verbal feedback alone and relied on a structured questionnaire data that
did not include negative statements or free text responses i.e. qualitative

data which may have added a useful component to the acceptability data.

One area in which the acceptability and potential educational benefit of
PBA could be improved is in the re-design and expansion of the global
summary score. At present while it provides a good reliability component
to the PBA, it may not track a trainee’s progress well through a surgical
placement i.e. be responsive, and a proposed change to the explicit
descriptors in the global summary score may improve this(201). (Appendix
7)
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Cost effectiveness of PBA may be impossible to prove since improved
educational outcomes may result in many tangible economic benefits, such
as reduced number of complications, decreased hospital stay and reduced
litigation. However there is an appreciable cost associated with
maintaining this assessment system partially funded by the trainees that
use it. Therefore it could equally be argued that the cost of running and
maintaining this method of curricular assessment may not justify the
results, unless these tangible benefits can be demonstrated; an immensely

difficult task.

Where there is high internal consistency between two such components as
a checklist and generic summary score or generic scoring system such is
found in PBA or the OSATS tool, and where such checklist are found to be
less reliable then the generic scoring systems, it may be possible to reduce
itemised checklists to their least parts using a statistical method known as
rotational factor analysis. Where related variables in a such a checklist can
be analysed to examine where true variance in the related variables lie,
often reducing the number of variables to only those that provide
significant variance in the result can result in a less complex, unwieldy and
more easily filled in form or questionnaire, which may be a desirable
characteristic, when ease of use and acceptability are being analysed. This
potentially may make it more suitable for simulation assessment, but could
reduce the educational impact by reducing the potential opportunities for
feedback.

Ultimately if such radical changes to the PBA were made, then the purpose
of PBA must be made explicit. It appears now that specific numbers are a
requirement for progression through a satisfactory Annual Review of
Competency Progression each year for all surgical trainees (a summative
approach), and yet its original purpose was to provide trainees with

feedback and assessment of learning (a formative approach). While factor
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analysis can strengthen the validity and reliability and acceptability of PBA,
it could be at a loss of the educational benefit? Therefore perhaps one of
the first steps in further rationalising and streamlining any assessment
system would be to first establish this fact; otherwise the whole ethos
behind the workplace based assessment system and individualised

competency based progression is flawed.

As touched upon earlier, the ISCP website has now started comparing
trainee performance at each training level to the national averages, that it
has contained within its database, a rather worrying trend for a curriculum
that advocates a competency based approach centred around the
individual trainee, and is moving the PBA from away from its formative

beginnings to a summative assessment or credentialing assessment.

If this is to be the case then the data that already exists on PBA should be
used in rationalised manner, rather than a scatter gun approach. Consider
then, that the evidence from studies such as this one, provide evidence
that PBA can be a valid and potentially reliable measure of performance in
simulation training. This can provide feedback in a formative manner to aid
trainee progression and learning. Such studies as Beard et al(58) can
provide data to support a rationalised number of assessments per trainee,
per index procedure in the workplace, in essence providing a robust, valid,

reliable assessment of performance which is evidence based.

Indeed this difficulty in defining the purpose of WBA'’s as tools to enable
feedback verses an assessment tool which provides evidence of progress
has been recognised by many groups and the GMC. Discussion has taken
place regarding the introduction of an assessment process known as a
Supervised Learning Events (SLE’s), designed to give formative feedback
only. This would be contrasted with an Assessment of Performance (AoPs)
which would provide summative evidence of progress. Quite rightly this

proposal has highlighted that once a trainee has achieved a certain
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standard, as bench marked against the curriculum, only a minimal number
of AoP should need to be performed to inform progression. This recognises
that good evidence now exists for rationalising the numbers of WBA

especially PBA in the work place(202).

Informed by ideas from this work and others | would propose that a DOPS
as they presently exist be discarded as there is not useful evidence for their
continued use and introduce a generic formative assessment tool which
could be used throughout the continuum of surgical training, simulation
and theatre based, from CT1 to CT8 (appendix 7). This is an amalgamation
from the generic elements of an OSATS tool and the GSS from PBA as
informed by the proposed changes to the PBA GSS to make it more

representative of real world practice.

