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ACE Tool for Colonoscopy 
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Supplemental Digital Appendix 3 

Statistical Analysis  

Cumulative sum (CUSUM) analysis was used to create individualized learning curves. A 

successful procedure was designated as s and failure as 1- s. The reward for a successful 

procedure(s) was less than the penalty for a failed procedure (1-s) and >1 success was needed to 

compensate for a failure. Acceptable failures rates (p0, level of inherent error if procedure is 

carried out correctly) and unacceptable failure rates (p1, where p1- p0 represents the maximum 

acceptable level of human error, score <3) were set at 0.1 and 0.2, respectively. CUSUM graphs 

were constructed to assess overall colonoscopy and EGD performance based on these 

predetermined rates. The CUSUM scores were calculated from the probabilities of success, p0, 

and the probabilities of failure, p1, as such: s = Q / (Q + P) where P = 1n (p1/p0) and Q = [(1-p1) 

/ (1-p0), where n equals the number of procedures performed. As such, s = 0.15, and 1 – s = 0.85 

when p0 = 0.1 and p1 = 0.2.     

 

CUSUM curves were created by plotting the cumulative sum after each case against the index 

number of that case.  Cn was the sum of all individual outcome scores and the CUSUM graph 

depicts when Cn crosses a predetermined decision interval, H. H0 represents the value between 

each acceptable decision interval and H1 the value between each unacceptable decision level and 

are marked as horizontal lines on the graph. These limits are calculated based on the risk for type 

1(α) and type II (β) error which was set at 0.1 for this analysis. Formulae for H0 and H1 were: 

H1 = a / (P + Q) and H0 = b / (P + Q), where a = 1n [(1-β) / α] and b = 1n[(1-α) / β]. When the 

CUSUM plot crossed below the acceptable line, the performance was acceptable and when the 

plot was between the two boundary lines, no conclusion could be drawn and further training was 

recommended.  Aggregate learning curves were created by year of training using generalized 

linear mixed effects models with a random intercept for each trainee and an auto-regressive 

covariance structure. This allowed for compilation of trainees’ data to estimate “average” 

learning experiences and achievement of competency with 95% CIs by year of training. 
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Supplemental Digital Appendix 4 

Participating Gastroenterology Fellowships 

Program Name Location 

University of Colorado Aurora, CO 

University of California, Irvine Irvine, CA 

Drexel University Philadelphia, PA 

University of South Alabama Mobile, AL 

University of Texas Health, San Antonio San Antonio, TX 

Northwestern University Chicago, IL 

Washington University in St. Louis St. Louis, MO 

Providence Park Hospital Southfield, MI 

State University of New York Downstate Brooklyn, NY 

Advocate Lutheran General Hospital Park Ridge, IL 

University of Wisconsin, Madison Madison, WI 

Oschner Clinic New Orleans, LA 
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Supplemental Digital Appendix 5 

Breakdown of Interventions Performed in EGD and Colonoscopy 

Interventions 1st Year Trainees 2nd Year Trainees 3rd Year Trainees 

EGD 

Dilation 3.4% 5.6% 7.1% 

Band Ligation 2.4% 4.3% 3.8% 

Hemostasis 3.1% 1.9% 2.5% 

Submucosal Injection 1% 1% 1.7% 

APC 1% 0.9% 0.8% 

PEG Tube 0.9% 0.9% 1.3% 

Other 2.7% 2.8% 2.9% 

Colonoscopy 

Snare Polypectomy 21.7% 32.4% 30.1% 

Submucosal Injection 2.8% 4.2% 2.9% 

Hemostasis 2% 3.5% 2.2% 

APC 0.6% 1.2% 0.7% 

Other 0.6% 0.8% 1.8% 

APC: argon plasma coagulation; PEG: percutaneous endoscopic gastrostomy. 


