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Abstract

Background Competency-based training has gained ground in surgical training and with it assessment tools to ensure that
training objectives are met. Very few assessment tools are available for evaluating performance in thoracoscopic procedures.
Video recordings would provide the possibility of blinded assessment and limited rater bias. This study aimed to provide
validity evidence for a newly developed and dedicated tool for assessing competency in Video-Assisted Thoracoscopic
Surgery (VATS) lobectomy.

Methods Participants with varying experience with VATS lobectomy were included from different countries. Video record-
ings from participants’ performance of a VATS right upper lobe lobectomy on a virtual reality simulator were rated by three
raters using a modified version of a newly developed VATS lobectomy assessment tool (the VATSAT) and analyzed in rela-
tion to the unitary framework (content, response process, internal structure, relation to other variables, and consequences
of testing).

Results Fifty-three participants performed two consecutive simulated VATS lobectomies on the virtual reality simulator,
leaving a total of 106 videos. Content established in previously published studies. Response process Standardized data
collection was ensured by using an instructional element, uniform data collection, a special rating program, and automatic
generation of the results to a database. Raters were carefully instructed in using the VATSAT, and tryout ratings were carried
out. Internal structure Inter-rater reliability was calculated as intra-class correlation coefficients, to 0.91 for average measures
(p <0.001). Test/re-test reliability was calculated as Pearson’s r of 0.70 (p <0.001). G-coefficient was calculated to be 0.79
with two procedures and three raters. By performing D-theory was found that either three procedures rated by two raters
or five procedures rated by one rater were enough to reach an acceptable G-coefficient of >0.8. Relation to other variables
Significant differences between groups were found (p <0.001). The participants’ VATS lobectomy experience correlated
significantly to their VATSAT score (p =0.016). Consequences of testing The pass/fail score was found to be 14.9 points by
the contrasting groups’ method, leaving five false positive (29%) and six false negatives (43%).

Conclusion Validity evidence was provided for the VATSAT according to the unitary framework. The VATSAT provides
supervisors and assessors with a procedure-specific assessment tool for evaluating VATS lobectomy performance and aids
with the decision of when the trainee is ready for unsupervised performance.

Keywords VATSAT - VATS - Assessment tool - Thoracoscopic lobectomy - Competence evaluation

Objective assessment is a critical aspect of surgical training
for providing trainees with feedback and summative assess-
ment [1]. Evaluation provided by logbooks and supervision
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does not optimally ensure surgical competencies. Compe-
tency-based training has therefore gained ground in surgical
training, and with it, assessment tools to ensure that training
objectives are met since trainees master skills at a different
pace [2—4]. A variety of assessment tools for medical educa-
tion exist in both non-technical and technical skills [5, 6],
but very few assessment tools are available for evaluating
thoracoscopic procedures [7, 8]. The performance of more
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and more complex procedures in the operating room has
resulted in the development of procedure-specific assess-
ment tools [9-12] instead of generic assessment tools such
as the Objective Structured Assessment of Surgical Skills
(OSATS). The American Board of surgery has developed
procedure-specific assessment tools for general surgery, and
the Accreditation Council for Graduate Medical Education
(ACGME) has launched the Thoracic Surgery Milestone
Project, and hereby acknowledged the need for specialty-
specific assessment tools in thoracic surgery [13]. But to
use assessment tools for decisions with great implications
for the trainee, as passing or failing “a test,” the assessment
tools need to be thoroughly studied to not question the deci-
sions based on these tools—uvalidity evidence needs to be
provided. The currently accepted framework of validity is
the unitary framework described by Messick, where valid-
ity evidence is provided for five sources (content, response
process, internal structure, relation to other variables, and
consequences of testing) [14].

The OSATS and similar tools are mostly used for direct
observation with the assessor being present at the bench sta-
tion or in the operating room [15, 16]. But direct observa-
tion introduces assessment bias due to the personal relations
between trainee and assessor/supervisor [17]. Video record-
ings of a performed Video-Assisted Thoracoscopic Surgery
(VATS) lobectomy provide the possibility of blinded assess-
ment, and they do not require the presence of an experienced
assessor at the time of the procedure being performed. By
using blinded assessment, rater bias in surgical training can
to a great extent be avoided [18], but when assessment tools
are used on video recordings, the tool often needs to be
modified since skills other than technical skills are difficult
to be assessed in video recordings [12].

A procedure-specific tool for assessment of VATS lobec-
tomy competency has recently been developed to provide
supervisors with a means for objective assessment either
by direct observation in the operating room or from video-
filmed performances.

This study aimed to provide validity evidence for this
newly developed assessment tool for VATS lobectomy
(VATSAT).

