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QUALITY INDICATORS FOR GI ENDOSCOPIC PROCEDURES

      Colonoscopy is widely used for the diagnosis and treatment 

of colon disorders. Properly performed, colonoscopy is gene-

rally safe, accurate, and well-tolerated. Visualization of the 

mucosa of the entire large intestine and distal terminal ileum 

usually is possible during colonoscopy. Polyps can be removed 

during colonoscopy, thereby reducing the risk of colon cancer. 

Colono scopy is the preferred method to evaluate the colon in 

most adult patients with large-bowel symptoms, iron defi ciency 

anemia, abnormal results on radiographic studies of the colon, 

positive results on colorectal cancer (CRC) screening tests, post-

polypectomy and post-cancer resection surveillance, and diag-

nosis and surveillance in infl ammatory bowel disease. In addi-

tion, colono scopy is the most commonly used CRC screening 

test in the United States ( 1 ). Based on 2010 data, over 3.3 million 

outpatient colonoscopies are performed annually in the United 

States, with screening and polyp surveillance accounting for half 

of indications ( 2 ).

  Optimal eff ectiveness of colonoscopy depends on patient 

acceptance of the procedure, which depends mostly on accept-

ance of the bowel preparation ( 3 ). Preparation quality aff ects the 

completeness of examination, procedure duration, and the need 

to cancel or repeat procedures at earlier dates than would other-

wise be needed ( 4,5 ). Ineff ective preparation is a major contribu-

tor to costs ( 6 ). Meticulous inspection ( 7,8 ) and longer withdrawal 

times ( 9–14 ) are associated with higher adenoma detection rates 

(ADR). A high ADR is essential to rendering recommended inter-

vals ( 15 ) between screening and surveillance examinations safe 

( 16,17 ). Optimal technique is needed to ensure a high probability 

of detecting dysplasia when present in infl ammatory bowel dis-

ease ( 17–21 ). Finally, technical expertise and experience will help 

prevent adverse events that might off set the benefi ts of removing 

neoplastic lesions ( 22 ).

  Recent studies report that colonoscopy is less eff ective in 

preventing proximal colon cancer and cancer deaths (ie, colon 

cancer proximal to the splenic fl exure) compared with dis-

tal cancer (ie, colon cancer at or distal to the splenic fl exure) 

( 23–28 ). Decreased protection against right-sided CRC is likely 

due to multiple factors. Th ese include missed adenomas or 

incompletely resected adenomas; suboptimal bowel prepara-

tion; precancerous lesions that are endoscopically subtle or dif-

fi cult to remove, such as sessile serrated polyps and fl at and/or 

depressed adenomas, and diff erences in tumorigenesis between 

right-sided and left -sided cancers. Improving prevention of 

right-sided colon cancer is a major goal of colonoscopy quality 

programs.

  Five studies have established that gastroenterologists are more 

eff ective than surgeons or primary care physicians at preventing 

CRC by colonoscopy ( 27,29–32 ). Th is most likely refl ects higher 

rates of complete examinations (ie, cecal intubation) ( 30 ) and 

higher rates of adenoma detection among gastroenterologists 

( 33,34 ). All endoscopists performing colonoscopy should measure 

the quality of their colonoscopy. Institutions where endoscopists 

from multiple specialties are practicing should reasonably expect 

all endoscopists to participate in the program and achieve recom-

mended quality benchmarks.

  Th e quality of health care can be measured by comparing the 

performance of an individual or a group of individuals with an 

ideal or benchmark ( 35 ). Th e particular parameter that is being 

used for comparison is termed a quality indicator. A quality indi-

cator oft en is reported as a ratio between the incidence of correct 

performance and the opportunity for correct performance ( 4 ) or as 

the proportion of interventions that achieve a predefi ned goal ( 35 ). 

Quality indicators can be divided into 3 categories: (1) structural 

measures—these assess characteristics of the entire health care 

environment (eg, participation by a physician or other clinician 

in systematic clinical database registry that includes consensus 

endorsed quality measures), (2) process measures—these assess 

performance during the delivery of care (eg, ADR and adequate 

biopsy sampling during colonoscopy for chronic ulcerative colitis), 

(3) outcome measures—these assess the results of the care that was 

provided (eg, the prevention of cancer by colonoscopy and reduc-

tion in the incidence of colonoscopic perforation).
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   METHODOLOGY

  In 2006, the American Society for Gastrointestinal Endoscopy 

(ASGE)/American College of Gastroenterology (ACG) Task 

Force on Quality in Endoscopy published their fi rst version 

of quality indicators for colonoscopy ( 36 ). Th e present update 

integrates new data pertaining to previously proposed quality 

indicators and new quality indicators for performing colonos-

copy ( 36 ). Indicators that had wide-ranging clinical applica-

tion, were associated with variation in practice and outcomes, 

and were validated in clinical studies were prioritized. Clinical 

studies were identifi ed through a computerized search of Med-

line followed by review of the bibliographies of all relevant arti-

cles. When such studies were absent, indicators were chosen by 

expert consensus. Although feasibility of measurement was a 

consideration, it is hoped that inclusion of highly relevant, but 

not yet easily measurable indicators, would promote their even-

tual adoption. Although a comprehensive list of quality indica-

tors is proposed, it is recognized that, ultimately, only a small 

subset might be widely used for continuous quality improve-

ment, benchmarking, or quality reporting. As in 2006, the cur-

rent task force concentrated its attention on parameters related 

to endoscopic procedures; whereas the quality of care delivered 

to patients is clearly infl uenced by many factors related to the 

facilities in which endoscopy is performed, characterization of 

unit-related quality indicators was not included in the scope of 

this eff ort.

  Th e resultant quality indicators were graded on the strength 

of the supporting evidence ( Table 1 ). Each quality indicator was 

classifi ed as an outcome or a process measure. Although outcome 

quality indicators are preferred, some can be diffi  cult to measure 

in routine clinical practice, because they need analysis of large 

amounts of data and long-term follow-up and may be confounded 

by other factors. In such cases, the task force deemed it reasonable 

to use process indicators as surrogate measures of high-quality 

endoscopy. Th e relative value of a process indicator hinges on the 

evidence that supports its association with a clinically relevant out-

come, and such process measures were emphasized.

  Th e quality indicators for this update were written in a man-

ner that lends them to be developed as measures. Although they 

remain quality indicators and not measures, this document also 

contains a list of performance targets for each quality indicator. 

Th e task force selected performance targets from benchmarking 

data in the literature when available. When no data were avail-

able to support establishing a performance target level, "N/A" (not 

available) was listed. However, when expert consensus considered 

failure to perform a given quality indicator a "never event" such 

as monitoring vital signs during sedation, then the performance 

target was listed as >98%. It is important to emphasize that the 

performance targets listed do not necessarily refl ect the standard 

of care but rather serve as specifi c goals to direct quality improve-

ment eff orts.

  Quality indicators were divided into 3 time periods: pre-proce-

dure, intraprocedure, and postprocedure. For each category, key 

relevant research questions were identifi ed.

  In order to guide continuous quality improvement eff orts, the 

task force also recommended a high-priority subset of the indica-

tors described, based on their clinical relevance and importance, 

evidence that performance varies signifi cantly in clinical prac-

tice, and feasibility of measurement (a function of the number of 

procedures needed to obtain an accurate measurement with nar-

row confi dence intervals and the ease of measurement). A useful 

approach for an individual endoscopist is to fi rst measure their 

performances with regard to these priority indicators. Quality 

improvement eff orts would move to diff erent quality indicators 

 Table 1  .     Grades of recommendation  a   

  Grade of 

recommendation  

  Clarity of 

benefi t  

  Methodologic strength supporting evidence    Implications  

 1A  Clear  Randomized trials without important limitations  Strong recommendation, can be applied to most clinical settings 

 1B  Clear  Randomized trials with important limitations 

(inconsistent results, nonfatal methodologic fl aws) 

 Strong recommendation, likely to apply to most practice settings 

 1C+  Clear  Overwhelming evidence from observational studies  Strong recommendation, can apply to most practice settings in 

most situations 

 1C  Clear  Observational studies  Intermediate-strength recommendation, may change when 

stronger evidence is available 

 2A  Unclear  Randomized trials without important limitations  Intermediate-strength recommendation, best action may differ 

depending on circumstances or patients' or societal values 

 2B  Unclear  Randomized trials with important limitations 

(inconsistent results, nonfatal methodologic fl aws) 

 Weak recommendation, alternative approaches may be better 

under some circumstances 

 2C  Unclear  Observational studies  Very weak recommendation, alternative approaches likely to be 

better under some circumstances 

 3  Unclear  Expert opinion only  Weak recommendation, likely to change as data become available 

   a   Adapted from Guyatt G, Sinclair J, Cook D,  et al.  Moving from evidence to action. Grading recommendations—a qualitative approach. In: Guyatt G, Rennie D, editors. 

Users' guides to the medical literature. Chicago: AMA Press; 2002. p. 599-608.  
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common to all endoscopy are listed in  Table 2 . Th ose common 

factors will be discussed in this document only insofar as the 

discussion needs to be modifi ed specifi cally to relate to colo-

noscopy.

   Preprocedure quality indicators

  Th e preprocedure period includes all contacts between members 

of the endoscopy team and the patient before the administration 

if the endoscopists are performing above recommended thresh-

olds, or the employer and/ or teaching center could institute 

corrective measures and remeasure performance of low-level 

performers.

