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Abstract

Background—Standards for detection of adenomas during screening colonoscopy are widely 

used to measure examination quality. No such standards exist for sessile serrated adenomas.

Objective—To measure both the adenoma detection rate (ADR) and sessile serrated adenoma 

detection rate (SSADR) during screening colonoscopy before and after quality improvement/

financial incentive measures.

Design—Retrospective determination of baseline ADR/SSADR by the endoscopist, followed by 

prospective collection of data after informing physicians of baseline detection rates.

Setting—Tertiary cancer center with large cancer screening program.

Patients—A total of 2833 average-risk colorectal cancer screening patients ages 50 to 75 

undergoing initial colonoscopy.

Interventions/data collection—Electronic medical record for indication and demographics, 

endoscopy report and pathology report.

Main outcome measurements—Detection rates of adenomas and sessile serrated adenomas 

by gender.

Results—Overall ADR in males and females was 50.6% and 36.6%, respectively. Overall 

detection of advanced adenomas in males and females was 12.4% and 6.5%, respectively. Overall 

SSADR in males and females was 10.1% and 7.1%, respectively. In 108 patients (3.8% of entire 
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group) SSAs were the only premalignant lesions found. Detection rates of both types of 

premalignant polyps improved over time but did not reach statistical significance.

Limitations—Single-center experience with limited sample size and small group of 

endoscopists.

Conclusions—ADRs far in excess of current standards are achievable. Cecal withdrawal time is 

associated with ADR. Prevalence of SSA rivals that of advanced adenomas and is greater than 

current medical literature suggests. The combination of monitoring and financial incentives did 

not result in statistically significant improvement in ADR.

INTRODUCTION

Current standards for adenoma detection rates (ADRs) of 25% in men and 15% in women 

during screening colonoscopy were established based on studies published in an era before 

the availability of high definition colonoscopes, electronic chromoendoscopy (eg, 

narrowing-band imaging) and widespread utilization of split bowel preps. [1–7] Recent 

reports from multiple practice settings demonstrate ADRs significantly above the standards 

suggesting that the bar has been set too low.[8, 9] However, such reports are not universal as 

other studies report ADRs barely exceeding the current standards.[10–12] The limited 

ability of colonoscopy as frequently performed to detect many adenomas was brought out by 

the tandem colonoscopy studies.[13] Missed adenomas would provide an explanation for the 

incomplete protection from colon cancer provided by colonoscopy and the failure to 

approach the cancer reduction rates projected in the National Polyp Study.[14, 15]

The shortfall in colonoscopy’s ability to reduce colon cancer rates is particularly striking in 

the right colon.[16, 17] This has been attributed in part to flat lesions, such as, sessile 

serrated adenomas (SSA), whose cancer risks have only recently received widespread 

attention.[18–20] Although SSAs are well described in the pathology literature, their natural 

history is poorly defined. Their prevalence is unclear but is estimated to be less than 2%.[21] 

Despite the growing significance of SSAs, no standards exist to inform the endoscopist if 

their detection rate is adequate. The implicit assumption is that an endoscopist with adequate 

ADR will have a suitable detection rate for SSAs.

Our aim was to assess the detection rates for both adenomas and sessile serrated adenomas 

in screening average risk patients to determine if their detection rates were correlated. As 

these data were collected as part of a quality improvement effort, an additional objective was 

to determine the impact of informing endoscopists about their individual detection rates on 

future performance.

METHODS

Patients

Data was collected from all first time screening colonoscopies in average risk individuals 

45–75 years of age from July 2010 through May 2013. The Endoscopy Center at MD 

Anderson Cancer Center is open access with patients referred for screening colonoscopy 

from their primary oncologic service or through Cancer Prevention Center. The latter 
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patients were frequently evaluated by gastroenterology mid-level providers before their 

procedures. Screening examinations were identified by manual review of all colonoscopy 

reports performed during the study period by three of the authors (ST, MS, and WR). If a 

colonoscopy report was identified as a potential screening examination, clinic notes 

preceding the procedure date were reviewed to verify that the colonoscopy was the first for 

the patient and that no symptoms or conditions were prompting the examination. Patients 

were excluded if they (1) were suspected of having a colon cancer syndrome based on 

family or personal history of cancer, (2) had multiple first-degree relatives with colon cancer 