The generic section of the OSATS tool in this study was the most valid
measure of training grade and marker of generic skill, whereas the
modified PBA proved to be more valid for index specific performance
especially the checklist within the context of this study. The PBA GSS was
found to possess high inter-rater reliability within the context of this study
and also was the most reliable component of the PBA tool in the study by
Beard et al(58) therefore the obvious implication of this is to use the OSATS
to formatively assess generic skill, a SLE (Supervised Learning Event), with
the PBA GSS to provide a reliability element. Whereas the checklist
elements combined with the proposed changes to the PBA GSS could then
be used to provide a summative assessment or AoP (Assessment of
Performance) for skill for all index procedures from ST5 onwards when
trainees enter surgical sub- speciality training. Each index procedure, for
each speciality, for each training level is already defined on the ISCP
website and so trainees are then informed what they need to achieve for

each level of training, with the minimum amount of paperwork.
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The benefits of using the generic OSTATS tool for formative assessment
allow both the trainee and trainer to demonstrate tangible improvements
in the trainee’s performance which is translated to a liner numerical
measurement which can plot their progress during placements and on a
yearly basis while still being able to provide specific feedback for generic

skills improvement.

4.6 Dissemination of work

The work undertaken as been presented in part in poster format at the
Vascular Society of Great Britain and Northern Ireland meeting in
Edinburgh and the Association of surgeons in Training meeting in Cardiff.
Elements have also been presented orally at the Annual meeting of Faculty
of Surgical Trainers, Birmingham 2012. There are presently two papers
based on this work awaiting approval for publication and it is hoped that
that Joint Committee on Surgical Training (JCST) Assessment Group who
are presently considering how simulation will fit in to the surgical
curriculum will find the evidence in this thesis a useful contribution to their
work. The JCST strategic aims 2013-2018 include a commitment to a”
curriculum which moves with new developments and has an active role in
educational research and developing an effective assessment
system”(203).

4.7 Conclusion

The experiments performed in this study have demonstrated that modified
PBA is a valid instrument with which to measure surgical performance in
vascular simulated procedures as it appears to be sensitive to previous
primary operative experience. It has not been demonstrated to have

concurrent validity with the “gold standard” measure of bench top and
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simulated surgical performance, the Objective Structured Assessment of
Surgical skill; reflecting perhaps, the differing origin of purpose of PBA and
OSATS. However it has been shown to be a responsive instrument in
endovascular simulation assessment. This suggests its use in simulated

vascular assessment can be justified.

However, only partial reliability has been demonstrated in these studies.
While possessing high inter-rater reliability, intra-rater reliability was
moderate only and did not reach statistical significance. This implies that
PBA should only be used for formative skills assessment in simulated
vascular procedures and further work on reliability should be undertaken if
PBA was to be considered for summative simulation assessment in the

future.

While PBA has both its advocates and detractors it clearly has a role in
formative assessment in simulation and in the workplace and this study has
added to the presently small volume of literature on PBA. As the evidence
base for the PBA tool increases in a wider number of procedures hopefully
it can be utilised to rationalise, simplify and streamline the assessment tool

and process for trainers and trainees alike.
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Appendix 1-1CEPS

henofem | Junction Li ion

Imperial
Colfege Candidate no:
Evaluation of ASSESS0r:
Procedure-specific Date:
Skill
Please circle the candidate’s performance on the following scale:
1 2 3 4 5
Incision 1 2 3 4 5
Choers N0E L Appropriate incision Uges surfac
surface landmarks, in térms of location lancimarks to make
Inappropriate and sire. Looked at an appropriatety
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incision, Poor incsion, Hardled
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Dissection 1 2 3 4 5
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he=sitant whilst correct anatomical dissecton into the
dseecting. Caussd pang. Caused correct anatamecal
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Déd not dissect inta tissues, Ussd handling of
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anatamical plane, satisfactarity while dissecting
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retractors, Did mot retraction allowing retraciptrs, Aloreed
allow visualization of wisualization of good wisualization of
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structures maeking Had to change structures,
frequent changes o retractor position to Atraumatic
retracior seting visualipa cther
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Tributaries 1 2 3 4 5
Could not or dd ret Ideritified 8 known [dertifiesd &1 known
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tributaries,
Haemostasis 1 2 3 4 5
Poor gualéy of knot Competent krot Superior knok byirg.
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Appendix 2- DOPS

Flease use bladd irk and CAPITAL LETTERS. Fleas e complete the questiors wsing a tick E

Traines FPzsaszor
Narne: Nz rne:
GMCH GO CAME murnbeer : GMC/GDCAME rumber:
Specidty: Position:
Hospita Organi sgion: Institution= e-msil @
Training lewel: Training: Nae[] wirtten ] WebTDO wakshop
MNarme of procedure:
Difficdty of procedure:  Easier than usual [ FAuerage difficu by [ dare difficult than usual[d
Performedins simuaed s=tting [ Nurmber of ti mes procedure prevously perforned:

Ratethe domains usingthe folowing scale: N = Mot observed ornot appropriate, O = Development required,
5 = Satisfactony standard for completion of CCST(no prompting or intervantion required)

Dormain Fating Commerts
MiOSS

. Desgribes indications, anatomy, procedure and com plications to asessor

. Obtains consent, after explaining procedure and possible complications to patient
. Prepares for procedure according to an agreed protocol

. Administers effective analgesia or = afe sedation (if no anaestheti=t)

. Demorstrates good asepsis and safe use of iefument and sharps

. Performs the technical aspect in line with the quidan sz notes

. Dreaks with ary unexpected ewvent or sedis help whe n appropri ate

. Completes required documentati on (uritten or dictated)

. Communicates clearbywith patient & staff throughout the procedure

. Demorstrates professional behaviour throughout the proce dure

(=l el Bu) M R | Y ESuY NN Y

=
[

FEEDOEALCHK: Werbal feedback i= 8 mandatony componert of this assessment. Please use this space to record are as
of ztrength and sugqestions for develo pmentwhich were highlighted during dis cossion with the fraines:

GLOBAL SUMMARY
HMter summarising the dscussion withthetranes inthe box sbowe, please complete the lewe 2
whichtheprocedure was perf ormed on this occasion

Tick

LewelO | Insufficient evidence obsenved to support 3 summany judgement

Lewal1 | Unable to perform the procedure under sup envision

Lewal2 | Able to pefformthe procedure under supernvision

Lewalz | Able to perfformthe procedore with minimum supervision (needad occasional help)

Leveld Competent to perform the procedure ureup envis &d (and could deal with ary complications that

aros )
Time takenfor ch=erwaion (mins): | Timetaken for feedback (mins:
= (=N | Trarnee's signadure: | FAeszessor's signaure:
Trai isBction with CbD Not13 2 2 3 4 E] f 7 a Eiﬁhw 0
ranes s2isBotion wi
Fezeszor satisfaction with ChO 1H EH SH 4H SH BH ?H EH a 0
Updated 112
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Appendix 3-An example of the original OSATS tool and
generic OSATS

Example taken from Martin J. A. et al Objective Structured Assessment of Surgical
Skill (OSATS) for surgical residents(101)

OBJECTIVE STRUCTURED ASSESSMENT OF TECHNICAL SKILL 27

RESIOENT STATION 4
STICKER
CONTROL OF HAEMORRHAGE

INSTRUCTIONS TO CANDIDATES

You have just identified a stab wound o the inferior vena cava. Control the haemorrhage and repair

the vessel.
Start Time:
CHECKLIST
Not Done/
ITEM Done Done
Iscorréctlty Comrolly
CONTROI. OF HEMORRHAGE
1. Applies pressure to stop bleeding sl 1
2, Asks assistant W suction fizld 0 1
3. Inspects injury by carefully releasing the TWC 0 1
4. Ensures all equipment needed for repair is at hand before siarting 0 1
5. Cootrol of blecding point (use deBakey forceps /Satinsky clamp or 0 1
proefdisEl pregaure)
REPAIR
f.  Select appropriste suture (4.0/5.0°6.0 polypropylene) 4] 1
7. Select appropriate needle driver (vascular) 0 1
8. Select appropriate forceps (de Bakey) 0 1
9. Neodle loaded 1/2-2/3 from tp 3% of tme 0 1

11 of a task-specific checklist used in the Objeetive Structured Assessment of Technical Skill. TWC, inferior vena cava
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FPlease rate the candidate’s performance on the following scale:

1

e Frequently used unfecessary farce Careful handling of tissue but Congistently handled tismses
on tizsie of caused damage by icmnlly caused inadvertent appropriately with minimal damage.
inappropriaic usc of instruments. damage.
1 1 3 E-]
Time and motion Many unnccessary moves, EfMicient timemotion bul some Eotmomy of movement and
1 F ] 3 L]
Instrument basdliag Repentedly makes tentative or Competent use of instruments Fluid moves with instrumesits and
wwkwand moves with instraments. although occasionally appeared stiff no awiowardness,
or awloward,
1 2 3 5
Knowledge of lnstraments | pooeity aaked for the wrong Knew the names of most Obviously familiar with the
instrment or used an inapgroprinte mstrumenty and used instruments required and their
1 2 3 ]
Use of malsinmty Consistently placed astistants Good use of assistants most of the Strategically used sssistant (o the
poorly or failed to use assistants. time. best advantage a2 all times.
1 1 3 5
;"*‘:“"“‘“'““‘ Froquently siopped operating or Demonstruted sbility for forward Obviously planned course of
rward plesaieg needed to discuss next mave. plarming with steady progression of operation with efforiless fow from
opertive procedure. ome move to the next.
1 1 3 3
Knowlcdge of specific Dieficient knowledge. Needsd Knew all important aspects of the Demonstrated familiariry with all
procedure specific instruction at most operation, nspecis of the operation.
operative sleps.
Owverall, on this task, should this candidate: OPass O Fail ?