  Recognizing that certain quality indicators are common to all 

GI endoscopic procedures, such items are presented in detail in 

a separate document, similar to the process in 20 06 ( 37,38 ). Th e 

preprocedure, intraprocedure, and postprocedure indicators 

 Table 2  .     Summary of proposed quality indicators common to all endoscopic procedures ( 38 )  a   

  Quality indicator    Grade of 

recommendation  

  Measure 

type  

  Performance 

target (%)  

  Preprocedure  

   1. Frequency with which endoscopy is performed for an indication that is included in a published standard 

list of appropriate indications, and the indication is documented (priority indicator) 

 1C+  Process  >80 

  2. Frequency with which informed consent is obtained and fully documented  3  Process  >98 

   3. Frequency with which preprocedure history and directed physical examination are performed and 

documented 

 3  Process  >98 

  4. Frequency with which risk for adverse events is assessed and documented before sedation is started  3  Process  >98 

   5. Frequency with which prophylactic antibiotics are administered for appropriate indication (priority 

indicator) 

 Varies  Process  >98 

  6. Frequency with which a sedation plan is documented  Varies  Process  >98 

   7. Frequency with which management of antithrombotic therapy is formulated and documented before the 

procedure (priority indicator) 

 3  Process  N/A 

  8. Frequency with which a team pause is conducted and documented  3  Process  >98 

   9. Frequency with which endoscopy is performed by an individual who is fully trained and credentialed to 

perform that particular procedure 

 3  Process  >98 

  Intraprocedure  

  10. Frequency with which photodocumentation is performed  3  Process  N/A 

  11. Frequency with which patient monitoring during sedation is performed and documented  3  Process  >98 

   12. Frequency with which the doses and routes of administration of all medications used during the proce-

dure are documented 

 3  Process  >98 

  13. Frequency with which use of reversal agents is documented  3  Process  >98 

   14. Frequency with which procedure interruption and premature termination due to sedation-related issues 

is documented 

 3  Process  >98 

  Postprocedure  

   15. Frequency with which discharge from the endoscopy unit according to predetermined discharge 

criteria is documented 

 3  Process  >98 

  16. Frequency with which patient instructions are provided  3  Process  >98 

  17. Frequency with which the plan for pathology follow-up is specifi ed and documented  3  Process  >98 

  18. Frequency with which a complete procedure report is created  3  Process  >98 

  19. Frequency with which adverse events are documented  3  Process  >98 

  20. Frequency with which adverse events occur  3  Outcome  N/A 

  21. Frequency with which postprocedure and late adverse events occur and are documented  3  Outcome  N/A 

  22. Frequency with which patient satisfaction data are obtained  3  Process  N/A 

  23. Frequency with which communication with referring provider is documented  3  Process  N/A 

  N/A,  not available. 

   a   This list of potential quality indicators is meant to be a comprehensive list of measurable end points. It is not the intention of the task force that all end points be 

measured in every practice setting. In most cases, validation may be required before a given end point may be adopted universally.  
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of sedation or insertion of the endoscope. Common issues for 

all endoscopic procedures during this period include: appropri-

ate indication, informed consent, risk assessment, formulation 

of a sedation plan, management of prophylactic antibiotics and 

antithrombotic drugs, and timeliness of the procedure ( 38 ). Pre-

procedure quality indicators specifi c to performance of colono-

scopy include the following:

   1. Frequency with which colonoscopy is performed for an indica-

tion that is included in a published standard list of appropriate 

indications, and the indication is documented 

 Level of evidence: 1C+

  Performance target: >80%

  Type of measure: process

  Th e ASGE has published appropriate indications for colonoscopy 

( Table 3 ) ( 39 ). An appropriate indication should be documented for 

each procedure, and when it is a nonstandard indication, it should 

be justifi ed in the documentation. When performing colono-

scopy for average-risk CRC screening or colon polyp surveillance, 

endoscopists should specifi cally document whether the patient had 

a colonoscopy previously, date of the last colonoscopy (or document 

that the date of that procedure is not available), and any histologic 

fi ndings from polyps removed during that colonoscopy.

  Discussion: In 2012, the ASGE updated its indications for endo-

scopic procedures ( 39 ). Th is list was determined by a review of 

published literature and expert consensus. Studies have shown 

that when colonoscopy is done for appropriate reasons, signifi -

cantly more clinically relevant diagnoses are made ( 40–42 ). In 

these studies, which divided indications into appropriate, uncer-

tain, and inappropriate and looked at high-volume European cent-

ers, 21 to 39% were classifi ed as inappropriate. It is likely that this 

can be improved to a <20% inappropriate rate ( 43 ). Th e European 

Panel on the Appropriateness of Gastrointestinal Endoscopy Inter-

net guideline is a useful decision support tool for determining the 

appropriateness of colonoscopy ( 43 ). Th e goal is to minimize the 

number of inappropriate procedures ( 44–46 ).

 Table 3  .     Appropriate indications for colonoscopy ( 39 ) 

 Evaluation of an abnormality on barium enema or other imaging study that is likely to be clinically signifi cant, such as a fi lling defect or stricture 

 Evaluation of unexplained GI bleeding 

 Hematochezia 

 Melena after an upper GI source has been excluded 

 Presence of fecal occult blood 

 Unexplained iron defi ciency anemia 

 Screening and surveillance for colon neoplasia 

 Screening of asymptomatic, average-risk patients for colon neoplasia 

 Examination to evaluate the entire colon for synchronous cancer or neoplastic polyps in a patient with treatable cancer or neoplastic polyp 

 Colonoscopy to remove synchronous neoplastic lesions at or around the time of curative resection of cancer followed by colonoscopy at 1 year and, if examina-

tion normal, then 3 years, and, if normal, then 5 years thereafter to detect metachronous cancer 

 Surveillance of patients with neoplastic polyps 

 Surveillance of patients with a signifi cant family history of colorectal neoplasia 

 For dysplasia and cancer surveillance in select patients with long-standing ulcerative or Crohn's colitis 

 For evaluation of patients with chronic infl ammatory bowel disease of the colon, if more precise diagnosis or determination of the extent of activity of disease 

will infl uence management 

 Clinically signifi cant diarrhea of unexplained origin 

 Intraoperative identifi cation of a lesion not apparent at surgery (eg, polypectomy site, location of a bleeding site) 

 Treatment of bleeding from such lesions as vascular malformation, ulceration, neoplasia, and polypectomy site 

 Intraoperative evaluation of anastomotic reconstructions (eg, evaluation for anastomotic leak and patency, bleeding, pouch formation) 

 As an adjunct to minimally invasive surgery for the treatment of diseases of the colon and rectum 

 Management or evaluation of operative adverse events (eg, dilation of anastomotic strictures) 

 Foreign body removal 

 Excision or ablation of lesions 

 Decompression of acute megacolon or sigmoid volvulus 

 Balloon dilation of stenotic lesions (eg, anastomotic strictures) 

 Palliative treatment of stenosing or bleeding neoplasms (eg, laser, electrocoagulation, stenting) 

 Marking a neoplasm for localization 



Rex  et al. 

The American Journal of GASTROENTEROLOGY VOLUME 110 | JANUARY 2015   www.amjgastro.com

 
76

and any histologic fi ndings from polyps removed during that 

colonoscopy if that information is available. Th is documentation 

should demonstrate that colonoscopy for CRC screening or colon 

polyp surveillance is being performed at an appropriate interval.

  Evidence from surveys indicates that post-polypectomy surveil-

lance colonoscopy in the United States is frequently performed at 

intervals that are shorter than those recommended in guidelines 

( 55–60 ), that knowledge of guideline recommendations is high, 

and lack of guideline awareness is unlikely to account for over-

use of colonoscopy. Assessments of actual practice identifi ed 

both overuse of surveillance examination in low-risk patients and 

underuse in high-risk patients ( 61 ).

  An assessment of Medicare colonoscopy codes demonstrated 

systematic overuse of colonoscopy for screening and post-pol-

ypectomy surveillance by some physicians ( 54 ). Th ese surveys 

underscore the importance of measuring intervals between exami-

nations in continuous quality improvement programs. Surgeons 

were more likely to use short intervals than were gastroenterolo-

gists ( 55 ), emphasizing the need for all specialties practicing colo-

noscopy to participate in quality programs. Primary care and other 

referring physicians can reasonably expect surveillance recom-

mendations to refl ect post-polypectomy surveillance recommen-

dations or to be accompanied by an explanation indicating why the 

recommended interval diff ers from the guideline.

  Intervals between examinations are recommended based on 

the best available evidence and experience that indicates a balance 

between the protective eff ect of high-quality clearing colonoscopy 

with the risks and cost of colonoscopy. Intervals are determined by 

the numbers, size, and specifi c histology of precancerous lesions 

( 15 ). Patients with sessile polyps >2 cm in size that are removed 

piecemeal have a high risk for residual polyp at the polypectomy 

site and require short-term follow-up at 3 to 6 months ( 15 ) and 

a second examination a year later to rule out a late recurrence of 

polyp at the site ( 62 ). Recommended post-polypectomy surveil-

lance intervals for sessile serrated polyps (also called sessile ser-

rated adenomas) and traditional serrated adenomas currently are 

based on limited evidence and will be subject to updating as new 

evidence appears ( 15 ). Serrated lesions include hyperplastic pol-

yps, sessile serrated polyps, and traditional serrated adenomas. 

Serrated lesions, particularly the sessile serrated polyp, are con-

sidered the precursors of a substantial group of CRCs that arise 

predominantly in the proximal colon. At this time, consensus 

post-polypectomy surveillance intervals for sessile serrated pol-

yps are similar to recommended intervals for adenomas and are 

based on size and number of lesions ( 15 ). Serrated lesions of all 

types should be counted to identify patients who meet the criteria 

for serrated polyposis, formerly known as hyperplastic polyposis 

syndrome, for which colonoscopy is recommended at 1 to 2-year 

intervals ( 15 ).

  Patients who have suspected colon bleeding aft er a negative 

colonoscopy result may require repeat examinations at intervals 

shorter than those recommended.

  However, the use of fecal occult blood testing by using guaiac-

based tests for the fi rst 5 years aft er a colonoscopy is inappropriate 

because the positive predictive value of guaiac-based fecal occult 

    2. Frequency with which informed consent is obtained, includ-

ing specifi c discussions of risks associated with colonoscopy, and 

fully documented 

 Level of evidence: 1C

  Performance target: >98%

  Type of measure: process

  In addition to the risks associated with all endoscopic proce-

dures, the consent should address the relevant and substantial 

adverse events pertaining to each specifi c colonoscopy procedure.

  Discussion: As with all other endoscopic procedures, consent 

must be obtained before the procedure from the patient or guard-

ian (or as required by local law or per policy of the institution). It 

must include a discussion of the risks, benefi ts, and alternatives 

to the procedure. Th e most common risks of colonoscopy include 

bleeding, perforation, infection, sedation-related adverse events, 

missed lesions, and intravenous site adverse events.