history or 1 first degree relative <45 years of age at time of diagnosis of colon cancer, (3) 

personal history of Crohn’s disease or ulcerative colitis, (4) had prior colonoscopy or (5) had 

prior colon resection. Demographic, clinical, and endoscopic data were entered into a secure 

database. Initially the data collection was part of a QA/QI project and IRB approval was not 

required. However, as data collection was proving labor intensive, a broader initiative was 

undertaken to develop a means to automate the data collection as much as possible. So, IRB 

approval was obtained from the University of Texas MD Anderson Cancer Center with the 

current study forming the baseline data set to serve as a standard for a subsequent electronic 

neoplastic polyp detection rate monitoring system based on Natural Language processing. A 

waiver of consent was obtained from the IRB.

Procedure

Colonoscopy was performed following a standard split dose preparation regimen established 

in 2009.[22] Quality measures being actively monitored at time of study were cecal 

withdrawal time and cecal intubation rates. For the purposes of this study cecal withdrawal 

time was calculated only on examinations with no polyps. All procedures were performed 

with Olympus Series 180 colonoscopes (Center Valley, Pennsylvania) that have narrow-

band imaging capability. Use of narrow-band imaging and distal cap attachment was left to 

the individual endoscopist’s discretion. Procedural reports were generated using a standard 

template using Endoworks software (Olympus America Center Valley, Pennsylvania). 

Incomplete examinations due to bowel prep or technical difficulty were included. A total of 

13 gastroenterologists performed 90 or more screening colonoscopies during the study 

period and are included in the analysis.

Pathology

Specimens were reviewed by a group of nine academic gastrointestinal pathologists who 

were assigned to read specimens on a schedule that varied month by month. For the 

purposes of this study pathology results were taken from original pathological reports, no 

review of earlier results was done. Polyp submission method, either as individual polyps in 

each container or batched, was left to the individual endoscopists. If multiple polyps were 

submitted in 1 container but a number not specified, it was assumed to have 2 polyps. 

Endoscopists were performing procedures on a set weekly schedule. Polyp size was 

determined from the pathology report. Select cases are routinely reviewed at a weekly 

pathology conference. Polyps not retrieved after removal were considered to be non-

neoplastic.
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Incentive and Quality Improvement Program

In February 2012 all physicians were given their individual ADRs and SSA detection rates. 

In addition, they were given data on the performance of the group overall, as well as, de-

identified individual data of all group members. At the same time a clinical performance 

incentive program for fiscal year 2012 (ending August 31, 2012) was revealed with bonus 

payments dependent in part on individual ADR. Half the incentive was based on individual 

productivity but to be eligible to participate a normalized ADR of 30% was needed on 

screening examinations. Another quarter of the incentive was based on achieving an ADR of 

35% or higher. No incentive program was offered the following fiscal year. Endoscopists 

did not receive updated ADR reports and data collection continued until May 2013.

Statistical methods

Descriptive analysis was performed using means and standard deviation for continuous 

measures. Correlations were determined by the method of Pearson. Mean adenoma per 

procedure (MAP) was calculated by dividing total number of adenomas removed by total 

number of screening examinations performed by individual endoscopist. The variable 

gender mix of the various endoscopist’s practices was taken into account by calculating 

separate male and female ADRs, as well as, a normalized ADR assuming a population that 

was gender balanced (half male and half female). Confidence intervals were calculated for 

normalized ADR as recommended by Do et al.[23] Comparisons of detection rates for 

significance were by the Fisher exact test. Logistic regression was performed to assess 

predictors of ADR and SSA detection using Stata software, version 13.1 (Stata Corp, 

College Station, TX). Covariates included in the analysis were patient factors: age, gender, 

race, body mass index (BMI) and physician factor: years of practice post training.

RESULTS

Demographics

A total of 2833 patients underwent first time colonoscopy during the study period. This 

represents approximately 18% of colonoscopy volume in our laboratory over the time period 

and most of the patients were women (n=1830; 64.6%). whites made up 68% of the group, 

followed by African-Americans (12.7%), Hispanics (11.2%) and Asians (8.1%). The mean 

age of the study group was 55 years with an average BMI of 29. Family history of colon 

cancer in 1st degree or 2nd degree relatives was present in 283 patients, 10% of the total.

