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Introduction Dataset: Manual annotation of the spatial bounds of _m

Grasper 99.03% 82.14%

| T | 2600 images from videos of laparoscopic gastric band ook —— 99,799, DTR of Grasper 8.98 2.12
Surgical 1performance is directly related to patient insertion. Dataset split into 2100 images for training and °0 SR 120 DTR of Curved Tips 13.88 13.94
. . L . . 0 0
outcomes™. There is significant variation in surglFaI 500 images for validation. Retra_cmr >7.94% 100.00% DTR of Needle Holder 11.54 13.83
performance and therefore a need to measure operative Gastric Band 95.68% 91.00%

. _ . . _ . . Smoothness of Grasper 41.53 42.18
skill .accurately and reliably. Despite this, current means. of Instrument Detection: A deep learning instrument Curved Tips 64.50% 98.79% Smoothness of Curved Tips 43 98 44 .47
surgical performance assessment rely on expert observation detection framework was based on Mask R-CNNZ, a state- Needle Holder 91.59% 99.42% Smoothness of Needle Holder 2159 247 71
which is labor-intensive, prone to rater bias and unreliable. of-the-art object detection algorithm. Videos or images Scissors 50.57% 100.00% cmoothness of Scissors 27'03 52.06
Deep learning has the potential to process large amounts of are Inputted and the framework outputs a mask around Curved Grasper 38.60% 78 .57% ' '
surgical data and present rapid, objective, and automatic the detected instrument, the classification of the object, Table 1. Instrument classification results Concentration of Curved Tips 137.73 158.49
operative skill assessment. and the coordinates of a bounding box. Table 2. Instrument metrics for Stage 3 (Insertion of gastric band)

, , Expert Trainee
We present a deep learning based approach to surgical Workflow Analysis: A Markov chain, based on the results = T =
performance assessment through the tracking of of the instrument detection model, was modelled to :

instruments in endoscopic video.

divide the procedure into four stages: port insertion;
formation of the retrogastric tunnel; gastric band

Instrument Metrics: 5 assessment indicators based on

Instrument Workflow Instrument instrument detection results were designed: time spent
Dataset : ! : : ] : : :
Detection Analysis Metrics in stage; instrument time; moving distance; smoothness

of movement: and concentration of movement.

Hook

Figure 1. Framework of approach Figure 4. Trajectory map of instruments in Stage 2 (Formation of retrogastric tunnel)

Figure 3. Example images of instrument detection results. Rows 1-2 show correct

“ instrument detection results. Row 3 shows incorrect instrument detection results ConCI usions

Preliminary results of instrument metrics were able to We present a novel annotated dataset of 2600 surgical
A mean average precision of 83.9% for correct detection differentiate expert and trainee surgeons. The trainee images, demonstrate a deep learning framework for
was achieved demonstrating excellent mask coverage had a larger distance travelled for the grasper and hook instrument detection, and leverage this to generate
ability. Classification recall for the grasper, gastric band in addition to a larger distance-time ratio (DTR) instrument metrics for performance assessment. Future
and hook were 99%, 96% and 78% with precision of 82%, translating to inferior instrument movement efficiency. work will focus on further development and validation of
Figure 2. Architecture of object detection algorithm, Mask R-CNN 91% and 100% respectively (Table 1) (Table 2) these metrics.
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