    3. Frequency with which colonoscopies follow recommended 

post-polypectomy and post-cancer resection surveillance inter-

vals and 10-year intervals between screening colonoscopies in 

average-risk patients who have negative examination results and 

adequate bowel cleansing (priority indicator) 

 Level of evidence: 1A

  Performance target: ≥90%

  Type of measure: process

  Discussion: For colonoscopy to be both eff ective and cost-

eff ective and to minimize risk, the intervals between examina-

tions should be optimized. Intervals between examinations can 

be eff ective in prevention of incident CRC only when the colon 

is eff ectively cleared of neoplasia. Th erefore, detailed and eff ec-

tive examination of the colon, as discussed in the following, is 

critical to the eff ectiveness and safety of recommended intervals 

between colonoscopy. Th e recommended intervals assume cecal 

intubation, adequate bowel preparation, and careful examination. 

In the average-risk population (persons aged ≥50 years without 

other risk factors for CRC or who have only one fi rst-degree rela-

tive with CRC and that cancer was diagnosed at age >60 years), 

colonoscopic screening is recommended in all past and current 

guidelines at 10-year intervals ( 15,47,48 ). A German case-control 

study found that a negative screening colonoscopy result was 

associated with >20 years of protection against colorectal cancer 

( 49 ). In cohorts of average-risk persons who underwent an initial 

colonoscopy with a negative result, a repeat colonoscopy 5 years 

later had a very low yield ( 50,51 ). Two studies of fl exible sigmoi-

doscopy found a protective eff ect of endoscopy with polypectomy 

lasting 10 years and 16 years and could not exclude longer dura-

tions of protection ( 52,53 ). Th us, although colonoscopy is not 

perfectly protective, its protective eff ect is prolonged. Th ese data 

support the 10-year interval, but many American colonoscopists 

systematically perform screening colonoscopy at 5-year intervals 

in average-risk individuals ( 54 ). Th is practice is not cost-eff ective, 

exposes patients to excess risk, and cannot be justifi ed.

  When performing colonoscopy for CRC screening, endoscopists 

should document under "indication for procedure" whether the 

patient previously had a colonoscopy, date of the last colono scopy, 
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blood testing during that interval is extremely low ( 63 ). Additional 

study of fecal immunochemical testing for blood in this setting as 

an adjunct to colonoscopy is warranted ( 64 ).

  Colonoscopies performed for screening or surveillance at inter-

vals shorter than those recommended in guidelines and without 

an appropriate explanation for the shortened interval should be 

considered to have an inappropriate indication.

    4. Frequency with which ulcerative colitis and Crohn's colitis 

surveillance is recommended within proper intervals 

 Level of evidence: 2C

  Performance target: ≥90%

  Type of measure: process

  Discussion: In ulcerative colitis and Crohn's colitis, surveillance 

refers to interval examinations in patients with long-standing dis-

ease who have undergone an initial examination in which dyspla-

sia was not detected. Th e term also is used when patients who are 

asymptomatic are prospectively entered into interval colonoscopy 

programs based on the duration of disease. Surveillance does not 

refer to diagnostic examinations or examinations in previously 

diagnosed patients to assess symptoms. Both ulcerative colitis and 

Crohn's colitis of long duration are associated with an increased 

risk of colorectal cancer ( 65,66 ). Surveillance colonoscopy oft en is 

recommended beginning 7 to 10 years aft er the onset of symptoms 

when ulcerative colitis extends beyond the rectum or in Crohn's 

disease when more than one third of the colon is involved. Th ere 

are no randomized trials to support the eff ectiveness of surveil-

lance colonoscopy in ulcerative colitis or Crohn's colitis, but case-

control studies in ulcerative colitis indicate a survival benefi t for 

patients who participate in surveillance ( 67,68 ). Surveys of prac-

titioners in the United States ( 69 ) and the United Kingdom ( 70 ) 

demonstrate that many practitioners are not familiar with surveil-

lance recommendations, have a poor understanding of dysplasia, 

and make inappropriate recommendations in response to fi ndings 

of dysplasia ( 69,70 ).

  Patients should undergo surveillance colonoscopy, which has 

emerged as a standard of medical care in the United States. Th e 

onset of disease is considered to be the onset of symptoms for the 

purpose of initiating surveillance for both ulcerative colitis and 

Crohn's colitis. Because the yield of dysplasia or cancer during 

ulcerative colitis surveillance is relatively low and not cost-eff ec-

tive ( 71 ), it is important to avoid overuse of surveillance colonos-

copy during the fi rst 20 years ( 72 ). At between 7 and 20 years of 

disease, intervals of 2 to 3 years are generally adequate, assuming 

the absence of primary sclerosing cholangitis and a colon that is 

without severe scarring ( 71 ). Indeed, recent studies continue to 

indicate that the risk for CRC in chronic ulcerative colitis has 

been overestimated in previous decades ( 18,73 ). Shorter intervals 

between examinations are indicated for patients with long-dura-

tion disease and may be initiated earlier in the course of disease in 

patients with established risk modifi ers, such as a family history of 

CRC or a personal history of primary sclerosing cholangitis ( 71 ). 

Persons with primary sclerosing cholangitis who are discovered to 

have asymptomatic ulcerative colitis should begin surveillance at 

the time ulcerative colitis is diagnosed. Patients with endoscopi-

cally abnormal colons (eg, endoscopic scarring, pseudopolyp 

formation or cobblestoning, chronic severe infl ammation) are at 

increased risk for development of cancer, compared with patients 

with endoscopically normal colons ( 74 ). Th us, patients with 

endoscopically normal colons, or with only mild abnormalities, 

can be triaged to longer intervals of surveillance of at least 2 to 3 

years, at least during the interval from 7 to 20 years aft er the onset 

of symptoms, and assuming the absence of primary sclerosing 

cholangitis ( 74 ).

     Preprocedure research questions

   1  .    Why do physicians fail to follow recommended guidelines 

for screening and surveillance intervals? Are they concerned 

about missed lesions? Is there fear of litigation? What inter-

ventions will maximize adherence to guideline recommenda-

tions? 

  2  .    Which serrated lesions in the proximal colon are clinically 

important? What are cost-eff ective intervals for follow-up 

aft er removal of sessile serrated polyps and large (>10 mm) 

hyperplastic polyps? 

  3  .    Does the incidence of splenic injury during colonoscopy war-

rant inclusion in the informed consent process? 

  4  .    What is the current understanding among clinicians of sur-

veillance guidelines for ulcerative colitis and Crohn's colitis? 

  5  .    How will new reimbursement models aff ect compliance with 

recommended surveillance intervals? 

  6  .    Can and should surveillance interval recommendations be 

adjusted for endoscopists with high-level versus low-level 

baseline ADRs? Does the presence of 3 small adenomas war-

rant high-risk surveillance for endoscopists with high ADRs? 

     Intraprocedure quality indicators

  Quality evaluation of the colon consists of intubation of the 

entire colon and a detailed mucosal inspection. Cecal intubation 

improves sensitivity and reduces costs by eliminating the need for 

radiographic procedures or repeat colonoscopy to complete the 

examination. Careful mucosal inspection is essential to eff ective 

CRC prevention and reduction of cancer mortality. Th e detec-

tion of neoplastic lesions is the primary goal of most colonoscopic 

examinations.

  Cost-benefi t analyses of colonoscopy for the detection of neo-

plastic lesions are well within acceptable rates (approximately 

$20,000 per year of life saved) ( 75 ). However, adverse events, repeat 

procedures, and inappropriate surgical intervention for endoscop-

ically removable polyps can reduce this benefi t signifi cantly. It is 

incumbent on endoscopists to evaluate their practices and make 

improvements wherever possible to reduce the costs associated 

with neoplasia detection.

  Th e intraprocedure period extends from the administration 

of sedation, or insertion of the endoscope when no sedation is 

given, to the removal of the endoscope. Th is period includes all 

the technical aspects of the procedure including completion of 

the examination and of therapeutic maneuvers. Common to most 

endoscopic procedures is the provision of sedation and need for 
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bowel preparation should re-examine their bowel preparation pro-

tocols, including patient education, choice of purgative, and proto-

col for administering the purgative, including use of the split-dose 

protocol. Recent clinical trials of even low-volume preparations 

(which have lower eff ectiveness than 4-liter preparations) sug-

gest that these rates of adequate preparation are readily achievable 

in outpatients by using split-dose preparation ( 85,86 ). Socioeco-

nomic factors and language barriers in some patient populations 

may require increased educational eff orts before the colonoscopy 

to achieve this level of success.

  Th e most important determinant of preparation quality is the 

interval between the end of the preparation ingestion and the start 

of the procedure ( 87 ). Quality diminishes as the interval increases, 

and the right side of the colon is particularly aff ected. We recom-

mend that all patients be prescribed split-dosing of bowel prepara-

tions, meaning that half the preparation is given on the day of the 

examination ( 87 ). For aft ernoon colonoscopies, the entire prepa-

ration can be ingested on the day of examination ( 88 ). According 

to fasting guidelines of the American Society of Anesthesiolo-

gists, patients should have nothing by mouth for 2 h aft er inges-

tion of clear liquids ( 89 ). We recommend that rule be followed for 

ingestion for split-dose and same-day preparations. Th is recom-

mendation is supported by prospective observational studies that 

demonstrate that residual volume of liquid in the stomach is mini-

mal (<25 ml) and similar whether patients split the bowel prepara-

tion or consume all of the bowel preparation on the evening before 

the procedure ( 90 ). However, because this study ( 90 ) excluded 

patients with gastroparesis, longer intervals may be prudent in 

those with conditions such as gastroparesis or achalasia (increased 

risk of larger volumes of retained fl uid), those with central nervous 

system dysfunction that might be more inclined to aspirate, or in 

those with cardiac, pulmonary, or immunologic disease in whom a 

small aspiration event might be devastating.