Adenoma detection rate

Adenomas were found in 1189 patients for an overall ADR of 41% (men, 50.6%; women, 

36.6%). Assuming a gender balanced population, the normalized ADR was 43.6%. The 

ADR range in men was 29.3–66.1%, whereas in women the range was even larger 14.5–

57.4% (Table 1). The male ADR median was 53.1% with interquartile range (IQR) 64.8–

36.5%. Female median ADR was 38% with IQR 43–25.7%. The median normalized ADR 

was 46.9% with an IQR of 51.1–31.2%. Multivariate analysis was performed to determine 

factors associated with ADR. The expected factors such as age, male gender and obesity 

were significant with odds ratio (OR) 1.04 [1.02–1.05], 1.71 [1.46–2.01], and 1.31 [1.07–
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1.59] respectively. Race was not significant. Years since fellowship had a weak but 

statistically significant inverse relationship with ADR, OR=0.98 [0.97–0.99]. The average 

BMI of each endoscopist’s patient group was not correlated with their ADR, R=0.15.

The overall advanced adenoma detection rate was 8.6% (men, 12.4% and women, 6.5%). 

The correlation between ADR and advanced adenoma detection was 0.61. Mean adenoma 

per procedure (MAP) for the overall study group was 0.81 (men, 1.13 and women, 0.63) 

(Table 2). The correlation between normalized ADR and normalized MAP was 0.93.

Serrated adenoma detection rate

The overall sessile serrated adenoma detection rate was 8.2% (men, 10.1% and women, 

7.1%). The range of normalized sessile serrated detection rates was 1.2% to 22.1% (Table 

3). The median SSA detection rate was 7.39% with an IQR of 12.12–4.68%. The correlation 

between ADR and SSA detection rates was 0.78. Yet the disparity between SSA detection 

rates is greater than for ADRs (Figure 1). Three endoscopists had SSA detection rates higher 

than 14% and account for almost half of the SSA lesions detected (112 of 231) yet 

performed only 24.7% (702) of total screening colonoscopies. They also have the highest 

ADRs with an average normalized rate of 56.7%. Four endoscopists had normalized ADRs 

in the 47–51%, more than twice the current standard and above the average for the group, 

with an average normalized SSA detection rate of 8.1% slightly lower than the overall 

group’s rate. Excluding the three endoscopist with highest SSA detection rates lowers the 

group’s SSA detection rate to 5.6%.

A multivariate analysis was performed to evaluate factors associated with SSA detection. 

Patients with sessile serrated adenomas are more likely to be male and less likely to be 

African American or Hispanic as compared to Whites. There was no difference by age or 

BMI. The endoscopists’ years of experience after fellowship was inversely associated with 

SSA detection but the effect size was small (OR 0.98; 95% CI, 0.97 – 1.00). A slight 

majority of SSA patients also had adenomas. Comparing patients with both types of 

neoplastic polyp to SSA patients without adenomas shows that patients with both types are 

more likely to be male, older and heavier. However, it should be noted that for 108 patients, 

3.8% of the total group, SSAs were the only neoplastic lesion found.

Correlation between average cecal withdrawal time and ADR is 0.69 with a trend toward 

increasing ADR with increasing time for withdrawal (Figure 2). For SSA detection rate the 

correlation with cecal withdrawal time is lower at 0.53. Beyond 13–14 minutes the 

increment in ADR appears to diminish. Correlation between ADR and obesity was assessed 

for both males and females. For males r=−0.02 and for females r=0.20.

To evaluate if our patient population differed significantly from those in other screening 

programs we separated our patients into those with a non-colon cancer history and those 

without any cancer diagnosis. Table 4 shows that ADRs were well above standards in both 

males and females without cancer. Those patients with a non-colon cancer history had 

slightly higher ADRs but were also older with the age difference being statistically 

significant for both genders (p<.0001) whereas ADR differences did not reach statistical 

significance. The SSA detection rate in males was comparable between those with or 
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without a cancer history. However, in females those without a cancer history had a 

statistically higher rate of SSA detection.

Both overall ADR and sessile serrated adenoma detection rates increased over time for both 

genders following the distribution of both individual and group ADR data (Table 5). 

However, although the increases were encouraging, they did not reach statistical 

significance.