Fig. 2 Detailed global S-point rating scale and pass/failure score for Objective Structured Assessment of Technical Skill
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Generic OSATS used to assess concurrent validity

Respect for Tissues ‘ ‘ ‘ ‘ Score

1 2
Handles tissue poorly
causing frequent
damage
Efficiency of Motion
1 2
Inefficient movements

and many unnecessary
moves

1 2
Repeatedly makes
tentative or awkward
moves with instrument

Use of assistants
1 2
Consistently placed

assistants poorly or
failed to use assistants

Knowledge of

instruments

3 4 5

Handles tissue carefully with
occasional damage

Handles tissue well with
minimal damage

3 4 5

Efficient movements with
some unnecessary moves

Highly efficient movement
with very few unnecessary
moves

Instrument Handling ‘ ‘ ‘ ‘

3 4 5

Competent use of instruments
although occasionally
appeared stiff or awkward

Fluid moves with
instruments and no
awkwardness

3 4 5

Good use of assistants most
of the time

Strategically used
assistant to the best
advantage at all times

Frequently asked for
the wrong instrument or
used inappropriate
instrument

Knowledge of specific
procedure

Deficient knowledge,
needed specific
instruction at most
operative steps

‘ Flow of operation
1 2

frequent pauses in
operation with
uncertainty about next
step

3

Knew the name of most of the
instruments and used
appropriate instrument for task

3

Knew all important aspects of
the operation

3

some pauses in operation with
little uncertainty about next
step

Obviously familiar with the
instruments required and
their names

Demonstrated familiarity
with all aspect of the
operation

well planned operation
with minimal uncertainty
about next step
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Appendix 4- PBA

Vascular Surgery P2A: Infre-Inguinal Bypass
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Level 1 | Unable to perform the procedure, or part cbserved, under supervision

Level 2 | Able to perform the procedure, or part observed, under supervision |
Level 3 | Able to perform the procedure with minimum supervision (needed occasicnal help)
Level 4 | Competent to perform the procedure unsupervised (could deal with complications that arose)

Comments by Assessor (including strengths and areas for development):

Comments by Trainee:

Trainee Signature: Assessor Signature:

[ INo
Assessor training? % }mg‘?gn

[ 1Workshop
Time taken for feedback mins

MNat at all Highly

Trainee satisfaction with PBA
Assessor satisfaction with PBA

12 3 4 65 6 7 8 9 10
1 2 3 4 5 6 7 8 8 10
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Appendix 5 - Modified PBA for Sapheno-femoral junction
ligation, proximal aortic anastomosis and superficial femoral
artery angioplasty

Vascular Surgery PBA:

Aortic Aneurysm- proximal anastomosis

Grade of Trainee:

Grade of Assessor:

Number of times procedure seen or performed before Seen Done

Rating N= Not observed, D= Development required, S= Satisfactory Standard for CCT

Demonstrates knowledge of optimum skin incision (position and length)

Achieves an adequate exposure of aortic neck and left renal vein (without delay if
ruptured)

Completes a sound abdominal wound repair

Follows an agreed, logical sequence or protocol for the procedure

Consistently handles tissue well with minimal damage

Demonstrates a sound technique of knots and sutures/staples

Uses instruments appropriately and safely

Proceeds at appropriate pace with economy of movement

Anticipates and responds appropriately to variation e.g. left renal vein

Deals calmly and effectively with unexpected events / complications

Uses assistant(s) to the best advantage at all times

Selects appropriate level to clamp aorta

Exposes iliac arteries and identifies appropriate level for clamping

Clamps iliac arteries without damaging adjacent structures (veins and ureters)

Clamps aortic neck without damaging adjacent structures (veins and

duodenum)

Opens aortic sac, removes thrombus and controls lumbar back-bleeding without delay
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Prepares neck of aneurysm to receive graft (e.g. T cut) and displays with retractor

Selects appropriate graft (size and configuration)

Selects appropriate suture and needle holder

Shortens body of graft if using a bifurcation graft

Sutures graft into aorta using appropriately placed sutures without tearing aorta

Avoids distortion of aorta at “corners

Ensures that assistant maintains tension during suturing

Completes suture line with maintained tension and adequate knot (>6 throws)