  Patients should receive instruction to begin the second half of 

split-dose preparations 4 to 5 h before their scheduled procedure 

start time, and they should be fi nished with ingestion by at least 2 h 

before that time ( 89 ). Because the quality of preparation deterio-

rates as the preparation-to-procedure interval increases, patients 

scheduled in the early morning (before 9 AM) who refuse to begin 

ingestion 4 to 5 h before the scheduled time can begin ingestion of 

the second half of the preparation late on the evening before (aft er 

11 PM) and maintain reasonable preparation quality, although 

true split dosing is preferred.

    7. Frequency with which visualization of the cecum by notation 

of landmarks and photodocumentation of landmarks is docu-

mented in every procedure (priority indicator) 

 Level of evidence: 1C

   Performance targets: cecal intubation rate with photography (all 

examinations), ≥90% cecal intubation rate with photography 

(screening), ≥95%

  Type of measure: process

  Discussion: In the United States, colonoscopy is almost always 

undertaken with the intent to intubate the cecum. Cecal intubation 

is defi ned as passage of the colonoscope tip to a point proximal 

patient monitoring ( 38 ). Intraprocedure quality indicators specifi c 

to performance of colonoscopy include the following:

   5. Frequency with which the procedure note documents the qual-

ity of preparation 

 Level of evidence: 3

  Performance target: ≥98%

  Type of measure: process

  Quality of bowel preparation is based on ability to visualize the 

mucosa aft er retained stool and fl uid have been suctioned away.

  Discussion: Th e endoscopist should document the quality of the 

bowel preparation in each colonoscopy ( 76,77 ). Terms commonly 

used to characterize bowel preparation include  excellent, good, fair,  

and  poor.  In clinical practice, these terms do not have standardized 

defi nitions ( 78 ). Th ey are given standardized defi nitions in clini-

cal trials of bowel preparation ( 79 ), but these trials oft en take into 

account retained fl uid, which is of little interest to the examina-

tion because it can be readily suctioned. Some practitioners use 

the terms  adequate  or  inadequate.  Th e ASGE/ACG task force rec-

ommends that the examination be considered adequate if it allows 

detection of (within the technical limitations of the procedure) 

polyps >5 mm in size ( 80 ). Another option is to use independently 

validated preparation scores, such as the Boston Bowel Prepara-

tion Scale ( 81 ) or the Ottawa Bowel Preparation Scale ( 82 ). How-

ever, the Ottawa scale also takes into account retained material 

that can be removed before examination. Regardless of the scoring 

system used, endoscopists should document the quality of bowel 

preparation based on ability to identify polyps aft er retained fl uid 

or stool has been suctioned.

  If bowel cleansing is inadequate to identify polyps >5 mm in 

size, and the procedure is being performed for CRC screening or 

colon polyp surveillance, then the procedure should be repeated 

in 1 year or less ( 15 ). Adequate preparation carries the implica-

tion that the recommended interval before the next colonoscopy 

will be consistent with guidelines ( 15 ).

  Poor bowel preparation is a major impediment to the eff ective-

ness of colonoscopy. Poor preparation prolongs cecal intubation 

time and withdrawal time and reduces detection of both small ( 4 ) 

and large ( 4,5,83 ) polyps. In every colonoscopic practice, some 

colonoscopies must be repeated at intervals shorter than those 

recommended ( 15,84 ) based on inadequate preparation. Th e eco-

nomic burden of repeating examinations because of inadequate 

bowel preparation is substantial ( 6 ).

    6. Frequency with which the bowel preparation is adequate to 

allow the use of recommended surveillance or screening intervals 

 Level of evidence: 3

  Performance target: ≥85% of outpatient examinations

  Type of measure: process

  We recommend that the percentage of outpatient examinations 

with inadequate bowel preparation that require repeat colono-

scopy in ≤1 year should not exceed 15% ( 5 ). Measurement of an 

individual practitioner’s percentage of examinations requiring 

repetition because of inadequate preparation is recommended. 

Endoscopists who have >15% of examinations with inadequate 
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to the ileocecal valve, so that the entire cecal caput, including the 

medial wall of the cecum between the ileocecal valve and appen-

diceal orifi ce, is visible. Th e need for cecal intubation is based on 

the persistent fi nding that a substantial fraction of colorectal neo-

plasms are located in the proximal colon, including the cecum. 

Low cecal intubation rates have been associated with higher rates 

of interval proximal colon cancer ( 30 ). Techniques of cecal intu-

bation are discussed elsewhere ( 91 ). Cecal intubation should be 

documented by naming the identifi ed cecal landmarks. Most 

importantly, these include the appendiceal orifi ce and the ileo cecal 

valve. For cases in which there is uncertainty as to whether the 

cecum has been entered, visualization of the lips of the ileocecal 

valve (ie, the orifi ce) or intubation of the terminal ileum will be 

needed. Experienced colonoscopists can verify cecal intubation in 

real time in 100% of their cases ( 92 ), because there is no other por-

tion of the GI tract with similar appearance. It can be helpful to 

document other landmarks, such as the cecal sling fold or intuba-

tion of the terminal ileum.

  Photography of the cecum is mandated. Still photography of 

the cecum may not be convincing in all cases because of varia-

tions in cecal anatomy ( 92 ). Th us, the ileocecal valve may not be 

notched or may not have a lipomatous appearance. Neverthe-

less, still photography is convincing in a substantial majority of 

cases, and its use allows verifi cation of cecal intubation rates of 

individual endoscopists in the continuous quality improvement 

program. Th e best photographs of the cecum to prove intubation 

are of the appendiceal orifi ce, taken from a distance suffi  ciently 

far away that the cecal strap fold is visible around the appendix, 

and a photograph of the cecum taken from distal to the ileocecal 

valve ( 92 ). Photographs of the terminal ileum are sometimes con-

vincing if they show villi, circular valvulae conniventes, and lym-

phoid hyperplasia, but they are less likely to be eff ective compared 

with the earlier-mentioned photographs ( 92 ). Videotaping of the 

cecum is not necessary in clinical practice, because its feasibility 

remains low at this time; however, the appearance of the cecum 

is unmistakable in real time, and videotaping of the cecum can 

be a very eff ective way of documenting cecal intubation for an 

examiner whose rates of cecal intubation require verifi cation ( 92 ). 

Eff ective colonoscopists should be able to intubate the cecum in 

≥90% of all cases ( 93 ) and ≥95% of cases when the indication is 

screening in a healthy adult.( 94–106 ) Colonoscopy studies in 

screening patients in the United States, and at times from outside 

the United States, have reported cecal intubation rates of 97% or 

higher ( 94–106 ).

  Cases in which procedures are aborted because of poor prepa-

ration or severe colitis need not be counted in determining cecal 

intubation rates, provided that photo-documentation is provided 

to support the decision to abort the examination. It is also not 

necessary to count cases in which the initial intent of the proce-

dure is colonoscopic treatment of a benign or malignant stricture 

or a large polyp in the colon distal to the cecum (provided that 

complete colon imaging by some method has been performed 

previously). All other colonoscopies, including those in which a 

previously unknown benign or malignant stricture is encountered, 

should be counted.

    8. Frequency with which adenomas are detected in asymptoma-

tic, average-risk individuals (screening) (priority indicator) 

 Level of evidence: 1C

   Performance targets: ADR for male/female population, ≥25% 

(for men ≥30%, for women ≥20%)

  Type of measure: outcome

  Discussion: An enormous amount of literature has identifi ed 

evidence of failed detection by colonoscopists including failure to 

detect adenomas in tandem colonoscopy studies ( 107 ) and in CT 

colonography studies that used segmental unblinding ( 108,109 ). 

Colonoscopy fails to prevent all CRC in colonoscopy cohorts fol-

lowed for up to 3 years aft er the procedure ( 23–28 ), with most 

of the post-colonoscopy cancers attributable to missed lesions 

( 110 ), and contributions from incomplete polypectomy ( 111 ) as 

well as variation in growth patterns and rates ( 112,113 ). Th ere 

is evidence of marked variation in the detection of adenomas 

by colonoscopists within practice groups ( 114–117 ). Th is varia-

tion became the rationale for the creation of targets for adenoma 

detection, originally proposed in 2002 ( 80 ) and largely adopted by 

the ASGE/ACG task force in 2006 ( 36,118 ). Th e proposed meas-

ure for detection was the fraction of patients undergoing screen-

ing colonoscopy who had one or more adenomas detected, now 

known as the adenoma detection rate or ADR ( 36,80,118 ). Th e 

recommended targets for ADR were based on screening colo-

noscopy studies and were set at levels slightly below the mean 

detection rates of adenomas in those studies ( 80 ). Th us, the rec-

ommendation has previously been that individual colonoscopists 

should identify one or more adenomas in at least 25% of men 

and 15% of women aged ≥50 years undergoing screening colo-

noscopy ( 36,80,118 ). Th e rationale to set these targets below the 

mean prevalence of adenomas and well below the true prevalence 

of adenomas (as defi ned by autopsy studies and high-level detec-

tors during colonoscopy) was very limited, and these initial tar-

gets refl ected a clear bias that the greatest contributors to failure 

to prevent cancer are endoscopists with very low ADRs. In 2010, a 

Polish study of screening colonoscopy provided validation for the 

targets, fi nding that patients undergoing colonoscopy by physi-

cians with ADRs below 20% had hazard ratios for development of 

post-colonoscopy cancer>10 times higher than patients of physi-

cians with ADRs above 20% ( 16 ). However, this study had limited 

power to establish that cancer protection continues to improve 

when ADRs rise above 20%. One other study found that physi-

cians with high polypectomy rates protected patients from right-

sided cancer better than physicians with low polypectomy rates 

( 30 ). Recent studies report ADRs that are much higher than the 

original targets and have, in some cases, exceeded 50% ( 119,120 ). 

Th ere had been evidence that individual examiners reach ADRs 

above 40% ( 114,115 ). Th ese observations suggest that raising the 

ADR target above 20% for a male/female population might have 

benefi t, but evidence that increasing the target results in either 

improved cancer prevention or increased detection of advanced 

lesions has been lacking. Recently, Corley  et al  ( 121 ) presented 

the association of ADR in 223,842 patients undergoing 264,792 

colonoscopies by 136 gastroenterologists. Patients were followed 

from their baseline examinations for either 10 years or until they 
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knowing the ADR of individual colonoscopists to ensure adequate 

patient protection ( 122 ).