DISCUSSION

Our data shows that it is possible to achieve ADRs more than double the current standard in 

both men and women in our screening population. The benefits of ADRs well above the 

standards have been recently demonstrated by Corley et al who found reduction in interval 

cancer occurrence associated with higher ADR.[24] Adherence to the current standards has 

the potential for over half of the patients with adenomas to leave the endoscopy unit with 

their adenomas having been missed with inappropriate follow-up instructions with an 

attendant elevated risk for interval cancer development.

In this study, the overall SSA detection rate was 8.2% comparable to the rate of advanced 

adenoma detection. Endoscopist using the estimated prevalence of 2% as their goal for SSA 

detection can be missing 75% or more of the patients with these lesions.

The variability in SSA detection rates far exceeded that in ADR (18:1 vs. 3:1). Normalized 

ADR greater than 40% did not necessarily translate into above average SSA detection. 

However, the very high ADRs (54–61%) seen in those with SSA detection rates of 10% or 

more argues that those adept at SSA detection are also excellent in adenoma detection, a 

correlation seen with flat polyp detection as well [25]. This suggests that training directed 

toward detection of SSA that tend to be subtle and flat would lead to enhancement of ADR.

Improving neoplastic polyp detection rates remains a challenge.[26] Our unit introduced 

universal split prep regimen and narrow-band imaging in late 2009. Although data for 

increased ADRs with split preps is consistent, the utility of narrow-band imaging in 

promoting adenoma detection is unclear as reports are conflicting.[27–30]. Clearly taking 

more time on withdrawal is essential but not sufficient. This benefit appeared to have a 

plateau effect beyond 10 minutes in the study by Lee et al and 13 min in our data.[31] 

However, time alone is not enough as previous attempts to mandate a withdrawal time 

length did not improve ADR and little correlation with ADR was seen with cecal withdrawal 

times within a limited range, 6–11min.[32, 33] However, our data and that of Lee TJW et al, 

2013 would argue that the ideal withdrawal time is 10 minutes or more.[31] In addition to 

time, the quality of colonoscopic examination is critical to improve ADR. High quality 

technique focused on cleaning and diligent inspection during withdrawal as assessed by 

video recording has been shown to correlate with higher ADR.[34]

Informing endoscopists of their performance has had mixed effects on subsequent 

performance.[35–37] In general, interventions to enhance ADRs have had little to no effect 

[26]. This includes tying productivity bonuses to ADR as mirrored in our experience. Still 

the time trends in our group were favorable for ADR and SSA detection in both sexes, 
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although differences did not reach statistical significance and were quite modest for SSA 

detection in males. Some may view demands for enhanced productivity and higher ADR 

standards as opposing goals, but our data argues that the 2 aims can be compatible.

Focusing exclusively on non-sessile serrated adenoma detection misses the significant 

number of patients with SSA particularly those without a concomitant adenomas, 3.8% of 

the total study group.[38] Training endoscopists to find flat subtle lesions like sessile 

serrated adenomas may be the most fruitful path to take to improve overall detection of 

neoplastic lesions. The four individuals with higher than average SSA detection rates had 

high average normalized ADR of 54.2%. Putting the focus on detection of a relatively new 

lesion is possibly less threatening to endoscopists particularly those who argue that they 

have been finding adenomas for decades. We have initiated a training program focused on 

detection of SSAs to reduce our variation in detection rates using the best practices of our 

high detectors. This will consist of video demonstration, as well as, didactic lectures.

Strengths of this paper include the fact that it reflects the work of a dedicated group of 

gastroenterologist using a comprehensive approach to the preparation and evaluation of 

patients for screening colonoscopies. In addition, pathologic diagnoses are provided by an 

experienced group of gastrointestinal pathologists so that we are not relying on 

classifications like “proximal serrated lesion” to determine if a lesion is neoplastic. In 

addition, lesion size was based on pathological assessment and not endoscopic estimates that 

can inflate advanced adenoma detection rates.[39] Limitations are that it reflects the work of 

a small group in a single center and was collected in part retrospectively. Concerns that our 

patient population was somehow at higher risk for adenomas should be tempered with the 

analysis presented showing that even in patients without a cancer history our collective 

detection rates are far in excess of the current standards. In all likelihood the differences 

seen between cancer and non-cancer patients are due to the cancer history group being 

slightly older as significant changes in ADR are seen within 5 years as patient’s age. [40, 

41]. Nevertheless, we cannot totally rule out that our screening population has a higher 

adenoma prevalence than is typical. Additional limitations are the small sample size, lack of 

data on bowel prep scores, and lack of reliable data on onset of use of caps by those 

endoscopists using the device. Nevertheless, improving ADR performance can be straight-

forward for many practices. Greater utilization of split preps with educational efforts to 

enhance patient compliance is an important initial step to improving ADRs.[42] Spending a 

few additional minutes on withdrawal from the cecum could lead to further enhancement of 

both ADR and SSA detection.[43] Reviewing published reports on endoscopic appearance 

of SSAs will aid better recognition of these lesions as well.