Tests anastomosis, identifies and corrects any defects

Prepares aortic bifurcation or iliac arteries to receive graft

Cuts graft to correct length to ensure no redundancy

Selects appropriate suture and needle holder

Ensures that assistant maintains tension during suturing

Completes suture line with maintained tension and adequate knot (>6 throws)

Tests anastomosis, identifies and corrects any defects

GLOBAL SUMMARY

Level at which completed elements of the PBA were performed on this occasion ( Tick as
appropriate)

Level 0 Insufficient evidence observed to support a summary judgement
Level 1 Unable to perform the procedure, or part observed, under supervision
Level 2 Able to perform the procedure, or part observed, under supervision

Able to perform the procedure with minimum supervision (needed

Level 3 .
occasional help)

Competent to perform the procedure unsupervised (could deal with

Level 4 S
complications that arose)
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Vascular Surgery PBA:

SFJ ligation

Grade of Trainee:

Grade of Assessor:

Number of times procedure seen or Seen Done
performed before BY TRAINEE

Rating N= Not observed, D= Development required, S= Satisfactory Standard for CCT

Demonstrates knowledge of optimum skin incision / portal / access

Achieves an adequate exposure through purposeful dissection in correct tissue
planes and identifies all structures correctly

Completes a sound wound repair where appropriate

Follows an agreed, logical sequence or protocol for the procedure

Consistently handles tissue well with minimal damage

Demonstrates a sound technique of knots and sutures/staples

Uses instruments appropriately and safely

Proceeds at appropriate pace with economy of movement

Anticipates and responds appropriately to variation e.g. anatomy

Deals calmly and effectively with unexpected events/complications

Uses assistant(s) to the best advantage at all times

Positions self-retaining retractor to expose the proximal LSV

Ligates and divides second order tributaries (diathermy permissible for small
tributaries)

Clearly identifies Saphenofemoral junction through cribriform fascia
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Divides long saphenous vein between clips, or ligates, after identification of SFJ

Inspects SFJ to ensure no missed tributaries

Flushes ligation or transfixes SFJ

GLOBAL SUMMARY

Level at which completed elements of the PBA were performed on this
occasion ( Tick as appropriate)

Level 0 | Insufficient evidence observed to support a summary judgement

Level 1 | Unable to perform the procedure, or part observed, under supervision

Level 2 | Able to perform the procedure, or part observed, under supervision

Able to perform the procedure with minimum supervision (needed

Level 3 occasional help)

Competent to perform the procedure unsupervised (could deal with

Level 4 -
eve complications that arose)
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Endovascular PBA: Peripheral artery ancioplastv/stentinge

Trainee; Assgssor; ‘ Dt
Star lmes Eiil timme: D radion:
Complexity of case: (circle one) Standard (TASC A or B) Advaneced (TASC Cor 1)

The Trainee should explain what hefshe intends to do throughout the procedure
The Assessor should provide verbal promps, il required, and intervene il patient safety is at risk.
Rating:N = Not abserved or mot appropriate I = Development requireed 5= Satisfactory
standard for CCT (ne prompting or intervention required)

Ranng
NS

1.1.1 Competenches and Definilions

tems (T)

i | Follows an agreed, logical sequence: or progéncol for ihe procedure |
4 ] )

IT2I%H) | Proveeds o1 appropriaie pece with sconpmy of maovement
| 4 a i

TUMIG) | Astie sty respomdy sppropnaly @ viration & g ahiomy

ITHEH | Denls cadml y aml effoctively with snespocted eventsSoomplicatipns

| - |
ITSHG | Ulses: assstand(=] io the best advantage of al| times i
ITeiG) | Commsicstes cleardy ane consdsently with neses and radsgraphers |
it Ensishes adivipaate radsatiom prodeetion (inelaling minsmizing duration and dosc of rclstion |
[LE |
b | b appiopiiale posibion dind sonine)
ITHT | lmserte puadownre s UF AL mirodices dibslor and sheah, and remeves dilaior
ITIIET) | ddmimisters TV Hepann of sppropriats domss
\
ITIAT) | Advances puldewire seross the beskon undsr usroscople gukdince
ITINT | Chaek mmgho to ensare imnal position and confirm caen! el posstion of disoess
Frimary angisplasty
ITI4T) | Imarisdiscss mnd acdvanees aagsoplay hallesn of appropriaie Benglh and dissneter wo dieasad
seciion
ITISNT) | Indiabes sng deflates balloan appropriaiely, and | Lhdesw 5 balloon sfter ssl islgctoey onlLetie [
ITI&T) | Check amgio to confien adequate spperrence and fow, and Socument run-all |
Lavel at which completed elements of the PEA Tick as |
were performed on this eccasion approprate
Lew .
40 ‘ Insulficient ewidenoe ohsorved o support o semmary judgement
[ Lew |
_Ic;' | Unable w perforrn the procedure, or pant obsevel, osder sapervisen
L
1I T
Lew
S | Akl e perferm Lhe procedare, of part ebserved, undar superyisiom
Le
I‘I ; Able v perfsrm the prooediars with mrismilig Sipesaeon (eeeded socatsonal help)
1 b 1
Levw | ; .
Competen i perfomm the procedere unsepervissd (and coubkd deall wish mny complicmions that irass)
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Appendix 6- Modified Generic OSATS

