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Introduction

There is no controversy that coronary artery anasto-
mosis is one of the key factors to accomplish coronary 
artery bypass surgery. We have dedicated to teaching  
young surgeons to perform coronary anastomosis on site 
and assessing the anastomosis by using the modified 

Purpose: Coronary anastomosis is the most key factor to accomplish coronary artery 
bypass grafting, which is one of the largest areas in cardiovascular surgery. Although we 
have organized on-site simulator training courses of coronary anastomosis using BEAT 
YOUCAN, it became difficult to continue it because of COVID-19. Therefore, we estab-
lished a real-time evaluation sheet instead of an Objective Structured Assessment of Tech-
nical Skills (OSATS) evaluation sheet. The purposes of this study was to develop the 
real-time assessment system and to prove the correlation between the score obtained by 
the OSATS and the score obtained by the real-time evaluation system.
Subjects and Methods: A total of 22 videos from the qualifying round of real-time coro-
nary anastomosis competition evaluated by both the modified OSATS and the real-time 
evaluation system were utilized in this study. The global rating score of OSATS was com-
pared with the global rating score of real-time evaluation system.
Results: When examined the relationship between the OSATS total score and the real-
time total score, there was a significant correlation (R = 0.752, p <0.001). The OSATS 
general definition score and the real-time total score also showed a strong correlation  
(R = 0.733, p <0.001).
Conclusions: We developed a real-time assessment sheet to evaluate coronary anastomo-
sis. This assessment sheet had a good correlation with the OSATS evaluation sheet.
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Fig. 1  Conversion from the OSATS evaluation sheet to the real-time evaluation sheet. Solutions composed with the OSATS evalu-
ation sheet were converted into technical panel and component panel. Items of status of lumen and deduction were added to 
be able to evaluate the final condition. OSATS: Objective Structured Assessment of Technical Skills 
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Real-Time Evaluation Sheet for Coronary Anastomosis

Objective Structured Assessment of Technical Skills 
(OSATS) evaluation sheet,1) which was originally 
invented by Reznick and colleagues2) and adopted to 
evaluate coronary anastomosis by Fann and colleagues.3) 
Nishi and colleagues4) reported that evaluation of cor-
onary artery anastomosis using the OSATS is useful. 
However, situations have been changed due to COVID-
19 pandemic, which forced us to organize the online 
training system. At that moment, the Japanese Associ-
ation for Coronary Artery Surgery asked us to perform 
the competition of coronary artery anastomosis online. 
Because we could not evaluate until finishing an anas-
tomosis if we use the OSATS evaluation sheet, we 
developed the real-time assessment system to evaluate 
an anastomosis by getting inspiration from the Inter-
national Skating Union (ISU) Judging System.5) In this 
article, we evaluate the correlation between the modified 
OSATS and the real-time evaluation system.

Objectives
The first objective is to develop a real-time assessment 

system to evaluate coronary anastomosis. The second 
objective is to prove the correlation between the score 
obtained by the OSATS and the score obtained by the 
real-time evaluation system.

Development of real-time assessment system
The modified OSATS evaluation sheet has 10 indi-

vidual scales, and each scale is graded from 1 to 5. 
Solutions composed with this OSATS evaluation sheet 
were converted into technical panel and component 
panel (Fig. 1). The technical panel consisted of arte-
riotomy, parachute, initial side, toe, the other side, and 
knot tie to be able to score immediately after each part 
is completed. Each part was graded from 1 to 10. On the 
other hand, the component panel consisted of balance 
between arteriotomy and graft trimming, position of 
the toe and heel of graft, status of lumen, and munities 
to finish the anastomosis. These components were also 
graded from 1 to 10 points in each part after an anas-
tomosis was finished. Additionally, some deduction of 
points were given if there were disruption of arterial 
wall and/or suture tangling (Fig. 2). These scores were 
entered into the Google spreadsheet for aggregate cal-
culation, and the average score became the final value 
of each part (Fig. 3). If judgment was performed by 
more than 5 evaluators, the highest and the lowest 
scores were deleted before averaging. The total score 

became 10 to 100 points because the real-time assess-
ment sheet was composed of 10 parts.

Training and averaging of judgments
The evaluation committee (KA, HN, and KO) and YP 

created the standard videos of 6 and 8 points in each part. 
During the competition, we recruited 16 experienced 
and cardiovascular (CV) surgery certified surgeons as 
judges. After checking these standard videos, they scored 
on audition videos. Each score was compared with the 
average score of evaluation committee members, and the 
feedback was applied if there was remarkable dissocia-
tion. This feedback was performed continuously during 
the competition.

Competition of coronary anastomosis
The competition was held on every Saturday for four 

consecutive weeks divided by experience years, Grade 
1: medical students/1 to 2 years after graduate, Grade 2: 
3 to 6 years after graduate, Grade 3: 7 to 10 years after 
graduate, and Grade 4: no limit for experience years. 
In each grade, applicants tossed their videos of mak-
ing anastomosis. A total of 3 evaluators and 16 judges 
scored these videos by using the modified OSATS eval-
uation sheet. The next step was to check 4 to 8 videos 
on borderline of elected and defeated with the real-time 
evaluation system and to nominate the finalists by 3 eval-
uators and 4 judges. Finally, 3 to 5 finalists attended the 
online competition and performed coronary anastomo-
sis, which were checked with the real-time evaluation 
system by 1 evaluator and 4 judges using the Google 
spreadsheet (Fig. 4). The online competitions were held 
via Zoom (Fig. 5).

