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Central message

Validity evidence using Messick’s framework wasvied for a newly developed specific
assessment tool (VATSAT) allowing for structured abjective assessment of VATS lobectomy

competence.
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Per spective

In the surgical societies around the world themmisncreasing focus on ensuring continuous
education and credentialing of surgical skills adowg to stringent quality criteria.

This study provides validity evidence for a newlvdloped specific assessment tool for VATS
lobectomy (VATSAT), which may be an important ai@ future training and certification of

thoracic surgeons.
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Central picture

Revised figure 1

Central picturelegend

Box-and-whiskers plot showinglation between the experience level of the thorsgrgeons and
the VATSAT score. Beginners n=10 procedures, n¥gexans (red dots), intermediates n=28
procedures, n= 9 surgeons (green dots), experd preizedures, n=3 surgeons (blue dots). Colored

bar: median VATSAT score.
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Glossary of abbreviations:

ANOVA

GOALS

SD

VATS

VATSAT

Analysis of Variance

Global Operative Assessment of LaparoscBkitts
Standard deviation

Video-Assisted Thoracoscopic Surgery

Video-Assisted Thoracoscopic Surgery Loloacy Assessment Tool
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Abstract:

Background: Competence in VATS lobectomy has previously be¢sbdished based on numbers
of procedures performed but this approach doesmaire competence. Specific assessment tools
like the newly developed VATSAT allow for structdrand objective assessment of competence.

Our aim was to provide validity evidence for VATSAT

Methods: Video recordings of 60 VATS lobectomies performgdlB thoracic surgeons were rated
using the VATSAT. All four centers of thoracic serg in Denmark participated in the study. Two

VATS experts rated the videos. They were blindesutgeon and center.

Results: The total internal consistency reliability, Cradh’s Alpha was 0.93. Inter-rater reliability
between the two raters was Pearson’s r=0.71 (0.0 he mean VATSAT score for the 10
procedures performed by beginners were 22.1 (Sp) ®i6the 28 procedures performed by the
intermediate surgeons 31.2 (SD 4.4) and for thpraBedures performed by experts 35.9 (SD 2.9);
p<0.001. Bonferroni post-hoc tests showed thaedgpvere significantly better than intermediates
(p < 0.008) and beginners (p< 0.001). Intermediaezmn scores were significantly better than
beginners (p< 0.001). The pass/fail standard Gled using the contrasting group’s method was

31 points. One of the beginners passed and tweaegduwes performed by experts failed the test.

Conclusion: Validity evidence was provided for a newly develd@ssessment tool for VATS
lobectomy (VATSAT) in a clinical setting. The digainatory ability between expert surgeons,
intermediate surgeons, and beginners proved hgjbhjificant. VATSAT could be an important aid

in the future training and certification of thorasiurgeons.
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Background

Lung cancer is the most deadly cancer worldwideitisdestimated that 1.7 million people died
from lung cancer in 2015 (1). Surgical resectianas the mainstay in curing localized lung
cancer (2). Traditionally, the approach for surbreaection has been a thoracotomy. Video
Assisted Thoracoscopic Lobectomy was introduceyeziss ago and is now the recommended
approach for early stage lung cancer (3). Themetiebenefits include less postoperative pain,
shorter length of stay, better quality of life (Bitter shoulder function, fewer complications (5),
better tolerance of adjuvant chemotherapy (6),raagbe even improved survival (7). Despite the
obvious advantages of this approach, the adopfitimegorocedure has been slow. Performing a
VATS lobectomy requires a different set of skiltsngpared to thoracotomy, such as overcoming
the fulcrum effect when operating through ports aaadsforming the 2-dimensional images on the
monitor into a 3-dimensional understanding. Theept&l risk of hemorrhage due to injury of the
pulmonary artery requires experience and skillsaiodle in a VATS scenario without causing a
catastrophic intraoperative complication (8). Salpapers have addressed the issue of learning
how to perform a VATS lobectomy (9). Recommendatisa far have been to attend courses in
VATS lobectomy, visit centers with a substantigbesience in VATS lobectomy and then begin in
a step wise manner preferably supervised by anriexped VATS surgeon (mentor) until
competency was achieved (10). Traditionally, corapey has been established based on numbers
of procedures performed and experts in VATS surpeme proposed 50 VATS lobectomies as a
threshold for competency (11, 12). However, procaldexperience does not ensure competence
(13). Specific assessment tools have been devetopatbw for structured and objective
assessment of competence, but it is essentiahtése provide valid measures (14). The aim of this
study was to provide validity evidence for a nedéyveloped VATS lobectomy assessment tool

(VATSAT) (15).



