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INTRODUCTION:

Surgeons who have higher levels of technical skill have significantly lower rates of
complications, patient mortality and hospital costs.!: ? Therefore, looking at ways to rate, track,
and improve surgeon performance is important as it could improve patients’ safety and hospital
efficiency. There are two main scoring systems to evaluate surgeon technical skill level that have
been extensively validated in the literature - the Objective Structured Assessment of Technical
Skill grading scale (OSATS, Appendix A) and the Global Evaluative Assessment of Robotic
Skills grading scale (GEARS, Appendix B).*4

Currently, the only method to assess and score surgeon skill level is through video review
using human raters. This process is costly, and both time and labor intensive. Therefore, video
rating of surgeon performance has not become widespread standard of practice, despite its many
benefits.

One solution is the use of a multi-task convolutional neural network (mtCNN). A mtCNN
can predict multiple, independent outcomes (ex. predicting 6 GEARS domain scores). Our pilot
study using a prostatectomy anastomotic model found that assessment of surgeon skill using
GEARS can be reproduced with high accuracy using human expert review as the gold standard.
We wish to broaden the use of mtCNN to “real” surgeries and attempt to correlate surgeon skill to
patient outcomes. The objective of this project is to train and evaluate a mtCNN to predict surgeon

technical skill and patient outcomes in robotic partial nephrectomy (RPN).

METHODS:
RPN cases between January 2016 and December 2019 are automatically recorded at our

institution onto a secure cloud network and are downloadable for educational/research purposes.
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We reviewed these recorded cases and identified all T1 tumors for inclusion in the project. We
excluded primarily cystic tumors, as they proved to be too technically challenging to rate
reproducibly according to the OSATS and GEARS criteria. Video analysis and rating was focused
on the tumor resection and renorraphy steps given they are the most difficult steps and directly
affect oncological outcomes.

Each patient case was separated into three separate sections during which surgeon skill
levels were rated separately — the tumor resection, the renorraphy, and the bolster step. Many of
these cases included more than one surgeon operating at different stages of the cases, so surgeon
switching was noted and documented to score each surgeon separately. OSATS and GEARS
scores were assigned for each of the three case sections, and if more than one surgeon operated
during that section, individual OSATS and GEARS score were assigned for each participating
surgeon.

Information on patient demographics, clinical tumor stage, RENAL nephrometry score,
tumor location, and pre- and post- operative blood work was also collected, along with
perioperative data, final pathological stage, histology, positive margin status, biochemical
recurrence and date of last follow up. Data on the operating surgeon such as surgeon type (faculty,

fellow or resident), fellowship trained and years in practice was also recorded.

PRELIMINARY RESULTS:

To date, 34 RPN videos have been rated. The mean OSATS score for the tumor resection
step was 30.8/35 (standard deviation 2.8, range 24-35), and the mean GEARS score was 26.7/30
(standard deviation 2.5, range 21-30). For the renorraphy step, the mean OSATS score was 31.6/35
(standard deviation 2.4, range 26-35) and the mean GEARS score was 26.6/30 (standard deviation
2.2, range 22-30). Finally, the mean OSATS score for the bolster step was 31.6/35 (standard
deviation 2.7, range 26-35), and the mean GEARS score was 26.4/3( (standard deviation 2.5, range
21-30). The vast majority of the cases (30/34, 88%) did have more than one surgeon operating
throughout various portions the patient case; the scores for each of these surgeons were counted
separately in the analysis. Preliminary data has also been shared with our computer science
colleagues at Southemn Methodist University (SMU) in Dallas, TX who will oversee the machine
learning aspect of the project and training of the mtCNN.
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PRELIMINARY DISCUSSION AND CONCLUSION:

Currently, we are completing the human rating portion of building the mtCNN for rating
technical skill in RPN. Preliminary data has been promising for building our mtCNN. Our primary
aim is that our mtCNN will be able to reliably and accurately score surgeon technical skill in RPN,
generating similar OSATS and GEARS scores to those that would be assigned by an appropriately
trained human rater. Once built and validated, the final goal will be to create a surgeon report card

to help improve surgeon technical skill.