  One issue regarding ADR is whether it represents the best over-

all measure of the quality of mucosal inspection with regard to 

discrimination of quality, feasibility of measurement, and resist-

ance to gaming (induction of behaviors directed toward meeting 

the target but not toward optimizing detection of precancerous 

lesions and cost eff ectiveness). ADR does require manual entry of 

pathology data in most instances, which requires additional work 

for the endoscopist or endoscopy unit. A second problem is that it 

rewards a "one and done" approach to colonoscopy: aft er identify-

ing one polyp with the endoscopic appearance of an adenoma, the 

endoscopist stops examining the remaining mucosa as carefully. In 

some cases one and done results from reimbursement policies that 

typically pay for only one polypectomy regardless of the number of 

polypectomies performed. Several alternatives to ADR have been 

proposed, and two deserve mention here.

  Th e polyp detection rate (PDR) is the number of patients with 

≥1 polyp removed during screening colonoscopy in patients aged 

≥50 years. PDR has the advantage of not requiring manual entry 

of pathology data and correlates well with ADR in several studies 

( 123–126 ). Conversion rates for PDR to ADR have been proposed 

( 123 ). A Canadian study demonstrated a correlation between pol-

ypectomy rates and cancer protection ( 30 ). However, whether PDR 

remains an accurate correlate to ADR when used prospectively in 

quality improvement programs has not been studied. Furthermore, 

PDR could be susceptible to gaming, in that it includes removal of 

the only class of colorectal polyps not considered to have a risk of 

becoming cancer (ie, distal colon diminutive hyperplastic polyps). 

Unlike ADR, PDR can be measured by using claims data by payers 

or others outside the institution performing colonoscopy. Given 

the ease of application of PDR, prospective studies of its use are 

desirable and considered necessary to establish its appropriateness. 

Until these studies are performed, PDR is not endorsed as a quality 

indicator to be used independently of ADR.

  A second measure that warrants consideration is the adenoma 

per colonoscopy (APC) rate, which is now commonly used in 

clinical trials of detection ( 119,120 ). APC refl ects inspection 

over the entire length of the colon better than ADR and provides 

greater separation between endoscopists ( 114 ). APC might lead 

to increased pathology costs if colonoscopists were expected or 

inclined to put each polyp in a diff erent container to prove APC, 

but this problem could be overcome by use of photography to 

prove detection of multiple adenomas. APC also overcomes the 

problem of "one and done." Currently, APC is considered to be the 

most promising alternative to ADR, and additional study is recom-

mended to identify best thresholds and establish mechanisms to 

ensure that it does not lead to increased costs.

  In the future, ADR may be stratifi ed based on size of adenoma 

(ADR for adenomas ≥1 cm), location of adenoma (ADR for 

right-sided versus left -sided adenomas), or polyp histology. Th e 

importance of separate targets for serrated lesions deserves par-

ticular attention. Targets for ADR were established by using studies 

reporting detection of conventional adenomas and do not apply to 

serrated lesions ( 80 ). Certainly, the terminology is confusing (eg, 

had another colonoscopy with negative results, left  the health care 

system, or were diagnosed with CRC. Th e ADRs of the gastroen-

terologists ranged from 7.4% to 52.5% and were arranged in quin-

tiles for study purposes. Th e patients ultimately developed 712 

interval cancers. Th e unadjusted risks for interval cancer in the 

ADR quintiles from highest to lowest were 4.8, 7.0, 8.0, 8.6, and 

9.8 cases per 10,000 person-years of follow-up. Patients of physi-

cians in the highest ADR quintile had an adjusted risk of interval 

cancer of 0.52 (95% CI, 0.39–0.69) compared with patients of phy-

sicians in the lowest ADR quintile. Th ere was a 3% reduction in 

CRC incidence and a 5% reduction in cancer mortality for each 

1% increase in ADR. Higher ADRs were associated with a reduced 

risk of both proximal and distal cancer and reduced risk in both 

men and women ( 121 ). Based on this new evidence, the task force 

now recommends a new minimum target for overall ADR (ADR 

in a male/female population aged ≥50 years undergoing screen-

ing colonoscopy) of at least 25%. Because some endoscopists 

perform colonoscopy for primarily male or female patients (eg, 

endoscopists in Veterans Aff airs hospitals or female endoscopists 

with largely female patient populations), an ADR target of 30% is 

recommended for men and 20% for women. Colonoscopy pro-

grams may choose to calculate individual colonoscopists' ADRs 

for male and female patients separately in some instances. Data 

from a registry of screening patients indicate that these targets are 

at the mean level of performance in current gastroenterology prac-

tice (Irving Pike, personal communication based GIQuIC registry) 

and, thus, are already achieved by many endoscopists in routine 

colonoscopic practice. All colonoscopists should have their ADRs 

measured, and colonoscopists with ADRs below 25% overall must 

take steps to improve performance. Although these new targets 

represent current understanding of ADR performance needed to 

optimize CRC prevention, they should not be considered a stand-

ard of care. Rather, they should be used as performance targets in 

the quality improvement process.

  Th e principal factors that determine adenoma prevalence are 

age and sex; both are accounted for in the recommended targets 

(ADR should be measured in patients aged ≥50 years, and there 

are separate targets for men and women). Other infl uences on 

adenoma prevalence include cigarette smoking, obesity, and dia-

betes mellitus ( 47 ). Adjustment of the target ADR for diff erent 

prevalences of these factors is not currently recommended.

  ADR is considered the primary measure of the quality of 

mucosal inspection and the single most important quality meas-

ure in colonoscopy. Th ere is a substantial interaction between 

ADR and recommended intervals for screening and surveillance, 

so that optimal patient safety cannot be correctly predicted with-

out knowledge of both an adequate ADR and adherence to rec-

ommended intervals. Colonoscopists with high ADRs clear colons 

better and bring patients back at shorter intervals because the rec-

ommended intervals are shorter when precancerous lesions are 

detected. Colonoscopists with low ADRs fail to identify patients 

with precancerous lesions and fi nd fewer patients with multiple 

lesions, putting patients at risk for cancer by failure to clear the 

colon and recommending inappropriately long intervals between 

examinations. Th is interaction emphasizes the essential nature of 
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a sessile serrated polyp/adenoma is not an adenoma—the great 

majority of these lesions have no dysplasia). Th ese lesions are in 

a separate class from conventional adenomas and should not be 

counted toward the ADR. Recent evidence has shown that there 

is more variation between members of the same gastroenterol-

ogy group in detection of these lesions ( 127,128 ) than is seen for 

conventional adenomas ( 114–117 ), indicating that missing polyps 

is a greater problem for these lesions than it is for conventional 

adenomas. Additional support for the concept that missed ser-

rated lesions are important is the fi nding that post-colonoscopy 

cancers are more likely to be CIMP-high, MSI-high, and located 

in the proximal colon ( 112,113 ). Whether there should be a sepa-

rate detection target for serrated lesions is the subject of current 

investigation, with one study suggesting a target of 5% for all 

serrated lesions (hyperplastic plus sessile serrated polyps) in the 

proximal colon ( 129 ). A new target may not be needed if ADR 

and proximal colon serrated lesion detection are suffi  ciently corre-

lated ( 127,128 ). Further, the target would need to be set for proxi-

mal serrated lesions because targeting distal colon hyperplastic 

lesions is undesirable. A proximal colon target would be subject 

to substantial problems with lesion location and perhaps gam-

ing of location. Th e best target would be sessile serrated polyps, 

but the pathologic distinction between sessile serrated polyp and 

hyperplastic polyp is subject to marked interobserver variation in 

pathologic interpretation ( 130,131 ), making sessile serrated polyps 

nonviable as a detection target. Finally, although ADR and PDR 

have been shown to correlate with colon cancer protection, this has 

not yet been demonstrated for other proposed markers.

  Future approaches to measurement of the quality of mucosal 

inspection may have to account for an evolving approach to dimin-

utive polyp management called "resect and discard" ( 132,133 ). 

Resect and discard means that endoscopists would estimate the 

pathology of diminutive polyps based on visual examination by 

using image enhancement and then resect and dispose of the 

lesions without submitting tissue to pathology for histologic 

evaluation. Under these circumstances, a high-quality endoscopic 

image would serve as the record of the polyp and the endoscopic 

estimation of its pathologic type.

  Th e goal of most colonoscopies is the detection and prevention 

of CRC. ADR is now designated an outcome measure because of 

the extensive evidence that it correlates directly with CRC and pre-

dicts eff ective prevention of CRC ( 16,30,121 ). Th is correlation is 

partly because colonoscopists with higher ADRs are more likely 

to be accurate when they designate patients as having polyp-free 

colons. In addition, however, adenoma detection and resection 

directly prevent CRC and CRC mortality ( 30,134 ). Because CRC 

prevention is an ideal outcome, and because eff ective polyp detec-

tion or resection are clearly established as the mechanism by which 

colonoscopy produces prevention, ADR is now designated an out-

come measure.

    9a. Frequency with which withdrawal time is measured 

 Level of evidence: 2C

  Performance target: >98%

  Type of measure: process

    9b. Average withdrawal time in negative-result screening colo-

noscopies 

 Level of evidence: 2C

  Performance target: ≥6 min average

  Type of measure: process

   Withdrawal time should be measured in all colonoscopy 

examinations, with the performance target being a ≥6 min 

average withdrawal time in negative-result screening colono-

scopies.