Materials and methods
Inclusion

A convenience sample of medical students with no surgical
experience, trainees in thoracic surgery with varying expe-
rience, and experienced thoracic surgeons in VATS lobec-
tomy were included between September 2015 and January
2016. The novices were recruited among Danish medical
students without any surgical experience, and the trainees
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and experienced surgeons in thoracic surgery were recruited
from various thoracic centers from all over the world as part
of a training program taking place at the University Hospital
of Copenhagen, Rigshospitalet, Denmark, at the cardiotho-
racic department. Participants were excluded if they had any
virtual reality simulation experience.

Ethics

Participants were first informed by KJ of the project and that
their data would be anonymous to all other than KJ. They
then signed a consent form stating that participation was
voluntary and that they at any time and without pressure
could withdraw their consent for participation and their data
would be deleted. There was no physical or psychological
harm to the participants. The assessment of each participant
was not discussed with colleagues or other individuals. The
participants were not told how they performed compared
with others. All participants were assigned a unique trial
number, and data were kept under this number. All data
were kept strictly confidential on a code-locked hard drive
by KJ. No samples from humans were used in the study
and no drugs were administered; hence, this study needed
no approval from The Danish National Committee on Bio-
medical Research Ethics, but an inquiry was still sent and
returned with protocol no. H-15011006.

Testing

The testing [19, 20] took place at the Copenhagen Centre
for Medical Education and Simulation (CAMES), Copenha-
gen, Denmark [21]. Four identical virtual reality simulators
(LapSim®, Surgical Science, Gothenburg) were used. Back-
ground data (age, gender, VATS experience) were obtained
from the participants. The simulators’ built-in instructions
of the procedural steps of the simulated scenario of a VATS
lobectomy of a right upper lobe were shown to the partici-
pants, before they performed a VATS lobectomy of the right
upper lobe on the simulator two times in a row. The scenario
had to be performed in a certain order, and this was shown
at the bottom of the screen in the scenario on the simulator
throughout the test. All tests and metrics were recorded on
the simulator automatically. For a more detailed descrip-
tion and pictures and videos of the simulator and scenario,
please see reference 19 and 20 and http://www.surgicalsc
ience.com.

The VATS lobectomy assessment tool (VATSAT)

The VATSAT was developed especially for assessing compe-
tency in VATS lobectomy performance by direct observation
in the operating room or from video-filmed performances
and is described in detail in a previous publication [22]. The
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VATSAT consists of eight items especially developed to rate
trainees’ VATS lobectomies competencies, and each item
can be rated from 1 to 5, where 5 is the best score. Rating
anchors are provided at 1, 3, and 5 points.

A modified VATSAT (Fig. 1) was used to rate the vid-
eos, leaving five items from the original VATSAT and three
excluded since the simulator cannot yet simulate the extent
of the tumor, lymph node removal, and removal of the lobe
in a bag.

Rating of videos

Each participant produced two video-recorded perfor-
mances, and each video clip recorded from the simulator
was given a unique number and uploaded to an online digi-
tal rating system and hereby made anonymous [23]. The
unedited videos were blindly rated by three thoracic sur-
geons with extensive experience in VATS lobectomy using
the modified VATSAT. The raters could see the video next
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Fig.1 The modified VATSAT
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to the assessment tool, and pause the video and go back and
forth to review if necessary. The videos only showed the
output from the screen, thus the surgeons were not seen in
the video, and there was no sound.

Outcome measures and data analysis

Outcome measures according to Messick’s unitary frame-
work for validity [14]:

Content

The steps taken to ensure that test content reflects the con-
struct it is intended to measure, is described for the virtual
reality test in VATS lobectomy and VATSAT in previously
published studies (user realism, training tool usefulness, and
agreement between experts in the field on design, items, and
anchors) [19, 20, 22].

Response process

Describes the test security/quality control of an assessment
process to eliminate sources of error to the maximum extent
possible. In this study, standardized data collection was
ensured by using an instructional element before the test on
the simulator and letting the same person perform all data
collection [19] and the same three persons rate all videos in
a rating program where the video is integrated next to the
assessment tool [23], and automatic generation of the results
to a database. Raters were carefully instructed on how to
rate using the VATSAT, and tryout ratings were carried out
and disparities discussed and misunderstandings corrected
before the real rating. The VATSAT uses global rating and
not checklist ratings, and allows for blinded, unbiased rating.

Internal structure

Explores the assessment tool’s psychometric characteristics
(the reproducibility and correlation of test items). Intra-class
correlation coefficients (single measure and averages meas-
ures, absolute agreement definition) were used to explore
inter-rater reliability. Test/re-test reliability for the scores
from the VATSAT was calculated using Pearson’s r. Gener-
alizability (G) theory with subsequent D-theory was applied
to compare number of procedures needed in combination
with number of raters needed to reach a G-coefficient of 0.8.