Wire Handling ‘ Score
1 2 3 4 5

Awkward, tentative, inappropriate occasionally stiff or awkward, fluid use of the wire, no
use, unaware of wire position, or unaware of wire position, awkwardness, aware of wire position,
rarely maintains wire stability wire usually stable wire always stable
Knowledge of wires and catheters ‘
1 2 3 4 5
Frequently asked for the wrong New the names of the wire or Obviously familiar with wires or
wire or catheter or used catheter and used catheters and their names, and used
inappropriate instrument appropriate instrument for the right instrument for the taks
task
‘ Wire/ catheter technique ‘
1 2 3 4 5
imprecise technique, frequent precise technique; occasional perfect precise technique
overshooting overshooting
Knowledge of specific procedure ‘
1 2 3 4 5
Deficient knowledge, needed Knew all important aspects of Demonstrated familiarity with all
specific instruction at most the procedure aspect of the procedure
procedural steps

Awareness of fluoroscopy and
contrast use

Excessive use of fluoro and appropriate use, some clear economy of fluro and contrast;
contrast unnecessary use maximum efficiency
Efficiency of Motion ‘
1 2 3 4 5
Inefficient movements and many Efficient movements with Highly efficient movement with very
unnecessary moves some unnecessary moves few unnecessary moves, clear

economy of motion

Flow of procedure
1 2 3 4 5

frequent pauses in procedure with some pauses in procedure well planned procedure with minimal
uncertainty about next step with little uncertainty about uncertainty about next step
next step
Need for Verbal Prompts ‘
1 3 5
Repeatedly needed prompts Needed prompts sometimes Able to complete the case without
prompts
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Appendix 7 Formative Supervised Surgical Assessment

Procedure: Sapheno-femoral junction ligation

Respect for Tissues

Handles tissue
poorly causing
frequent damage

Efficiency of Motion

Inefficient
movements and
many unnecessary
moves

Instrument Handling

Repeatedly makes
tentative or
awkward moves
with instrument

Use of assistants

Consistently placed
assistants poorly or
failed to use
assistants

Frequently asked
for the wrong
instrument or used
inappropriate
instrument

Knowledge of specific

Deficient
knowledge, needed
specific instruction
at most operative
steps

Flow of operation

frequent pauses in
operation with
uncertainty about
next step

Knowledge of instruments

Handles tissue
carefully with
occasional damage

Efficient movements
with some
unnecessary moves

Competent use of
instruments
although
occasionally
appeared stiff or
awkward

Good use of
assistants most of
the time

proce

Knew the name of
most of the
instruments and
used appropriate
instrument for task

dure
Knew all important

aspects of the
operation

some pauses in
operation with little
uncertainty about
next step

Handles tissue well
with minimal damage

Highly efficient
movement with very
few unnecessary
moves

Fluid moves with
instruments and no
awkwardness

Strategically used
assistant to the
best advantage at
all times

Obviously familiar
with the
instruments
required and their
names

Demonstrated
familiarity with all
aspect of the
operation

well planned
operation with
minimal uncertainty
about next step

Total Score
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Comments / Score out of 5

4- gentle use on tissue with
minor exceptions.