  Discussion: Studies have demonstrated increased detection of 

signifi cant neoplastic lesions in colonoscopic examinations in 

which the average withdrawal time is ≥6 min. We recommend 

that mean withdrawal time should be ≥6 min in normal-result 

colonoscopies performed for CRC screening in average-risk 

patients with intact colons. However, withdrawal time is second-

ary to ADR as a quality measure. Reporting mean withdrawal 

times to colonoscopists with ADRs above targets may not be 

essential or useful. Th e primary utility of withdrawal time may 

be in correcting performance of colonoscopists with substand-

ard ADRs ( 135 ). Retrospective studies, which are of substantial 

value in understanding behaviors associated with detection, 

clearly demonstrate an association between longer withdrawal 

time and higher detection rates ( 7–14 ). Careful examination of 

the colon takes time, which is why studies show an association 

between time and detection. Any colonoscopist may benefi t from 

education regarding withdrawal technique, and better technique 

is likely to be accompanied by increased withdrawal time. Th ere-

fore, we recommend that the withdrawal phase of colonoscopy 

in patients without previous surgical resection, and in whom no 

biopsies or polypectomies are performed, should last ≥6 min on 

average. Each of the previous recommendations has specifi ed that 

the application of this standard to an individual case is not appro-

priate ( 36,80,118 ), because colons diff er in length, and in some 

instances a very well-prepared colon of relatively short length 

and without prominent haustral markings can be carefully exam-

ined in <6 min. Th is caveat is reiterated here, but colonoscopists 

should be aware that anecdotal cases abound where the 6-min-

ute standard has been applied to medicolegal cases involving a 

post-colonoscopy cancer and alleged negligent performance of 

colonoscopy.

    10. Frequency with which biopsy specimens are obtained when 

colonoscopy is performed for an indication of chronic diarrhea 

 Level of evidence: 2C

  Performance target: >98%

  Type of measure: process

  Discussion: Patients with microscopic colitis (collagenous 

and lymphocytic colitis) may have normal-appearing mucosa at 

colonoscopy. Th e diagnosis requires biopsy of otherwise unre-

markable appearing colon. All patients undergoing colonoscopy 

for the evaluation of chronic diarrhea should have biopsy speci-

mens obtained. Th e optimal number and location of biopsies is 

not established, but ≥8 are recommended. Inclusion of samples 

from the proximal colon improves the sensitivity for collagenous 

colitis ( 17,136 ).
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them endoscopically ( 139,140 ). Endoscopic resection is more 

cost eff ective and safer than surgical resection ( 137 ). If referral to 

another endoscopist is anticipated for resection of a large sessile 

lesion, then the endoscopist should avoid snare resection of any 

part of the polyp if possible, because such a partial resection will 

result in a false-positive non-lift ing sign that can make the subse-

quent attempt at endoscopic resection more diffi  cult. Essentially all 

mucosa-based pedunculated polyps can be removed endoscopically. 

All polyps referred for surgical resection should be photographed to 

document the need for surgical resection in the continuous quality 

improvement process. Review of photographs by a second, more 

experienced endoscopist can be useful to ensure the appropriate-

ness of surgical referral. When surgical referral is pursued, correla-

tion of photographs and endoscopic and pathologic measurements 

of polyp size should be undertaken to confi rm the appropriateness 

of surgical referral. Both benign and malignant lesions sent for 

surgical resection that are not in an area that can be indentifi ed 

with certainty by endoscopy (eg, the cecum and proximal ascend-

ing colon where the cecum is still endoscopically visible and the 

rectum) should be marked with ample submucosal injection of 

carbon black in 3 to 4 quadrants to ensure resection of the correct 

segment. If the tattoo cannot be located during surgery, intraopera-

tive colonoscopy is needed to resolve the correct location.

     Intraprocedure research questions

   1  .    What is the most clinically relevant rating system for bowel 

preparation quality? 

  2  .    What tools can improve patient and physician awareness and 

use of split-dose and same-day dosing of bowel preparation? 

  3  .    What factors are associated with an increased risk of having 

an inferior bowel preparation, and what interventions can 

overcome such variations? 

  4  .    Can PDR replace ADR when used prospectively without 

distorting behaviors (eg, increasing resection of distal colon 

hyperplastic polyps or normal polypoid tissue)? 

  5  .    Does improving ADR (or PDR) as part of a quality improve-

ment eff ort result in lower CRC rates? 

  6  .    Is there signifi cant interobserver variation when photo-docu-

mentation of cecal landmarks is reviewed? 

  7  .    Is APC a practical and cost-eff ective measure of the quality of 

mucosal inspection? 

  8  .    Are ADR and proximal serrated lesions correlated? Is a 

separate detection target for proximal colon serrated lesions 

necessary and practical to implement? 

  9  .    Should surveillance follow-up recommendations be altered 

when colonoscopy is performed by endoscopists with high 

ADRs? For example, would patients in this category with 3 or 

more adenomas, all of which are diminutive tubular adeno-

mas, still require follow-up colonoscopy in 3 years? 

  10  .    Does detection of advanced lesions continue to increase as 

the overall ADR increases? 

  11  .    For screening programs that use fecal occult blood or im-

munochemistry testing to select patients for colonoscopy, can 

ADR be used as a quality metric and at what benchmarks? 

    11. Frequency of recommended tissue sampling when colono-

scopy is performed for surveillance in ulcerative colitis and 

Crohn's colitis 

 Level of evidence: 1C

  Performance target: >98%

  Type of measure: process

   Performance of pancolonic chromoendoscopy with targeted 

biopsies or 4 biopsies per 10-cm section of involved colon (or 

approximately 32 biopsies in cases of pan-ulcerative colitis)

  Discussion: Systematic biopsy of the colon and terminal ileum 

can assist in establishing the extent of ulcerative colitis and Crohn’s 

disease and in diff erentiating ulcerative colitis from Crohn's dis-

ease. Recent randomized controlled trials have established that 

pancolonic chromoendoscopy with targeted biopsies results in 

fewer biopsies and better identifi cation of dysplasia ( 19–21 ). 

Alternatively, a systematic biopsy protocol can be used ( 74 ). Th e 

recommended protocol includes biopsies in 4 quadrants from 

each 10 centimeters of the colon, which typically results in 28 to 

32 biopsies. Th e procedure report in ulcerative colitis surveillance 

examinations should note the number and locations of biopsies 

from fl at mucosa and the location and endoscopic appearance of 

any mass or suspicious polypoid lesions that called for biopsy or 

removal.

    12. Frequency with which endoscopic removal of pedunculated 

polyps and sessile polyps <2 cm is attempted before surgical 

referral 

 Level of evidence: 3

  Performance target: >98%

  Type of measure: outcome

   Mucosally based pedunculated polyps and sessile polyps <2 cm 

in size should not be sent for surgical resection without an 

attempt at endoscopic resection or documentation of endo-

scopic inaccessibility.

  Discussion: Colonoscopists should be able to perform biopsy 

and routine polypectomy. Consistent referral of small "routine" 

colorectal polyps identifi ed during diagnostic colonoscopy for 

repeat colonoscopy and polypectomy by others is unaccepta-

ble. On the other hand, referral of technically diffi  cult polyps to 

other more experienced endoscopists for endoscopic resection is 

encouraged.

  In some centers, polyps <2 cm in size have been referred for sur-

gical resection ( 137 ), but such are almost invariably endoscopically 

resectable, if not in routine colonoscopic practice then by expert 

colonoscopists ( 138 ). Consistent referral of sessile polyps <2 cm 

in size for surgical resection is inappropriate. In some cases, these 

polyps may be diffi  cult to access or properly position for polypec-

tomy, and referral to another, more experienced endoscopist may 

be appropriate.

  Endoscopists should not attempt removal of polyps they consider 

beyond their skills or comfort levels and should feel comfortable in 

referring such polyps to other endoscopists for a second opinion 

(eg, review of photographs) or endoscopic resection. Many sessile 

polyps >2 cm in size are removable endoscopically, depending on 

their location within the colon, their size, and the ability to access 
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  12  .    Which technical adjuncts or imaging tools, if any, improve 

adenoma detection, especially by colonoscopists with low ADRs? 

  13  .    What is the optimal duration of the withdrawal phase by 

using white-light colonoscopy (ie, at what duration does 

detection of clinically signifi cant neoplasms plateau)? 

  14  .    Does chromoendoscopy improve targeted biopsies over 

high-defi nition white-light colonoscopy in chronic ulcerative 

colitis? 

  15  .    What is the degree of adherence to recommended biopsy 

protocols or use of chromoendoscopy for infl ammatory 

bowel disease in community practice? 

  16  .    How oft en are patients with polyps <2 cm inappropriately 

undergoing surgical rather than endoscopic resection? 

  17  .    How are large (>2 cm) colon polyps managed in community 

practice, and does this management diff er among colono-

scopists in diff erent specialties (eg, gastroenterologists vs 

surgeons)? 

  18  .    What is the success rate of endoscopic resection of large 

sessile polyps (>2 cm) in community practice? 

  19  .    What polypectomy methods optimize completeness of 

resection of serrated lesions? 

  20  .    How will the need to document ADR for quality reporting 

infl uence the development of optical biopsy for the inter-

pretation of small polyps? 

     Postprocedure quality indicators

  Th e postprocedure period extends from the time the endoscope 

is removed to subsequent follow-up. Postprocedure activities 

include providing instructions to the patient, documentation of 

the procedure, recognition and documentation of adverse events, 

pathology follow-up of, communication with referring physi-

cians, and assessing patient satisfaction ( 38 ). Postprocedure qual-

ity indicators specifi c to performance of colonoscopy include the 

following:

   13. Incidence of perforation by procedure type (all indications 

versus CRC screening/polyp surveillance) and post-polypectomy 

bleeding 

 Level of evidence: 1C

  Performance targets:

   Incidence of perforation—all examinations, <1:500

  Incidence of perforation—screening, <1:1000

  Incidence of post-polypectomy bleeding, <1%

  Type of measure: outcome

  Perforation rates also may be stratifi ed based on use of therapeu-

tic polypectomy with snare or application of cautery with forceps 

versus cold biopsy forceps only.

  Discussion: Perforation is generally considered the most serious 

adverse event presenting in the short term during or aft er colonos-

copy. About 5% of colonoscopic perforations are fatal. Published 

rates of colonoscopic perforation vary widely ( 141–154 ), and few 

studies on this topic have been reported in the past 5 years. A pop-

ulation-based study of Medicare patients reported an overall risk 

of perforation of 1 in 500, but risk of less than 1 in 1000 screen-

ing patients ( 145 ). Expected perforation rates in screening patients 

are lower because the patients are generally healthy and tend not 

to have associated colon conditions that have been associated with 

perforation, including pseudoobstruction, ischemia, severe colitis, 

radiation, stricture formation, bulky colorectal cancers, more severe 

forms of diverticular disease, and chronic corticosteroid therapy.