Relation to other variables
Describe if the assessment score correlates with known
measures of competence. Participants will be divided into

three groups based on their number of performed real-life
VATS lobectomies: Novices: 0 performed procedures,
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intermediates: 1-49 performed VATS lobectomies, and
experienced: >50 performed VATS lobectomies. The
assessment tools’ discriminatory ability between novices
and experienced and how intermediates scores fit was cal-
culated by using the participants mean scores and using
ANOVA with post hoc test. Correlation coefficients for the
participants’ VATS lobectomy experience and VATSAT
scores are given.

Consequences of testing

Here, consequences of the assessment decisions are dis-
cussed. The pass/fail score of the assessment tool was estab-
lished using the contrasting groups’ method and explored by
reporting the consequences.

IBM SPSS statistics version 23 (IBM, NY, USA) and
GENOVA software version 3.1 (Download: http://papaw
orx.com/Deposit/G_String_Installer.zip) were used for the
data analysis, and results with p <0.05 were considered
significant.

Results

None of the invited participants had any virtual reality simu-
lator experience, and all performed two procedures, and thus
none were excluded, leaving 53 participants with varying
experience in VATS lobectomy. The participants came from
nine different countries (Australia, Belgium, Denmark, Fin-
land, Germany, Ireland, United Kingdom, Spain, Switzer-
land). Each participant performed two consecutive simulated
VATS lobectomies on the virtual reality simulator, leaving a
total of 106 videos. Three raters assessed each video with the
modified VATSAT. Background data for the participants and
their mean VATSAT scores are shown in Table 1.

Internal structure

Inter-rater reliability was calculated as intra-class correla-
tion coefficients (ICC) to be 0.78 for single measures and
0.91 for average measures with both being highly significant
with p <0.001. Test/re-test reliability scores for the partici-
pants’ first and second procedure (in the following called
occasions) were calculated by using the mean score of each
video from all three raters yielding a Pearson’s coefficient
of 0.70 and being highly significant with p <0.001. G-coef-
ficient was calculated to be 0.79 with two occasions and
three raters, and the variance of the results is found mainly
to be related to the participants and not the raters or occa-
sions (Table 2).

Performing D-theory by altering the number of raters and
occasions, it was found that either three occasions rated by
two raters, or five occasions rated by one rater were enough
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Table 1 Background data and Group Participants # Mean age  Mean performed Mean VATSAT score
mean VATSAT scores years VATS lobectomies #  for procedure 1 and 2
+SD
Novices (0) 17 24 0 12.0+3.4
Intermediates (1-49) 22 39 10 15.5+29
Experienced (>50) 14 43 126 17.0+4.2
SD standard deviation
Table 2 The contribution of each source of variance to the VATSAT score
Source of variance Description Esti- Relative Interpretation of results
mated contribution
variance (%)
Participants Systematic variation among partici-  12.1 58 Most of the measured variance are
pants derived from the participants’ differ-
ent VATS experience
Raters Systematic variation among raters 0.07 0.4 The raters had an equal level of strin-
gency
Procedures Systematic variation among proce- 0 -0 The procedures were equally difficult
dures
Interaction between participants and ~ Consistent trend for a participantto 4.3 20 Moderate variance were contributed to
procedures perform a procedure differently the participants performance of the
procedure
Interaction between participants and ~ Consistent trend for a rater to assessa 1.3 6 There was minimal bias between
raters particular participant differently rater and participant due to effective
blinding
Interaction between raters and pro- Consistent trend for a rater to assess  0.05 0.2 The raters’” assessments of the proce-
cedures differently on a particular procedure dures were equal
Interaction between participants, All remaining variability 32 15 Expected unexplained error
procedures, and raters
to reach a G-coefficient of 0.8 (Fig. 2), but a practice effect Raters
could suppress validity when extrapolating beyond four 2 oo 81
occasions. X3
: : , & 8 8 B 2
Relation to other variable o L 8 o o ©
B o
The mean total scores for novices and experienced were sig- b= = "
. . . . <
nificant different with p=0.001 using independent samples S -
t test. When comparing all three groups using ANOVA with E
. .o ©
Bonferroni post hoc test, the mean scores were significantly ©
different between novices and intermediates (p =0.009) but S 40
not between intermediates and experienced surgeons. The
Pearson correlation coefficient for the participants’ VATS
lobectomy experience correlated to their VATSAT score was 201
0.33 with p=0.016 and they are plotted in Fig. 3.
Consequences of testing 00 — T T T I T T I

The pass/fail score of the assessment tool was established
to be 14.9 points by the contrasting groups’ method, leav-
ing five false positive (29%) and six false negatives (43%)

Occasions (# of procedures)

Fig.2 Number of procedures evaluated by one, two, or three inde-
pendent raters in order to reach a G-coefficient of 0.8
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Fig.3 Mean VATSAT scores in relation to the participants previous
VATS lobectomy experience
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Fig.4 Pass/fail level using the contrasting groups’ method

(Fig. 4). Thirteen of the 22 (59%) intermediate experienced
participants scored a mean of more than 14.9 points.