3- not yet as efficient as
possible but will come with
further practice

4- holds and uses the
instruments well

2- the trainer did most of the
assisting without input from the
trainee

4- clearly familiar with the
instruments for this operation

5-familiar with all the steps

3- some pauses as unfamiliar as
primary operator at the moment.
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Level at which the completed supervised learning episode was

performed on this occasion

Tick as appropriate

Level 1a | Able to assist with guidance (was not familiar with all steps of
procedure)

Level 1b | Able to assist without guidance (knew all the steps of procedure and
anticipated next move)

Level 2a | Guidance required for most/all of the procedure (or part performed)

Level 2b | Guidance or intervention required for key steps only

Level 3a | Procedure performed with minimal guidance or intervention (needed \/
occasional help)

Level 3b | Procedure performed without guidance or intervention but hesitant

Level 4a | Procedure performed to a high standard without any guidance or
intervention

Level 4b | As 4aand was able to anticipate, avoid and /or deal with common

problems or complications

Degree of difficulty: easy/standard/difficult Simulated: yes/no

Feedback after discussion with trainee:

Operative Feedback

The trainee performed well on this occasion, and knew all the steps of the
procedure. Needs to focus on directing their assistant to best advantage in
this operation. Good instrument handling and knot tying laying the knots
square and in the proper manner.

For next time try to be more assertive with your assistant in direction to best
aid your exposure. More practice will increase your efficiency of motion.

Trainee Reflection (e.g. The trainee should consider if their performance had improved since the

last assessment for this operation and addressed any elements highlighted in previous assessments)
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Glossary of terms and definitions

ADEPT- Advance Dundee Endoscopic Psychomotor Trainer

Anastomosis- surgical term used to describe the artificial, often hand sewn
join between two blood vessels, pieces of bowel, or organic and synthetic
material.

Angiogram- an endovascular procedure where radio-opaque dye is
injected into arteries or vein and an x-ray machine used to take a detailed
image of the dye and hence the blood vessels

ANGIOMentor- A high fidelity electronic simulator which re-creates and
replicates endovascular procedures authentically with haptic feedback

Angioplasty- an endovascular procedure to internally stretch arteries from
the inside usually with a balloon

ANOVA- statistical test used to compare two or more groups of means in a
parametric population of data.

ARCP- Annual review of competency progression: yearly structured
interview process

AoP- Assessment of performance. A formative assessment of surgical skill
which can inform the progression for a surgical trainee

Basic surgical trainee- surgical trainee with a minimum of 1 year post
registration qualification and typically assigned a training grade of CT1/CT2
or ST1/ST2

Bench Models- small, synthetic, low fidelity models used in surgical skill
labs which are designed to replicate part of an operations

Box trainer- often used in basic laparoscopic surgical skills to allow trainee
to practice moving small items such as sugar cubes and needles and
sutures around to develop the spacial awareness required before being
allowed to practice such skills in the abdominal or thoracic cavities of real
patients

Cadaveric- teaching material that is taken from donated cadavers, it may
include part of, or all of a body.
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Carotid endarterectomy- surgical procedure where the carotid artery in
the neck is opened, hollowed out and a synthetic patch sewn over the
opening to widen the artery and remove fatty deposits that can cause
strokes.

CAS- Carotid artery stenting, a procedure to line the main carotid artery in
the neck with a stent to hold a narrowed, diseased artery open and to
prevent stroke.

Catheter- In endovascular surgery, a catheter is a long tube with a variously
shaped end that can be used to deliver guide wires into blood vessels or
inject dye

CBD- Case Based Discussion: Work placed based assessment which can be
utilised to discuss and provide a record of and for learning of different
clinical cases

CCT- certificate of completion of training: Qualification issued by the royal
colleges after written and verbal examination after completion of speciality
training

CEX or Mini CEX- Clinical Evaluation Exercise: Work placed based
assessment which is used to discuss and provide a record of and for
learning of a clinical encounter, typically history taking or examination skills

Contrast- the radio opaque dye used to inject or swallow in x-ray studies
which is used to highlight anatomy for diagnostic purposes

COPMED- Conference of Postgraduate Medical Deans

Coronary- pertaining to the heart e.g. coronary arteries, the arteries
surrounding the heart

Cronbachs alpha- a hypothesis free estimation of reliability, utilising
classical theory, which generates reliability co-efficient between 0-1

DOPS- Direct observation of procedural skill: Work placed based
assessment used to record and discuss progress in a minor procedural skill
or part of an operation

D-study- A statistical method used to determine reliability, it aims to
analyse and quantify all sources of variance which may affect reliability of
an instrument within a study so that the result may be generalised. Like
many forms of reliability it generates a reliability co-efficient between 0-1
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Endoscopic- Term typically used to describe any procedure that involves a
camera or video image used to investigate part of the body such as the
stomach, bowel or bladder

Endovascular- used to describe vascular procedures that are achieved
through minimally invasive access to the body via the arteries and the veins

EWTR- European working time regulation

Fluoroscopy- Continuous used x-ray which provides moving x-ray images
for diagnostic and therapeutic purposes.