  Considering all of the available data, perforation rates >1 in 500 

overall or >1 in 1000 in screening patients should initiate review by 

an endoscopy unit medical director or another expert to determine 

whether insertion or polypectomy practice are inappropriate.

  Technical factors that result in perforation as well as those steps 

that prevent perforation are not fully understood or proven eff ec-

tive. Generally accepted advice includes the following. Th e colo-

noscopist should not continue to push against fi xed resistance. 

Loops and bends in the insertion tube should be removed as soon 

as possible. Consider use of a more fl exible instrument (eg, pediat-

ric colonoscope or up per endoscope) when there is severe diver-

ticular disease, sigmoid fi xation, radiated colon, Crohn's colitis, or 

otherwise signifi cantly diseased colon. Avoidance of electrocau-

tery in resection of diminutive polyps and some small (6–9 mm) 

polyps, in favor of cold resection techniques (particularly cold 

snaring), has proven remarkably safe ( 155,156 ). Submucosal injec-

tion likely reduces risk during EMR. A guidewire passed through 

strictures before an attempt to push an endoscope through can 

prevent the instrument tip from sliding off  the stricture and dis-

secting the adjacent colon wall. Caution should be used in dilat-

ing long strictures. In general, graded dilation with inspection of 

strictures before increasing dilator size can help control the depth 

of tear created. Insuffl  ation of carbon dioxide rather than air may 

reduce the risk of barotrauma perforations, particularly in patients 

with partial obstruction or with pseudoobstruction. Perforations 

that are recognized during the procedure may be eff ectively closed 

by the use of metallic hemostatic clips ( 157 ) or by large clips that 

are mounted over the end of the endoscope for application ( 158 ).

  Perforation rates can be very diffi  cult to track over time, espe-

cially in colonoscopists with low procedure volumes. An alter-

native approach is to have the circumstances of all perforations 

reviewed and tracked by the endoscopy unit medical director or 

by an outside expert. Th is "sentinel event" approach can lead to 

changes in systems and changes in physician practice that reduces 

patient risk in future examinations.

  Bleeding is the most common adverse event of polypectomy 

( 141–143,159,160 ). Bleeding can be immediate (during the pro-

cedure) or delayed. In general, the use of blended or cutting cur-

rent is associated with an increased risk of immediate bleeding, 

whereas pure low-power coagulation is associated with a greater 

risk of delayed bleeding ( 161,162 ). In clinical practice, the use of 

pure low-power coagulation or blended current are both common, 

and the use of pure cutting current for polypectomy is rare ( 163 ).

  Endoscopic series suggests that the overall risk of post-polypec-

tomy bleeding should be <1% ( 141,142,159,160 ).

  Overall, bleeding rates that exceed 1% should prompt review by 

experts from within or outside the institution regarding whether 

polypectomy practices are appropriate. In general, the risk of 

bleeding increases with polyp size, proximal colon location, anti-

coagulation, and use of antiplatelet agents such as clopidogrel 
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    15. Frequency with which appropriate recommendation for 

timing of repeat colonoscopy is documented and provided to the 

patient aft er histologic fi ndings are reviewed 

 Level of evidence: 1A

  Performance standard: ≥90%

  Type of measure: process

  Discussion: Colonoscopic screening is recommended in all 

current guidelines at 10-year intervals in the average-risk popu-

lation ( 15,47,48,171 ), at 5 to 10-year intervals among patients 

with 1 or 2 small (<10 mm) tubular adenomas, at 5-year inter-

vals when there is a history of advanced adenomas on previous 

colonoscopies, and at 3-year-intervals for patients with>3 small 

adenomas, an adenoma with villous features or high-grade dys-

plasia, or an adenoma>1 cm in size. However, assessments of 

Medicare colonoscopy codes demonstrated systematic overuse 

of colonoscopy for screening and polyp surveillance by some 

physicians ( 54 ). Th is practice is not cost eff ective and it exposes 

patients to excess risk, and its systematic performance cannot be 

justifi ed.

  Endoscopists should specifi cally document a recommendation 

for a repeat colonoscopy at 10-year intervals aft er a normal screen-

ing colonoscopy in an average-risk patient. If polyps are removed, 

then the pathology data should be used to document recommen-

dations regarding timing for repeat colonoscopy.

     Post-procedure research questions

   1  .    How many perforations are avoidable by improved training, 

altered technique, or new or improved technology? 

  2  .    Do perforation rates vary in clinical practice by specialty or 

by extent of training or duration of experience? 

  3  .    Do diff erent types of electrocautery used for polypectomy 

current defi nitely aff ect adverse event rates and to what 

extent? 

  4  .    Does prophylactic clipping of non-bleeding, large polypec-

tomy sites prevent delayed adverse events? 

  5  .    Does cold snare resection defi nitely reduce adverse events 

from resection of small polyps? 

  6  .    Does submucosal injection defi nitely reduce large sessile 

polyp perforation rates? 

  7  .    Which polypectomy maneuvers can be performed safely in 

patients who must continue to take anticoagulants or anti-

platelet agents? 

  8  .    Are delayed bleeding rates reduced by the use of clips or 

loops aft er polypectomy among patients who need to resume 

anticoagulation therapy? 

  9  .    Does application of cautery to the edge of large, piecemeal-

resected polyps reduce the incidence of incomplete polypec-

tomy? 

  10  .    Does the application of chromoendoscopy or optical 

contrast endoscopy reduce the incidence of incomplete 

polypectomy? 

  11  .    Can soft ware programs be developed to reliably integrate 

pathology data fi elds directly into the endoscopy database 

and eliminate the need for manual entry? 

( 164 ). For polyps >2 cm in size, particularly in the proximal colon, 

bleeding rates may exceed 10% ( 62,138,159,160,165 ).

  Technical measures that help reduce immediate bleeding include 

epinephrine injection for sessile or pedunculated polyps ( 166,167 ) 

and detachable loops for pedunculated polyps ( 167,168 ). Cold 

resection techniques have not been associated with delayed hem-

orrhage from diminutive polyps and some small (6–9 mm) polyps. 

Eff ective methods of reducing delayed bleeding from large sessile 

and fl at lesions remains uncertain but, as noted earlier, the risk 

may be related to cautery type. Some experts advocate the use of 

microprocessor-controlled alternating coagulation and/or cutting 

currents to limit thermal injury and reduce the delayed bleeding 

risk when these lesions are resected ( 140 ), but controlled evidence 

is lacking.

    14. Frequency with which post-polypectomy bleeding is managed 

without surgery 

 Level of evidence: 1C

  Performance target: ≥90%

  Type of measure: outcome

   In ongoing bleeding, repeat colon examination and endoscopic 

treatment of polypectomy sites results in successful hemostasis.

  Discussion: In general, >90% of post-polypectomy bleeding can 

be managed without surgery. Immediate post-polypectomy bleed-

ing can generally be treated eff ectively by endoscopic means and 

should seldom require operative treatment. Immediate bleeding 

from the stalk of a pedunculated polyp aft er transection can be 

treated by re-grasping the stalk and holding it for 10 or 15 min. 

Th is causes spasm in the bleeding artery. Immediate bleeding also 

can be treated by application of clips or by injection of epinephrine 

( 169 ), followed by application of multipolar cautery ( 170 ). Imme-

diate bleeding is not considered an adverse event unless it results 

in hospitalization, transfusion, or surgery.

  Risk factors for delayed bleeding include large polyp size, 

proximal colon location, anticoagulation, and possibly the use 

of low-power coagulation current for electrocautery ( 159,160 ). 

Delayed bleeding frequently stops spontaneously ( 170 ). In-hos-

pital observation may be appropriate if the patient has comorbid-

ities or lives far from the treating physician. Repeat colonoscopy 

in patients who have stopped bleeding is optional and should 

be performed at the discretion of the colonoscopist. Patients 

who present with delayed bleeding and are continuing to pass 

bright red blood usually are having an ongoing arterial hemor-

rhage. Prompt repeat colonoscopy, which may be performed 

without bowel preparation ( 170 ), is warranted. Treatment can 

be by application of clips ( 169 ) or injection in combination 

with multipolar cautery ( 170 ). Multipolar cautery is generally 

applied at low power, without forceful tamponade (especially 

in the proximal colon) and is continued until there is subjective 

cessation of bleeding. Findings in the base of the bleeding pol-

ypectomy site can include an actively bleeding visible vessel, a 

non-bleeding visible vessel, an apparent clot without bleeding, or 

an apparent clot with bleeding. Repeat bleeding seldom occurs 

aft er postpolypectomy bleeding has stopped spontaneously or 

from endoscopic therapy.
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     Priority indicators for colonoscopy

  For colonoscopy, the recommended priority indicators are (1) 

ADR, (2) use of recommended intervals between colonoscopies 

performed for average-risk CRC screening and colon polyp sur-

veillance, and (3) cecal intubation rate with photographic docu-

mentation ( Table 5 ). For each of these indicators, reaching the 

recommended performance target is considered strongly asso-

ciated with important clinical outcomes. Th ese indicators can 

 Table 4  .     Summary of proposed quality indicators for colonoscopy  a   

  Quality indicator    Grade of 

recommendation  

  Measure 

type  

  Performance 

target (%)  

  Preprocedure  

   1. Frequency with which colonoscopy is performed for an indication that is included in a published 

standard list of appropriate indications, and the indication is documented 

 1C+  Process  >80 

   2. Frequency with which informed consent is obtained, including specifi c discussions of risks associ-

ated with colonoscopy, and fully documented 

 1C  Process  >98 

   3. Frequency with which colonoscopies follow recommended post-polypectomy and post-cancer re-

section surveillance intervals and 10-year intervals between screening colonoscopies in average-risk 

patients who have negative examination results and adequate bowel cleansing (priority indicator) 