Discussion
In this study, validity evidence was provided for an assess-
ment tool for VATS lobectomy competence. Very high inter-

rater reliability with ICC > 0.9 was found for the modified
VATSAT. For selection and certification which has major
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consequences for the surgeon, it is generally agreed that reli-
ability coefficients should be > 0.8 [24]. The tool also had
the ability to discriminate in a highly statistically signifi-
cant way between the defined stages of experience, which
improves its usefulness in clinical practice, but as shown in
Fig. 4 considerable overlap exists. Pass—fail levels require
good validity evidence because of the consequences for
the surgeons being tested. The proposed cut score for the
VATSAT allowed too many novices to pass and too many
experienced to fail, even if it was by a close margin (many
passed or failed by half a point). No significant difference
was found between intermediates and experienced surgeons,
and this may possibly reflect that some of the trainees are
quite skilled despite not having performed > 50 VATS lobec-
tomies. The younger surgeons are possibly more intuitive
towards the virtual reality simulation than their experienced
senior colleagues, and hence some experienced surgeons
score low on the VATSAT, but are very skilled surgeons in
real life. The current study should be regarded as the initial
one in a line of research on the topic, and in this study we
used the pass/fail score to distinguish novices from expert
and where the intermediates fit with this score. Testing
medical students is probably not an appropriate method for
validating educational methods aimed for surgical trainees,
but this was the first study to explore the VATSAT’s dis-
criminatory abilities between levels of expertise, and there-
fore we wanted to see how well totally untrained medical
students scored in comparison with real surgeons. This is
important to explore and justify further research into clini-
cal implications of the VATSAT. It requires a clinical study
using the full VATSAT before a clinical pass/fail score can
be determined and is used to consider a surgeon ready for
unsupervised practice. Petersen et al. [25] just published the
first results from the clinical application of the VATSAT to
real-life VATS lobectomies. Here, the pass/fail score were
calculated to 31 point, leaving one of the beginners (not
medical students, but surgeons) to pass, and two experts to
fail. Bonferroni post hoc tests showed that experts were sig-
nificantly better than intermediates (p <0.008) and beginners
(»<0.001). Intermediates’ mean scores were significantly
better than beginners (p <0.001).

Generalizability studies use variance component analysis
to explore facets that could be a threat to reliability [26].
Rater disagreement only “contributed” to 0.4% of the overall
variation in test score (Table 2), which substantiates that
a good but short introduction to using the VATSAT was
enough. In this study, we found that only 0.2% of the varia-
tion in test score was due to the interaction between rater and
occasion, hence the raters did not vary in their perceptions of
a specific procedure, and this can be related to the fact that
the same simulated scenario is equally difficult every time
it is performed. Moderate variance was contributed to the
participants’ performance of the procedure, and this could
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reflect that the participants learn from each procedure how
to perform smarter/differently in the next attempt.

Virtual reality-simulated VATS lobectomies were used
instead of video-recorded real-life surgeries. One could
criticize the results based on this, but an advantage of video
recordings from a simulator is the standardized scenario,
where real patients are very different. Another advantage
is that video-filmed performances from a simulator can
be acquired for surgeons with different VATS experience
(ranging from novices to experienced surgeons). Videos of
real-life procedures cannot be obtained from novices (they
are not allowed to operate on their own or at all), and inter-
mediate experienced and experienced VATS surgeons could
be hesitant about showing their video-recorded procedures
(due to possible complications and wanting to show a perfect
procedure). Also, the raters would not know if a supervisor
was giving the trainee hands-on guidance in the operating
room, unless this was registered along with the timestamp
on the video. Besides objective observation from video
recordings, raters avoid time-consuming attendance in the
operating room and have the possibility of re-assessment in
case of doubt. Konge et al. [27] compared results based on
direct observations and blinded video recordings and found
that non-blinded observation favored the consultants. Other
studies found that video recordings equalled direct observa-
tions [18]. A video-based approach makes it feasible to use
the same raters for all procedures, and an important point in
using video recordings is the avoidance of all the potential
bias of human relations between supervisor/rater and sur-
geon [17]. However, video rating by blinded raters would be
optimal for summative assessment which might incur added
costs, but a recent study found that non-specialist raters can
provide reliable and valid assessments of video-recorded
performance, hereby diminish the rater-cost [28].