94 Methods

95  Data collection

96 An independent investigator (KG) recorded the vidigom VATS lobectomies performed at all
97  four thoracic centers in Denmark. Only unediteceaisiwere used for assessment and the surgeons
98 did not have access to their videos. The invesirgaas present in the operating theatre throughout
99 the operations to make detailed notes of who pewdrthe single parts of the procedure. The
100 surgeons were divided into three groups accordiribeir previous experience in VATS lobectomy
101  at the beginning of the study. Surgeons havingoperéd between one and 49 VATS lobectomies
102  were grouped as beginners. Surgeons having perfooet®een 50 and 499 VATS lobectomies
103  were labeled intermediates, and finally expertssvgeirgeons having performed 500 VATS
104  lobectomies or more. Two independent thoracic samgevith a solid experience in VATS
105 lobectomy rated the videos using a newly develop&dS Lobectomy Assessment Tool
106  (VATSAT) for technical scoring of VATS lobectomi€s5). VATSAT score was developed using
107  the Delphi method as a structured process for catig and distilling knowledge from a group of
108 international experts in VATS lobectomy (15, 16h€eTeight items in the VATSAT are:
109  1.Localization of tumor and other pathologicaliss2. Dissection of the hilum and veins, 3.
110  Dissection of the arteries, 4. Dissection of thenlshus, 5. Dissection of lymph nodes, 6. Retrieval
111 of lobe in bag, 7. Respect for tissue and strustiBeTechnical skills in general. Each item was
112  rated one to five, where five were the best sagikéng a minimum score of 8 and a maximum
113 score of 40. The two raters were blinded to thgesom and the center where the procedure was

114  performed.

115

116  Validity evidence
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Validity evidence was established based on Messitkimework (17) as recommended by the
Standards of Educational and Psychological TegfiBywith the following five major sources of

evidence:

Content:Content validity for the VATSAT tool was estabkhin a previous study from our
research group (15). The content was thoroughliuated in three rounds by a large group of

internationally recognized VATS lobectomy expersgng the Delphi method (16).

Response proces$he two raters were carefully instructed on howate the videos using the

VATSAT tool. Both raters rated all videos indepemitieaccording to their instructions.

Internal structure:The degree to which the items in the VATSAT fie ttinderlying construct was

reported by internal consistency reliability anterrater reliability.

Relations to other variable&ATSAT s discriminatory ability between beginnergermediates,
and experts was calculated using mean scores a@VANanalysis of variance) with Bonferroni
post hoc tests. The correlation coefficient betwiemumber of VATS lobectomies performed

(expressed in the logarithmic scale) and the VATS&dre was calculated.

Consequencesmpact of the VATSAT scores was assessed usingah&asting group’s method
(a method to identify a cut score based on ovenhgpipequency distributions of two groups) to

calculate the mean pass/fail VATSAT score and erplalse positives and false negatives.

Ethics
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An application was send to the local ethics congrifjournal no H-16041772), but was waived.
According to Danish law, educational studies dormestd approval. Written and oral informed

consent was obtained from all participating surgeon
Statistics

Cronbach’s alpha, Pearson’s r, and ANOVA with gust analysis were calculated using IBM
SPSS statistics version 23 (IBM, New York, USA)v#lue of p<0.05 was considered statistically

significant.

Results

From December 12016 until July $2017, 60 VATS lobectomies performed at the fouraliz
centers in Denmark were video recorded and enroitedthe study. Eighteen thoracic surgeons
performed the 60 procedures. Their personal expegien VATS lobectomy ranged from 9 to 1200
procedures completed at the beginning of datacaie Fifteen of the 18 surgeons were
specialists in Cardio-thoracic Surgery and the iemg@ three surgeons were senior residents in
Cardio-thoracic Surgery. A specialist supervisegacedures (n=8) performed by residents. If the
supervisor had to interfere in the procedure amtbpe part of it, the investigator noted this ahe t
corresponding item received the minimum score @f point. Two VATS lobectomies were
converted to open surgery during the procedurey Weze excluded from the study, since the
raters were unable to use the assessment tool (¥A), Svhich is constructed for VATS specific
issues only. The remaining 58 VATS lobectomies vilecuded in the final data analysis. Patient

characteristics and surgical outcome are listadhie 1.

11
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Internal structureThe total internal consistency reliability, CronbacAlpha was 0.93 with a
value of 0.89 for rater 1 and 0.91 for rater 2etrater reliability between the two raters was

Pearson’s r=0.71 (p< 0.001).