FUTURE DIRECTIONS:

The next step in this project is the training of the mtCNN, using the human rated videos as
ground truth and then validating the mtCNN with additional cases. This portion of the project will
be carried out by out computer science/machine learning colleagues at SMU. Preliminary data has
been shared with them, and we will continue to share data with them as more videos are rated. My
work in the project will be ongoing, as the 34 videos rated thus far are only a small fraction of the
several hundred cases we have available. We have also applied for funding to the Intuitive Surgical

Technology Grant. The results of this grant will be known later this year.
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APPENDIX A: Objective Structured Assessment of Technical Skills (OSATS) Rating Scale *

GLOBAL RATING SCALE OF OPERATIVE PERFORMANCE
Please arcle the number corresponding to the ecandidate’s performance in each category, irrespective of training level

Respect for ;illﬂu :

1

Proquently used unnecossary Careful handling of tissue Consistently handlod tissue
force on tissue or cavsod damage but cccasionally caused appropriatoly with minimal
by inappropriate use of instruments inadvertont damago damage
Time and Motion -
1 3 [
Many unnocessary moves Efficient ime/motion Cloar economy of movement

but some unneccessary moves

and maximum sfficiency

Instrument l_hndllnn :
1

Repeatedly makes tentative or Compotent use of instruments Fluid moves with instruments
awkward moves with instrumenta but occasinnally appeard and no awkwardness
by inappropriato use of mstrumonts stafl or awkward

Knowledge of Instruments :
1

8

Frequently asked for Knew names of most Otwivusly familiar with the
wrong instrument or used instruments and used mstruments and their names
inappropriate instrument appropriate instrumont
Flow of Operation :
1 3 .3
Frequontly stopped operating Domonstrated some forward Obvously planned course of
and seemed unsure of next move planning with reasonable operation with effortiess flow
progresaion of procedure from one move to the noxt
Use of Assistants :
1 3 5
Consistently placed assistants poorly Appropriato usc of assistants Strategically usod assistants
or failed to uso assistants most of time to the bast advaniage at all tine
Enowledge of Specific Procedure
1 3 5
Deficient knowledge. Necded Knew all important Demonstrated famihsrity with
specific instruction at most stops staps of operation ull aspects of operation
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APPENDIX B: Global Evaluative Assessment of Robotic Skills (GEARS) Rating Scale ¢

Depth perception

1 3 5
Constantly overshoots Sorme overshooting or Accurately directs
target, wide swings, missing of target, but instruments in the
slow to cormect quick to correct correct plane to target

Bimanual dexterity

1

3

5

Uses only one hand,
ignores nondominant
hand, poor coordination

Efficiency

Uses both hands, but
does not optimize
interaction between
hands

Expertly uses both
hands in a
complementary way to
provide best exposure

1

3

5

Inefficient efforts;
many uncertain
movements; constantly

Stow, but planned
movements are
reasonably organized

Confident, efficlent and
safe conduct, maintains
focus on task, fuid

changing focus or progression
persisting without
progress
Force sensitivity
1 3 5

Rough moves, tears
tissue, injures nearby
structures, poor
control, frequent
suture breakage

Autonomy

Handles tissues
reasonably well, minor
trauma to adjacent
tissue, rare suture
breakage

Applies appropriate
tension, negligible
injury to adjacent
structures, no suture
breakage

1

3

5

Unable to complete
entire task, even with
verbal guidance

Robotic control

Able to complete task
safely with moderate
guidance

Able to complete task
independently without
prompting

1

3

5

Consistently does not
optimize view, hand
position, or repeated
collisions even with
guidance

View s sometimes not
optimal. Occaslonally
needs to relocate
arms. Occasional
collisions and
obstruction of

assistant,

Controls camera and
hand position optimally
and independently.
Minimal collisions or
obstruction of assistant