However, some important aspects are not possible to be
assessed based on video recordings, and simulator perfor-
mance is never completely realistic and does not reflect all
aspects of the clinical procedure. An optimal assessment
should be standardized but an optimal training program
should be diverse enough to mimic the challenges in real
life, and as of now, the simulator cannot simulate how to
deal with complications and anatomical variations. Bleeding
is simulated, but still not realistic enough for intermediates
and experienced surgeons to practice hemostatic control.
Simulation training at this developmental stage is primar-
ily for novices to lift them to an intermediate’s level before
operating on patients, and then real-life procedure training is
needed to reach a higher level [29]. The items on the VAT-
SAT focus on technical competency. However, surgical com-
petence includes several other skills, such as cognitive and
integrative competencies [30, 31]. Many generic assessment
tools for non-technical skills are already developed for this
purpose [5], and skilled supervisors using direct observation

must ensure the abilities of the trainees in these areas. In the
future, maybe wearable video technology can also support
this [32, 33].

The strength of this study lies in its design which allows
for objectivity and accuracy of results stored in the simula-
tor. Using standards (the simulator) means that the research
can be replicated, and then analyzed and compared with
similar studies. Raters were carefully instructed and tryout
ratings were performed. Data based on participants from
many countries increase the generalizability of the results
and the sample size was large. The grouping of the partici-
pants poses some difficulties, because a very skilled trainee
can probably score the same as a very experienced surgeon,
and does experience equal good skills/a high score on the
test, i.e., does a surgeon who has performed a high number
of procedures necessarily have good technical skills? We
recognize the limitations of using simulated scenarios and a
modified assessment tool to adapt to the virtual reality VATS
lobectomy scenario, but modified assessment tools to better
suit the research question have been used with very good
results [7, 11, 34].

We aim to publish these first findings/experiences with
the tool to show that initial validity evidence for a novel
and unproven assessment tool designed for clinical use can
be gathered using virtual reality simulation. Many studies
describe the use of virtual reality simulators for assessing
competence but most of these use simulator metrics as out-
come parameters which makes it impossible to transfer the
simulation-based assessment into real clinical practice. Our
use of simulation for initial and standardized testing of a
clinical assessment tool is quite novel and we would like
to show that this tool—and probably many more already
developed and tested assessment tools—can be used with
accuracy on both simulated and real-life procedures. Fur-
thermore, the novel assessment tool described in this study is
designed to be used based on video recordings and we want
to build on the literature showing that you can yield reliable
results from video recordings, rendering the presence of a
rater in the operating room unnecessary.

The VATSAT is designed to monitor progress of trainees’
skills, facilitate structured feedback, contribute to measure
the effect of training, and hopefully aid with certification in
the future. The VATSAT is procedure-specific, can be used
for blinded rating, and has high reliability which makes it
useful with one rater. The ability to discriminate between
novices and experienced surgeons was statistically signifi-
cant, but to be used in the clinic where stakes are high for the
trainee, the pass/fail score needs to be established for the full
VATSAT and with ability to distinguish between experts and
intermediates too. The next step will be to explore validity
evidence for the original VATSAT’s use in the operating
room, as done in the just published paper by Petersen et al.
[25].