Relation to other variablesthe mean VATSAT score for the 10 procedures peréariny
beginners were 22.1 (SD 8.6; range 8.0-34.0) Her28 procedures performed by the intermediate
surgeons 31.2 (SD 4.4; range 24.0-38.0), and ]2€thprocedures performed by experts 35.9 (SD

2.9; range 29.0-39.5); p<0.001, presented as aoBxn figure 1.

ANOVA with Bonferroni post-hoc tests revealed thetan scores for experts were significantly
better than for intermediates and beginners, 88and p< 0.001, respectively. Intermediates’
mean scores were significantly better than begs(es 0.001). The logarithmic relation between
number of VATS lobectomies performed and the meAR /AT score is shown in figure 2. The

Pearson’s Correlation is r=0.68 (p< 0.001).

Evidence based on consequences of tesiihg:pass/fail mean standard calculated using the
contrasting group’s method was 31 points. One phaeeperformed by a beginner passed the test
with a mean score of 34 (false positive) and twacpdures performed by experts failed the test

with mean scores of 29 and 30.5 points (false ezt See figure 3.

Discussion

Validity evidence has previously been demonstrédethe VATSAT used in a simulated
environment (15). In this study, validity eviderfoe the VATSAT used in a clinical situation with
live surgical cases from four different centersgerideo recorded and the raters blinded for the

institution and the surgeon is demonstrated.

12



179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

Our group has previously published an assessmehtiaigeted towards VATS wedge resections,
but VATSAT is the first assessment tool developaettically to assess VATS lobectomy (19). A
systematic review published in 2015 identified 28ckes focused on procedural tasks. The majority
of studies addressed tasks related to generalrsumgd the remaining to obstetrics/gynecology,
vascular surgery, orthopedics, cardiac surgergtiglaurgery, and minor surgical procedures by
family physicians (20). Minimally invasive thoragargery and perhaps especially VATS
lobectomies are highly specialized procedures hearktis a need for dedicated assessment tools

(21).

The total internal consistency reliability, CronhacAlpha of 0.93 shows that the eight items in the
VATSAT measure the same trait and thereby provedédence for the well-aligned content of the
tool. A high Cronbach’s Alfa indicates a very sigarorrelation between the eight individual items
in the VATSAT. Surgeons who have a high score Imigbne item also have a high score in the
other items (22). This internal consistency religbis similar to what have been demonstrated for
the Global Operative Assessment of LaparoscopltsgkOALS) that were developed Massilou

et alin 2005. They found an internal consistency rdlitgtof 0.91-0.93 by assessing 21
participants performing laparoscopic cholecyste@tsrby two trained observers present in the

operating theatre and by the attending surgeostaggsihe procedures (23).

In our study the inter-rater reliability betwee tfvo blinded raters at a Pearson’s r 0.71 was

highly significant (p< 0.001), meaning that therasva significant agreement in the total score
between the two raters. An inter-rater reliabiiitythe range of 0.70 to .079 may be applied for
formative assessments such as feedback after detaohpraining course. For moderate stake

summative assessments as end of year examinatioadital school an inter-rater reliability

between 0.80 and 0.89 is expected. High stake dassasboard certification and licensure require

13
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inter-rater reliability above 0.90 (22). The intater reliability can be improved by increasing the
number of rated procedures per surgeon or by isgrgdhe number of raters (24). Our results
clearly show, that certification aided by VATSAToses should be based on assessment of more

than one procedure per trainee.

Rating of VATS lobectomy is a time consuming task éhe use of a VATS specialist is costly.
Therefore it is important that a potential testhdd need too many raters. The use of video
recordings has several advantages compared td diveervation in the operating theatre that will
always be prone to bias. A previous study showatidiiect observation favored operators well
known by the rater or considered competent dukdw position (25). Another advantage of video
recordings is that the VATS expert rater can scleethe rating to an appropriate time and place
(26). Using non-experts or novice raters may besiclamed, since the availability is easier and the
costs are less. This approach should be used antle saution but recent work has shown good

inter-rater reliability between expert and non-expaters (27, 28).

The logarithmic relation between the experiencelle¥ the thoracic surgeons and the mean VATS
score shows good consistency. However, a Pear€amiglation of r=0.68 (p< 0.001) is not a
perfect correlation. In figure 1 it can be seert th& not possible to precisely predict competenc
based on the VATSAT score from a certain experiéenel — a threshold of e.g. 50 procedures will
not ensure that all surgeons are competent. TheSAATscore is increasing with increasing
experience level and at the same time the variemperformance is decreasing (figure 3). This is in
accordance with the model for skills acquisitionHitgs and Posner: Performance is variable in the
beginning of the learning process but as the perdoice improves theariability also decreases

and the performance characteristics become moii&sif29). The use of volume cut off to
determine the beginner, intermediate and expegesuns are not ideal, but a necessary step at this

point.