Fig. 2  Structure of real-time evaluation sheet. Each score of 
technical panel was entered just after finishing each part. 
Scores of components and deduction were entered after 
finishing an anastomosis 
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Regulation of the competition
The model Anathon A-1 kit specially created by the 

EBM Corporation was used (Fig. 6A). Coronary arterial 
model (YOUCAN-SD), graft model (ITA graft EXF), 
and suture (7-0 polypropylene) were also provided 
by the EBM Corporation (Figs. 6B–6D). Videos were 
recorded by placing a smartphone on the model.

Subjects and Methods

A total of 22 videos on the borderline of elected and 
defeated scores evaluated by both the modified OSATS and 
the real-time evaluation system were utilized in this study. 
The global rating score of the OSATS was compared with 
the global rating score of the real-time evaluation system.

Fig. 3  Google spreadsheet for real-time evaluation. In each part of the technical panel from ~Parachute to the other side, it consists of 7 
evaluation items. The final points of each part are entered by referencing the average scores of 7 evaluation items. The final score 
is the sum of technical points and composition points minus deductions 

Fig. 4  Selection and evaluation system of real-time competition 
(Off JT Olympic). The submitted videos were evaluated 
by OSATS, narrowed down to 4 to 8, and several border-
line videos were further compared in the real-time sys-
tem to determine the finalists. JT: job training; OSATS: 
Objective Structured Assessment of Technical Skills 
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Statistical analysis
Pearson’s product–moment correlation was used to 

analyze the comparison of global rating score between 
the OSATS and the real-time evaluation system. R ver-
sion 3.4.1 was utilized in this analysis.

Results

A total of 59 participants participated in the 4 consecu-
tive week competition. At the first nomination, 22 videos 
were borderline of elected and defeated, and these vid-
eos were examined. Some individual component scores 
could not be extracted because of overwriting of videos. 
The average score of the OSATS total score and OSATS 
general definition score was 38.3 ± 4.2 and 3.6 ± 0.5, 
respectively. On the other hand, real-time technical panel 
score, component score, deduction score, and real-time 
total score were 42.7 ± 3.5, 31.8 ± 2.8, 0.0 ± 0.1, and 
74.5 ± 6.3, respectively. When examined the relationship 
between the OSATS total score and real-time total score, 
there was a significant correlation (R = 0.752, p <0.001) 
(Fig. 7A). The OSATS general definition score and the 
real-time total score also showed a strong correlation 
(R = 0.733, p <0.001) (Fig. 7B).

Discussion

It is crucial for surgeons to receive surgical training. 
Although there are off-the-job training and on-the-job 
training, on-the-job training is limited because it needs 
patients, and it might be harmful if a surgeon is not 
enough skillful to perform the procedure. While the ben-
efits of off-the-job training are many and varied, such as 

Fig. 6  Officially adopted equipment for the real-time com-
petition. Anathon A-1 kit (A), coronary arterial model 
( YOUCAN-SD) (B), graft model (ITA graft EXF) (C), and 
7-0 polypropylene sutures (D) from EBM Corporation 

Fig. 5  A scene from the real-time competition in Zoom. The scores for each component and the final score were 
displayed. Feedback for the competitor was given by the evaluators and judges 
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being able to do it anytime, anywhere, and as many times 
as you want, you need a good simulator to receive more 
advanced training.

Under such circumstances, various simulators have 
been developed and used in the field of CV surgery, and 
their usefulness has been reported.1,4,6,7) Among them, 
we have conducted numerous on-site trainings using 
the BEAT YOUCAN simulator and OSATS evaluation 
sheet.4) As a result, we succeeded in instructing many 
surgeons, but it became difficult to continue due to the 
influence of COVID-19.

At that moment, the Japanese Association for Cor-
onary Artery Surgery asked us to perform the compe-
tition of coronary artery anastomosis online. Because 
we could not evaluate until finishing an anastomosis if 
we use the OSATS evaluation sheet, we came up with 
the idea of real-time assessment system to evaluate an 
anastomosis by getting inspiration from the ISU Judging 
System.5) Therefore, we created a new real-time evalu-
ation table by dividing the evaluation items of OSATS, 
which have been used for many years, into a technical 
panel that evaluates in real time like ISU and compo-
nents that evaluate the finish. The results from this study 
showed a good correlation with the OSATS evaluation 
sheet, suggesting the usefulness of this evaluation sheet. 
However, this study is still a trial, and we believe that it 
will become a more practical evaluation sheet by con-
tinuing to use it and further improving it based on the 
feedback from trainees and evaluators.

Conclusions

We developed a real-time assessment sheet to eval-
uate coronary anastomosis. This assessment sheet had 
a good correlation with the OSATS evaluation sheet.
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