@ Springer



1472 Surgical Endoscopy (2019) 33:1465-1473
Conclusion 11. Carlsen CG, Lindorff-Larsen K, Funch-Jensen P, Lund L,
Charles P, Konge L (2014) Reliable and valid assessment of
L . . Lichtenstein hernia repair skills. Hernia 18:543-548. https://
Validity evidence was provided for a novel assessment tool doi.org/10.1007/s10029-013-1196-2
for evaluating VATS lobectomy competence. The VAT- 12. Aggarwal R, Grantcharov T, Moorthy K, Milland T, Darzi A
SAT provides supervisors and assessors with a procedure- (2008) Toward feasible, valid, and reliable video-based assess-
ifi 1 f luatine VATS lob ments of technical surgical skills in the operating room. Ann
specific assessment tool for evaluating obectomy Surg 247:372-379. https://doi.org/10.1097/SLA.0b013e3181
performance and aids with the decision of when the trainee 60b371
is ready for unsupervised performance. 13. Yang SC, Merrill W (2014) Educational milestone development
in phase II specialties: thoracic surgery. j Gr Med Educ 6:329-331
. . . 14. Messick S (1989) Meaning and values in test validation: the sci-
Comphance with ethical standards ence and ethics of assessment. Educ Res 18:5-11. https://doi.
org/10.3102/0013189x018002005
Disclosures Katrine Jensen’s salary during her Ph.D. was partly funded 15. Reznick RK, MacRae H (2006) Teaching surgical skills—
by The Danish Cancer Society (Krzftens Bekzmpelse, “Knak Can- changes in the wind. N Engl J Med 355:2664-2669. https://doi.
cer”), and this study was carried out as part of her Ph.D. Henrik Jessen org/10.1016/50084-392X(08)70199-0
Hansen and René Horsleben Petersen are at the Speakers Bureau of 16. Martin JA, Regehr G, Reznick R, Macrae H, Murnaghan J, Hutch-
Medtronic. Kirsten Neckelmann, Henrik Vad, Lars Mgller, Jesper Holst ison C, Brown M (1997) Objective structured assessment of tech-
Pedersen, and Lars Konge have no conflicts of interest or financial ties nical skill (OSATS) for surgical residents. Br J Surg 84:273-278.
to disclose. https://doi.org/10.1002/bjs.1800840237
17. Vogt VY, Givens VM, Keathley CA, Lipscomb GH, Summitt RL
(2003) Is a resident’s score on a videotaped objective structured
assessment of technical skills affected by revealing the resident’s
identity? Am J Obstet Gynecol 189(3):688-691
References 18. Vassiligu MC, Fel@man LS, Fraser S, Cha.rleb.ois P, Chauflhury P,
Stanbridge DD, Fried GM (2007) Evaluating intraoperative lapa-
1. Epstein RM. Cassel CK. Epstein RM. de Galan BE G roscopic skill: direct observation versus blinded videotaped per-
- bpstem BAL assel LA, bpstein RV, ce Lajan B, van Lurp formances. Surg Innov 14:211-216. https://doi.org/10.1177/15533
PJ, Stuyt PM (2007) Assessment in medical education. N Engl 50607308466
J Med 356:387-396. https://doi.org/lQ.1.056/NEJMra054784 19. Jensen K, Bjerrum F, Hansen HJ, Petersen RH, Pedersen JH
2 {doﬁg.e D]’ grlzlintchdarov T (t201 1). Tranzll.ng and asse;sm?né of Konge L (2016) Using virtual reality simulation to assess compe-
echmical SKIS an@ competency 1 cardiac surgery. tur J L-ar- tence in video-assisted thoracoscopic surgery (VATS) lobectomy.
dio-Thorac Surg 39:287-293. https://doi.org/10.1016/j.ejcts Surg Endosc. https://doi.org/10.1007/s00464-016-5254-6
3 3019'26'331 V. Mackay S (2001) The chall £ obiecti 20. Jensen K, Bjerrum F, Hansen HJ, Petersen RH, Pedersen JH,
- Azt A, ta fa - acl alz,'ll AmJ S ¢ C]Sal-zelgie 4(1)860 ljlftc l\.]; Konge L (2015) A new possibility in thoracoscopic virtual real-
358.6551758 1(())12%%1582 59 é 1 O ( OIII; 00 63? 9 +30a=eh. Ups: ity simulation training: development and testing of a novel virtual
o1.org/ 1o N e . reality simulator for video-assisted thoracoscopic surgery lobec-
4. Mcgaghie WC (2015) Mastery learning: it is time for medical tomy. Interact Cardiovasc Thorac Surg 21:420-426. https://doi
education to join the 21st century. Acad Med 90:1-4. https:// org/lb 1093/icvts/ivv183 ’ ’ ” ’
5 (Sifll.org/130;/?9;/A§N200000010302;000t9 lhl TP (2011) N 21. Konge L, Ringsted C, Bjerrum F, Tolsgaard MG, Bitsch M,
’ arma B, Vishra A, Aggarwal i, brantcharov on- Sgrensen JL, Schroeder TV (2015) The simulation centre at Rig-
technical skills assessment in surgery. Surg Oncol 20:169-177. shospitalet, Copenhagen, Denmark. J Surg Educ 72:362-365
https://doi.org/10.1016/j.suronc.2010.10.001 hitps://doi.org/10.1016/j.jsurg.2014.11.012 ‘ ‘
6. Ahmed K, Mls]fovw D, Darzi A, Athanasiou T, Hanna .GB 22. Jensen K, Petersen RH, Hansen HJ, Walker W, Pedersen JH,
(2011) Obss:rvahqnal tools for assessment of procedural skllls: Konge L (2018) A novel assessment tool for evaluating compe-
a sills(t)ei%?téj review. ?6?;@“55&02:4697480' hitps://doi. tence in video-assisted thoracoscopic surgery lobectomy. Surg
; ;’(rg L LJifmJi“;g'H o0 HJ. Petersen RH. Rinested C Endosc. https:/doi.org/10.1007/500464-018-6162-8
: 2%‘;%‘; Rl Elner A val C‘;‘me“ ’ te ?“"‘; ’ 1“.*‘=’5t§ 23. Subhi Y, Todsen T, Konge L (2014) An integrable, web-based
ioscopy eSLarg %230:: 21 6,?28262?11166 211 3 Ohf;gr, /(;flr;agfg/ ir(l) | (;) (;271; solution for easy assessment of video-recorded performances. Adv
$00464-011-2081-7 g/led Educ Pract 5:103-105. https://doi.org/10.2147/AMEP.S6227
8. Tong Béi (Gzl(l)slt;gs%n llf/(;Rt,.BaldErsotrlll 5§, D Am}col T{)A" It\/[ey- 24. Downing SM (2004) the metric of medical education reliability:
erson andation of a thoracoscopie lobectomy on the reproducibility of assessment data. Med Educ 38:1006—
simulator. Eur. J Cardio-Thorac Surg 42:364-369. https://doi. 1012. https://doi.ore/10.1046/j.1365-2929.2004.01932.x
9 (I)(rg/IO.LO9I;3/eJcts/IiZRSOIC21 ¢ P. Arend H. Von Buch 25. Petersen RH, Gjeraa K, Jensen K, Mgller LB, Hansen HJ, Konge
- honge L, Larsen » —ementsen ©, Arendrup H, Von Buch- L (2018) Assessment of competence in Video Assisted Thora-
Wfﬂq C, Ringsted C (2012) Reliable anfi V?hd assessment of coscopic Surgery (VATS) Lobectomy: a Danish nationwide
clinical bronchoscopy performance. Respiration 83:53—60. https study. J Thorac Cardiovase Surg. hitps-/doi.org/10.1016/j.jtcvs
://doi.org/10.1159/000330061 2018' 04.046 ’ a ’ ’ e
10. WelerInaé I;IIF l\gin?;g?gl]f’ YltomsdAF,l'IC-lhf.ks GJf’ Elnarsi 26. Crossley J, Davies H, Humphris G, Jolly B (2002) Generalisabil-
son J1, Lohen esign and valication of a nove ity: a key to unlock professional assessment. Med Educ 36:972—
assessment tool for laparoscopic suturing of the vaginal cuff 978. https://doi.org/10.1046/j.13635-2923.2002.01320.x
during hysterectomy. J Surg Educ 72:212-219. https://doi. 27. Konge L, Vilmann P, Clementsen P, Annema JT, Ringsted C