14
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The VATSAT test was able to discriminate betweepegksurgeons and surgeons with an
intermediate experience and between intermediat®aginners using the ANOVA with
Bonferroni post-hoc test, and this were highly gigant (p < 0.008 and p< 0.001, respectively). In
the simulation study we were not able to discrirteérizetween intermediate surgeons and expert
surgeon. This may be due to the challenging ancdmaypossible task to make simulators reflect
every aspect of real live surgery (30). The pafsfandard of 31 points, calculated using the
contrasting groups’ method established good valelidence for consequences (31). One of the
beginners passed the test and two of the expéed the test. In a simulation study case diffigult
can be standardized (30). Other studies with lirgisal procedures have tried to reduce the effect
of disease and patient variability (32). This was possible due to the nationwide design in this
study. VATS lobectomies were heterogeneous in teindficulty level and a considerable bias
may reflect the variation observed. This underlitmespoint of basing important decisions on more
than one procedure — even a beginner can do okayery easy patient and competency cannot be

determined based on a single case.

The strengths of this study are the nationwideig@p#tion of thoracic surgeons from all
departments of thoracic surgery in Denmark. Thidsad the generalizability of our findings.

Having 18 thoracic surgeons perform 60 VATS lobetss reduced construct underrepresentation.
The fact that we were able to show a highly sigatiit discrimination of experts, intermediate
surgeons, and beginners with only two raters isrgrortant finding indicating that the VATSAT

may aid in training and credentialing of VATS suwgs.

Limitations of the study and a threat to validitydence of the assessments may be construct-
irrelevant variance in the form of rater errorstdRe.may express restriction of range in theingati
(33). Interestingly none of the participating expmirgeons scored the mean maximum of 40 and

only one of the beginners scored the mean mininzoresof 8. Despite the raters were blinded, we

15
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cannot rule out the possibility that special instemts or certain movements were recognizable.
Therefore possible identification of a center aliwidual surgeons may have biased the raters. It is
important to emphasize that the focus was techskifié. Non-technical skills are import and may

interfere with the overall performance (34, 35)t this was not captured in the current study.

Conclusion

Validity evidence was provided for a newly develdpssessment tool for VATS lobectomy
(VATSAT) in a clinical setting with 18 surgeons repenting all thoracic units in Denmark based
on video recording of 60 VATS lobectomies and tiiaded raters. Internal consistency reliability
was high and inter-rater reliability acceptablee Tiscriminatory ability between expert surgeons,
intermediate surgeons, and beginners was hightyfgignt with a pass/fail standard of 31 points.
One of the beginners passed the test (false pesdivd two experts failed the test (false negatives
We believe that the VATSAT can be a valid and intgatr tool to aid in deciding when thoracic

surgeons are competent to perform VATS lobectomies.
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Figure Legends

Figure 1: Box-and-whiskers plot showinglation between the experience level of the thorac
surgeons and the VATSAT score. Beginners n=10 pliwes, n=6 surgeons (red dots),
intermediates n=28 procedures, n= 9 surgeons (glatsh, experts n=20 procedures, n=3 surgeons

(blue dots). Colored bar: median VATSAT score.

Figure 2: Logarithmic relation between number of VATS lobeuntes performed (n=58) and the
VATSAT score. Red dots represents VATSAT scoredéginners, green dots represents
VATSAT scores for intermediates and blue dots regmés VATSAT scores for experts. Black

dotted line is the pass/fail ratio of 31.

Figure 3: Pass/fail VATSAT score assessed using the contgagtioup’s method for beginners

(red, n=10 procedures) and expert thoracic surg@muas, n=20 procedures).

Video legend

Video: Right lower VATS lobectomy rated using the VATSAT tool.
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Table 1. Patient characteristics and surgical outcome.

3R1

Patient characteristics, n=58

Mean (SD)
Age 70 (8.2) 383
Gender Male/female 29/29
FEV* 89 (22.0) 384
Tumor size 26 (11.9)
Type of lobectomy | Lower lobes 21 (36%) 385
Middle lobe 5 (9%)
Upper lobes 30 (52%) 386
Bi-lobectomy 2 (3%) ~

Surgical outcome, n=58

Median (interquartile range)

Procedural time (minutes)

101 (88; 123)

Procedural bleeding (ml)

100 (20; 150)

3389

* FEV; (forced expiratory volume in one second)
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