In our screening population adenoma detection rates twice the current standard are 

achievable. If comparable adenoma prevalence rates exist in the general population 

undergoing screening, the current ADR standards create the potential for many high risk 

patients to be missed. Colonoscopy is not as effective a cancer prevention tool when used by 

poorly trained individuals nor in those who perform hasty examinations despite their 

training.[44] The fact that endoscopist miss adenomas, the lesion that has been the focus of 

decades of effort, makes it understandable that reported sessile serrated adenoma detection 

rates are so low. Our 8% SSA rate is 4 times that found in a recent review.[21] If other 

Ross et al. Page 7

Gastrointest Endosc. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



groups report comparable results for adenoma and SSA detection, the GI societies need to 

consider updating the ADR standards and to develop new standards for the detection of 

sessile serrated adenomas. The recent report by Corley et al on ADR and interval cancer 

rates adds impetus to the notion that pushing ADRs beyond the current standards is 

beneficial to patients [24]. Once detected, neoplastic lesions need to be removed completely, 

a particular problem with SSAs. [45]. Finally, effective programs to train endoscopist to 

detect SSA lesions must be created.
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TAKE HOME MESSAGE

• Adenoma detection rates (ADRs) twice as high as current standards are readily 

achieved. Sessile serrated adenoma detection rates are comparable to those for 

advanced adenomas.

• High ADRs does not assure above average detection rates for sessile serrated 

adenomas. Quality improvement initiatives can enhance detection rates of both 

types of polyps.
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FIGURE 1. 
Adenoma detection rate (ADR) compared with sessile serrated adenoma (SSA) detection 

rate for each endoscopist.

Ross et al. Page 12

Gastrointest Endosc. Author manuscript; available in PMC 2016 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



FIGURE 2. 
Adenoma detection rate (ADR) by average cecal withdrawal time during normal screening 

examinations in minutes.
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Table 3

Individual detection rates of SSA by gender and a normalized value

Doc Total SSA %M-SSA %F-SSA Normal SSA

A 37 20.00% 13.07% 16.54%

B 11 7.50% 7.41% 7.46%

C 34 29.03% 15.24% 22.14%

D 41 18.69% 11.05% 14.87%

E 17 5.31% 5.19% 5.25%

F 22 9.20% 9.52% 9.36%

G 8 5.36% 4.35% 4.86%

H 18 11.11% 5.70% 8.41%

I 1 2.44% 0.00% 1.22%

J 26 5.26% 5.90% 5.58%

K 5 1.96% 1.80% 1.88%

L 4 7.32% 1.81% 4.57%

M 7 8.33% 6.45% 7.39%

Total 231 10.07% 7.10% 8.58%
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Table 4

Demographic and polyp detection rates for those patients with no history of cancer and those with a non-colon 

cancer history

No Cancer History Non-colon Cancer History

N 1465 1368

Male Average Age 54.07 (5.28) 58.56 (7.00) p<.0001

Male ADR 48.5%(2.1%) 53.4% (2.4%) p=.13

Male SSA-DR 11.17% (2.6%) 8.7%(2.6%) p=.20

Female Average Age 53.98 (5.30) 55.77 (6.37) p<.0001

Female ADR 34.8% (1.6%) 38.4% (1.6%) p=.12

Female SSA-DR 8.7% (1.8%) 5.5%(1.5%) p=.01

SSA-DR = SSA detection rate confidence interval in parenthesis
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Table 5

Polyp detection rates before and after informing endoscopist of their individual rates as well as the group rates.

Jul 2010–Jan 2012 Feb 2012–May 2013

Male ADR 49.2% 53.1% p=.24

Female ADR 35.2% 38.5% p=.16

Male SSA detection 9.8% 10.6% p=.66

Female SSA detection 6.6% 7.9% p=.27
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