org/10.1016/j.jsurg.2014.08.015

@ Springer

(2012) Reliable and valid assessment of competence in endo-
scopic ultrasonography and fine-needle aspiration for mediastinal


https://doi.org/10.1056/NEJMra054784
https://doi.org/10.1016/j.ejcts.2010.06.035
https://doi.org/10.1016/j.ejcts.2010.06.035
https://doi.org/10.1016/S0002-9610(01)00624-9
https://doi.org/10.1016/S0002-9610(01)00624-9
https://doi.org/10.1097/ACM.0000000000000911
https://doi.org/10.1097/ACM.0000000000000911
https://doi.org/10.1016/j.suronc.2010.10.001
https://doi.org/10.1016/j.amjsurg.2010.10.020
https://doi.org/10.1016/j.amjsurg.2010.10.020
https://doi.org/10.1007/s00464-011-2081-7
https://doi.org/10.1007/s00464-011-2081-7
https://doi.org/10.1093/ejcts/ezs012
https://doi.org/10.1093/ejcts/ezs012
https://doi.org/10.1159/000330061
https://doi.org/10.1159/000330061
https://doi.org/10.1016/j.jsurg.2014.08.015
https://doi.org/10.1016/j.jsurg.2014.08.015
https://doi.org/10.1007/s10029-013-1196-2
https://doi.org/10.1007/s10029-013-1196-2
https://doi.org/10.1097/SLA.0b013e318160b371
https://doi.org/10.1097/SLA.0b013e318160b371
https://doi.org/10.3102/0013189x018002005
https://doi.org/10.3102/0013189x018002005
https://doi.org/10.1016/S0084-392X(08)70199-0
https://doi.org/10.1016/S0084-392X(08)70199-0
https://doi.org/10.1002/bjs.1800840237
https://doi.org/10.1177/1553350607308466
https://doi.org/10.1177/1553350607308466
https://doi.org/10.1007/s00464-016-5254-6
https://doi.org/10.1093/icvts/ivv183
https://doi.org/10.1093/icvts/ivv183
https://doi.org/10.1016/j.jsurg.2014.11.012
https://doi.org/10.1007/s00464-018-6162-8
https://doi.org/10.2147/AMEP.S62277
https://doi.org/10.2147/AMEP.S62277
https://doi.org/10.1046/j.1365-2929.2004.01932.x
https://doi.org/10.1016/j.jtcvs.2018.04.046
https://doi.org/10.1016/j.jtcvs.2018.04.046
https://doi.org/10.1046/j.1365-2923.2002.01320.x

Surgical Endoscopy (2019) 33:1465-1473

1473

28.