Generalizable theory (GT)- a statistical framework, which is hypothesis
free, which allows estimation of reliability, where there are multiple
sources of variance typically used to estimate reliability in performance
assessments.

GOALS- Global observational assessment of laparoscopic skills, an
assessment tool for laparoscopic procedures which requires a rater

GSS- Global summary score of PBA: the second part of the PBA form which
is marked from 0-4, each item of which is defined by explicit descriptors

GTSC- Global and task specific checklist of PBA, which is part five of the six
domains found in the first part of the PBA. Within this section each item is
classified as either global or task specific to the procedure.

Haptic feedback- description applied to the tactile feedback given by high
fidelity simulators, designed to mimic the feel of real tissue on the
simulated instruments

High fidelity- a simulation scenario or simulator which aims to re-create a
learning opportunity which is a close to real life as possible

HUESAD- Hiroshima University surgical assessment device- a motion
tracking device

ICEPS- Imperial College Evaluation of Procedural Technical Skills, an index
specific assessment tool for sapheno-femoral junction ligation

lliac artery- one of the paired main arteries that supplies blood to the
pelvis and unilateral leg

Interventional radiologist- Radiologist who utilises imaging media such as
x-rays and ultrasound to perform invasive procedures on patients with

diagnostic or therapeutic intent
198



ISCP- Intercollegiate surgical curriculum programme: the web based
curriculum and surgical log book which all surgical trainees must use to
store their log book experience and record evidence of work-placed based
assessments

KW- Kruskal Wallis test- a non parametric test to determine the difference
between multiple unrelated groups of different sizes

Laparoscopic- Term typically used to describe keyhole surgery in the
abdomen or thoracic cavity which the operator relies on a video camera to
transmit the images of the operation

Logbook- in surgical terms the number and variety of operations
performed by a surgeon through their training career

Low fidelity- a basic simulation scenario or simulator which re-creates a
learning opportunity that mimics real life but does not aim to reproduce
real life

MIST-VR- Minimally invasive surgical trainer- Virtual Reality.

MSF- Multi source feedback: the process of triangulating behavioural
reports from multiple people on a single individual’s behaviour

MWU- Mann Whitney U- a non parametric statistical test which compares
the means of two related samples

New Deal- Legislation which pre-dated the EWTR to restrict doctors
working hours and ensure fairer pay for extra hours worked

OCAP- Orthopaedic Competency Assessment Project

OCHRA- Observational Clinical Human Reliability Assessment, an
assessment method, utilising video analysis and raters to assess
performance

OSATS- Objective Structured Assessment of Technical Skills: an assessment
tool used to objectively assess surgical trainees in simulated and live
surgical procedures

OSCE- objective structured clinical examination: simulated encounters or
demonstration of clinical or surgical skills which are assessed by
experienced assessors across a range of stations to assess medical students
or trainees
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Patch angioplasty- surgical procedure of widening an arterial by sewing a
patch into a blood vessel to widen that area.

PBA- procedure based assessment: the main work placed based
assessment used by surgical trainees to record progress in surgical
psychomotor skills

ProMIS- Trade Name of a Laparoscopic Surgical simulator which contains
validated training programmes

Psychometrics- the discipline of quantifying and measuring human
behavioural performance

Psychomotor- term used to describe the integration of cognitive and
motor skills

Rater- the term assigned to the individual assessor using the assessment
form

Sapheno-femoral junction ligation- the surgical procedure where the
superficial venous system is disconnected from the deep venous system in
the groin, typically performed to treat varicose veins

SF36- Short form 36. A generic quality of life questionnaire

SFA- Superficial femoral artery, one of the paired arteries that supply the
unilateral leg

Spearman Rank Correlation Co-efficient- Non parametric statistical test
which compares correlations between two different but related data sets
based on their rank order rather than statistical means

SLE- Supervised Learning Event. A formative assessment process which
allows the trainee to reflect on their performance and provide feedback for
a future event

Surgical registrar- grade of surgical trainee, typically assigned a training
grade of ST3-ST8 in the UK.

Suturing Jig- typically a small, low fidelity platform which can anchor
synthetic tissue or blood vessels in place which allows trainees to practice
based surgical skills.

Tibial artery- one of the three small arteries that are found in the lower leg
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TrEndo- Tracking Endoscopy- a motion tracking device

Vein patch- a synthetic or small piece of vein used to insert into an artery
to prevent narrowing or deliberately widen an artery

WBA- Work placed based assessments: an electronic or hard copy record
of a trainee interaction with a trainer to provide a record of and for
learning

WSR- Wilcoxon signed Rank Sum test- to determine the mean difference in
two or more related samples in a non parametric population.
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