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Participants

• 3 month: 56.7% of patients achieved urinary continence after surgery

• 6 month: 73.3% of patients achieved urinary continence after surgery

Site 1 Site 2 Total
# Patients 116 77 193

# Surgeons 11 9 20
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Incontinent vs Continent at 3 month

Pre-op features Incontinent 
(N = 78)

Continent
(N = 102) p value

  Age year 66.6±7.1 64.2±6.7 0.02
  BMI kg/m2 28.9 (25.6 - 31.4) 26.9 (25.4 - 29.4) 0.02
  ASA  3 (2 - 3) 2 (2 - 3) <0.01
  PSA ng/mL 7.3 (5.4 - 10.6) 7.5 (5.9 - 10.3) 0.9
  pre-op Gleason score 7 (7 - 7) 7 (7 - 7) 0.3



Center of Robotic Simulation and Education

Incontinent vs Continent at 3 month

Pre-op features Incontinent 
(N = 78)

Continent
(N = 102) p value

  Age year 66.6±7.1 64.2±6.7 0.02
  BMI kg/m2 28.9 (25.6 - 31.4) 26.9 (25.4 - 29.4) 0.02
  ASA  3 (2 - 3) 2 (2 - 3) <0.01
  PSA ng/mL 7.3 (5.4 - 10.6) 7.5 (5.9 - 10.3) 0.9
  pre-op Gleason score 7 (7 - 7) 7 (7 - 7) 0.3



Center of Robotic Simulation and Education

Pathologic features Incontinent
(N = 78)

Continent
(N = 102) p value

  Pathological tumor stage <0.01
pT2 27 (32.93%) 55 (67.07%)
≥pT3 49 (52.69%) 44 (47.31%)

  Post-op Gleason score 7 (7 - 7) 7 (7 - 7) 0.23#

  Prostate volume (g) 51 (40 - 67) 43.5 (36 - 55) <0.01#

  Positive surgical margin 0.46
no 65 (42.21%) 89 (57.79%)
yes 13 (50%) 13 (50%)

Incontinent vs Continent at 3 month
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Pre-op features Incontinent 
(N = 47)

Continent
(N = 129) p value

  Age year 67.5±6.8 64.6±6.7 0.01
  BMI kg/m2 28.7 (27 - 33.1) 27.2 (25.4 - 30.1) 0.01
  ASA 2 (2 - 3) 2 (2 - 3) 0.01
  PSA ng/mL 7.8 (5.9 - 11.1) 7.4 (5.8 - 10.2) 0.30
  pre-op Gleason score 7 (7 - 7) 7 (7 - 7) 0.43

Incontinent vs Continent at 6 month
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Pathologic features Incontinent
(N = 47)

Continent
(N = 129) p value

  Pathological tumor stage 0.04
pT2 16 (19.51%) 66 (80.49%)
≥pT3 30 (33.33%) 60 (66.67%)

  Post-op Gleason score 7 (7 - 7) 7 (7 - 7) 0.13
  Prostate volume (g) 50.5 (40 - 64) 45 (37 - 58) 0.06
  Positive surgical margin 0.07

no 37 (24.34%) 115 (75.66%)
yes 10 (41.67%) 14 (58.33%)

Incontinent vs Continent at 6 month
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Prediction Accuracy

Random Forest 10-fold cross validation 
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Random Forest 10-fold cross validation 

Prediction Accuracy

Combined
AUC 0.74

Clinical
AUC 0.71

APMs
AUC 0.73 
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AUC 0.67

Clinical
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APMs
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Predict Urinary 
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recoverySurgeon factors
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Predictive Features – 3 mo continence

Surgeon + Patient
AUC 0.74 The top 75 predictive features were surgeon factors!
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How do
patient factors 
impact APMs’ 
predictive ability?



Center of Robotic Simulation and Education

Automated 
performance 

metrics 
(APMs)

0.2

0.1

0

-0.1

-0.2

Anterior�Bladder�Neck�Dissection

Seminal�Vesical�Dissection

Posterior�Plane�Dissection

Left�Neurovascular�Bundle�Dissection

Right�Neurovascular�Bundle�Dissection

Apical�Dissection

Posterior�Vesicourethral�Anastomosis

Anterior�Vesicourethral�Anastomosis

Left�Lymph�Node�Dissection
Right�Lymph�Node�Dissection

Patient factors

β�value



Center of Robotic Simulation and Education

1st and 2nd column: 

APMs’ predictive ability 
unadjusted and adjusted by 
all patient factors

Unadjusted
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The predictive ability of 
most APMs remained stable 
after adjusting important 
patient factors
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All�adjusted
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• 33 APMs by primary surgeon were found to be predictors of continence 
recovery (univariate analysis)

• 82% (27/33) of these APMs remained significant predictors after adjusting 
for all relevant patient factors
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Effect modification

High BMI

Low BMI

Whole Cohort
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Effect modification

High BMI

Low BMI

Urinary 
continence
recovery

APMs
Different Strength of 

Associations in Subgroups
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Effect modifiers
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Take home points

• We can utilize surgeon factors (APMs) and patient factors to predict 
urinary continence recovery after RARP

• While some patient factors have a confounding effect on APMs’ ability 
to predict continence, most APMs are still independent predictors

• Select patient factors, at their high/low ends, have differing effects on 
APMs’ ability to predict continence (effect modifiers)
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