29.

30.

staging of non-small cell lung cancer. Endoscopy 44:928-933.
https://doi.org/10.1055/s-0032-1309892

Mahmood O, Dagnzs J, Bube S, Rohrsted M, Konge L (2017)
Nonspecialist raters can provide reliable assessments of pro-
cedural skills. J Surg Educ. https://doi.org/10.1016/j.jsurg
.2017.07.003

Vapenstad C, Buzink SN (2013) Procedural virtual reality simula-
tion in minimally invasive surgery. Surg Endosc 27:364-377. https
://doi.org/10.1007/s00464-012-2503-1

Walsh CM, Ling SC, Khanna N, Cooper MA, Grover SC, May G,
Walters TD, Rabeneck L, Reznick R, Carnahan H (2014) Gastro-
intestinal endoscopy competency assessment tool: development of
a procedure-specific assessment tool for colonoscopy. Gastrointest
Endosc 79:798-807.e5. https://doi.org/10.1016/j.gie.2013.10.035

31. Gjeraa K, Spanager L, Konge L, Petersen RH, Ostergaard D
(2016) Non-technical skills in minimally invasive surgery teams:
a systematic review. Surg Endosc. https://doi.org/10.1007/s0046
4-016-4890-1

Affiliations

Katrine Jensen'%

32.

33.

34.

Lars Borgbjerg Moller® - Jesper Holst Pedersen’ - Lars Konge?

Department of Cardiothoracic Surgery, Copenhagen
University Hospital, Rigshospitalet, Copenhagen, Denmark

Copenhagen Academy for Medical Education and Simulation
(CAMES), University of Copenhagen and the Capital
Region, Copenhagen, Denmark

Department of Cardiothoracic and Vascular Surgery, Odense
University Hospital, Odense, Denmark

Hashimoto DA, Phitayakorn R, Fernandez-del Castillo C, Meire-
les O (2016) A blinded assessment of video quality in wearable
technology for telementoring in open surgery: the Google Glass
experience. Surg Endosc 30:372-378. https://doi.org/10.1007/
s00464-015-4178-x

Vallurupalli S, Paydak H, Agarwal SK, Agrawal M, Assad-Kottner
C (2013) Wearable technology to improve education and patient
outcomes in a cardiology fellowship program—a feasibility
study. Health Technol 3:267-270. https://doi.org/10.1007/s1255
3-013-0065-4

Hopmans CJ, den Hoed PT, van der Laan L, van der Harst E, van
der Elst M, Mannaerts GHH, Dawson I, Timman R, Wijnhoven
BPL, IJzermans JNM (2014) Assessment of surgery residents’
operative skills in the operating theater using a modified Objec-
tive Structured Assessment of Technical Skills (OSATS): a pro-
spective multicenter study. Surgery 156:1078-1088. https://doi.
org/10.1016/j.surg.2014.04.052

- Henrik Jessen Hansen' - René Horsleben Petersen’ - Kirsten Neckelmann? - Henrik Vad* -

Department of Cardiothoracic and Vascular Surgery, Aarhus
University Hospital, Skejby, Denmark

Department of Cardiothoracic Surgery, Aalborg University
Hospital, Aalborg, Denmark

Department 5404, Copenhagen Academy for Medical
Education and Simulation (CAMES), Blegdamsve;j 9,
2100 Copenhagen, Denmark

@ Springer


https://doi.org/10.1055/s-0032-1309892
https://doi.org/10.1016/j.jsurg.2017.07.003
https://doi.org/10.1016/j.jsurg.2017.07.003
https://doi.org/10.1007/s00464-012-2503-1
https://doi.org/10.1007/s00464-012-2503-1
https://doi.org/10.1016/j.gie.2013.10.035
https://doi.org/10.1007/s00464-016-4890-1
https://doi.org/10.1007/s00464-016-4890-1
https://doi.org/10.1007/s00464-015-4178-x
https://doi.org/10.1007/s00464-015-4178-x
https://doi.org/10.1007/s12553-013-0065-4
https://doi.org/10.1007/s12553-013-0065-4
https://doi.org/10.1016/j.surg.2014.04.052
https://doi.org/10.1016/j.surg.2014.04.052
http://orcid.org/0000-0002-7008-8111

	Evaluating competency in video-assisted thoracoscopic surgery (VATS) lobectomy performance using a novel assessment tool and virtual reality simulation
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Inclusion
	Ethics
	Testing
	The VATS lobectomy assessment tool (VATSAT)
	Rating of videos
	Outcome measures and data analysis
	Content
	Response process
	Internal structure
	Relation to other variables
	Consequences of testing


	Results
	Internal structure
	Relation to other variable
	Consequences of testing

	Discussion
	Conclusion
	References