 1A  Process  ≥90 

   4. Frequency with which ulcerative colitis and Crohn's colitis surveillance is recommended within 

proper intervals 

 2C  Process  ≥90 

  Intraprocedure  

  5. Frequency with which the procedure note documents the quality of preparation  3  Process  >98 

   6. Frequency with which bowel preparation is adequate to allow the use of recommended surveil-

lance or screening intervals 

 3  Process  ≥85 of outpatient 

examinations 

   7. Frequency with which visualization of the cecum by notation of landmarks and photodocumenta-

tion of landmarks is documented in every procedure (priority indicator) 

 1C  Process   

   Cecal intubation rate with photography (all examinations)      ≥90 

   Cecal intubation rate with photography (screening)      ≥95 

   8. Frequency with which adenomas are detected in asymptomatic average-risk individuals 

(screening) (priority indicator) 

 1C  Outcome   

   Adenoma detection rate for male/female population      ≥25 

   Adenoma detection rate for male patients      ≥30 

   Adenoma detection rate for female patients      ≥20 

  9a. Frequency with which withdrawal time is measured  2C  Process  >98 

  9b. Average withdrawal time in negative-result screening colonoscopies  2C  Process  ≥6 min 

   10. Frequency with which biopsy specimens are obtained when colonoscopy is performed for an 

indication of chronic diarrhea 

 2C  Process  >98 

   11. Frequency of recommended tissue sampling when colonoscopy is performed for surveillance in 

ulcerative colitis and Crohn's colitis 

 1C  Process  >98 

   12. Frequency with which endoscopic removal of pedunculated polyps and sessile polyps <2 cm is 

attempted before surgical referral 

 3  Outcome  >98 

  Postprocedure  

   13. Incidence of perforation by procedure type (all indications vs colorectal cancer screening/polyp 

surveillance) and post-polypectomy bleeding 

 1C  Outcome   

   Incidence of perforation—all examinations      <1:500 

   Incidence of perforation—screening      <1:1000 

   Incidence of post-polypectomy bleeding      <1% 

  14. Frequency with which post-polypectomy bleeding is managed without surgery  1C  Outcome  ≥90 

   15. Frequency with which appropriate recommendation for timing of repeat colonoscopy is 

documented and provided to the patient after histologic fi ndings are reviewed 

 1A  Process  ≥90 

   a   This list of potential quality indicators is meant to be a comprehensive listing of measurable end points. It is not the intention of the task force that all end points be 

measured in every practice setting. In most cases, validation may be required before a given end point may be adopted universally.  
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because current evidence indicates that low-level detection endan-

gers patients ( 16 ). Th is recommendation holds for colonoscopists 

of all specialties.

     CONCLUSION

  Reduction in variation in quality has emerged as an impor-

tant priority for colonoscopy practice. Th e continuous quality 

improvement process should be instituted and embraced in all 

colonoscopy practices. Th is article summarizes current evidence 

and expert consensus on quality indictors to be used in this pro-

cess ( Table 4 ). Th e task force has created a comprehensive list of 

potential quality indicators along with a set of performance tar-

gets based on benchmarking data where available. Th ese propos-

als refl ect a signifi cant evolution from the fi rst set of indicators 

described in 2006 ( 36 ), both in terms of what is feasible to measure 

and in terms of evidence about best practices and association with 

outcome. For the fi rst time, the task force recommends 3 prior-

ity quality indicators that every colonoscopy practice should track 

( Table 5 ). Practices that are initiating the quality process should 

focus on the priority indicators fi rst. Th e performance of high-

quality colonoscopy and its documentation in a quality improve-

ment program is the most important role of the colonoscopist in 

the multi-specialty eff ort to reduce CRC incidence and mortality.

    ABBREVIATIONS 

  ACG  ,    American College of Gastroenterology    ;    ADR  ,    adenoma 

detection rate    ;    APC  ,    adenoma per colonoscopy    ;    ASGE  ,    American 

Society for Gastrointestinal Endoscopy    ;    CRC  ,    colorectal cancer    ; 

   PDR  ,    polyp detection rate
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be measured readily in a manageable number of examinations 

and, for each, there is evidence of substantial variation in perfor-

mance ( 122 ). In addition, there is evidence for both ADR and the 

use of recommended screening and surveillance intervals that 

simple educational and corrective measures can improve perfor-

mance ( 172 ).

    Correction of poor performance

  Th e primary purpose of measuring quality indicators is to improve 

patient care by identifying poor performers and retraining them 

or removing privileges to perform colonoscopy if performance 

cannot be improved. When individual colonoscopists have ADRs 

below the recommended threshold, they must demonstrate 

improvement. Corley ( 172 ) recently reviewed the developing 

literature on improving detection. Retrospective studies provide 

overwhelming evidence that withdrawal time is positively associ-

ated with detection ( 7–14 ), but forcing colonoscopists to observe 

longer withdrawal times is generally not eff ective in improving 

detection ( 172 ), probably because studies with negative results 

typically have not included specifi c instruction about how the 

increased time should be used ( 173 ).

  If endoscopists with low ADRs are not using split-dose prepara-

tion, they should immediately switch to split dosing. Th e two most 

eff ective interventions regarding colonoscopy skills for improv-

ing ADR have both involved education ( 135,174 ), which should 

include information on the spectrum of precancerous lesions. Th e 

task force recommends instruction in the Paris classifi cation ( 175 ) 

to emphasize the importance of fl at and depressed lesions and 

review of photographs of fl at and depressed conventional adeno-

mas ( 176 ) and serrated lesions ( 177 ). Education also should include 

instruction in withdrawal technique that has been repeatedly asso-

ciated with improved detection, including probing the proximal 

sides of folds, cleaning up pools of retained fl uid and mucus, and 

ensuring adequate distention of the entire colon ( 7,178 ).

  Finally, technical adjuncts to imaging can be considered ( 179 ). 

Electronic chromoendoscopy (Olympus narrowband imaging, 

Fujinon Intelligent Chromo Endoscopy, Pentax i-scan) has been 

ineff ective in improving detection, but the investigators were typi-

cally endoscopists with high ADRs ( 179 ). One study suggested 

that narrowband imaging induced a learning eff ect that improved 

white-light detection in endoscopists with low ADRs ( 180 ). Con-

ventional chromoendoscopy has produced gains in detection of 

tiny adenomas and, in a large recent randomized trial, produced 

a nearly signifi cant increase in detection of advanced adenomas 

( 181 ). A recent meta-analysis indicated that cap-fi tted colonos-

copy produces small gains in detection of small adenomas ( 182 ). 

A tandem study found improved detection with the Th ird-Eye 

Retroscope, but failed to control withdrawal times in the two 

study arms ( 183 ). Th ese technologies should be tested specifi cally 

for their capacity to improve detection by endoscopists with low 

ADRs. Pending such studies, even case studies of their eff ect on 

endoscopists with low ADRs would be of interest.

  Colonoscopists who cannot improve their detection rates to 

reach recommended ADR thresholds through education and tech-

nical measures should have their colonoscopy privileges removed, 

 Table 5  .     Priority quality indicators for colonoscopy  a   

 Frequency with which adenomas are detected in asymptomatic average-

risk individuals (screening) 

 Frequency with which colonoscopies follow recommended post-polypecto-

my and post-cancer resection surveillance intervals and 10-year intervals 

between screening colonoscopies in average-risk patients who have 

negative examination results and adequate bowel cleansing 

 Frequency with which visualization of the cecum by notation of landmarks 

and photodocumentation of landmarks is documented in every procedure 

   a   See text for specifi c targets and discussion.  



Quality Indicators for Colonoscopy

© 2015 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

 

87

    REFERENCES 
1.    Centers for Disease Control and Prevention  .   Vital signs: colorectal cancer 

screening test use—United States, 2012  .   MMWR Morb Mortal Wkly Rep   
  2013  ;  62  :  881  –  8 .   

2.      Peery     AF   ,    Dellon     ES   ,    Lund     J    et al.       Burden of gastrointestinal disease in the 
United States: 2012 update  .   Gastroenterology     2012  ;  143  :  1179  –  87 .   

3.      McLachlan     SA   ,    Clements     A   ,    Austoker     J   .   Patients' experiences and 
reported barriers to colonoscopy in the screening context—a systematic 
review of the literature  .   Patient Educ Couns     2012  ;  86  :  137  –  46 .   

4.      Harewood     GC   ,    Sharma     VK   ,    de Garmo     P   .   Impact of colonoscopy prepara-
tion quality on detection of suspected colonic neoplasia  .   Gastrointest 
Endosc     2003  ;  58  :  76  –  9 .   

5.      Froehlich     F   ,    Wietlisbach     V   ,    Gonvers     JJ    et al.       Impact of colonic cleansing 
on quality and diagnostic yield of colonoscopy: the European Panel of Ap-
propriateness of Gastrointestinal Endoscopy European multicenter study  . 
  Gastrointest Endosc     2005  ;  61  :  378  –  84 .   

6.      Rex     DK   ,    Imperiale     TF   ,    Latinovich     DR    et al.       Impact of bowel preparation 
on effi  ciency and cost of colonoscopy  .   Am J Gastroenterol     2002  ;  97  :  
1696  –  700 .   

7.      Rex     DK.   .   Colonoscopic withdrawal technique is associated with adenoma 
miss rates  .   Gastrointest Endosc     2000  ;  51  :  33  –  6 .   

8.      Lee     RH   ,    Tang     RS   ,    Muthusamy     VR    et al.       Quality of colonoscopy withdraw-
al technique and variability in adenoma detection rates (with videos)  . 
  Gastrointest Endosc     2011  ;  74  :  128  –  34 .   

9.      Barclay     R   ,    Vicari     JJ   ,    Johanson     JF    et al.       Variation in adenoma detection 
rates and colonoscopic withdrawal times during screening colonoscopy 
[abstract]  .   Gastrointest Endosc     2005  ;  61  :  AB107  .  

10.      Sanchez     W   ,    Harewood     GC   ,    Petersen     BT   .   Evaluation of polyp detection in 
relation to procedure time of screening or surveillance colonoscopy  .   Am J 
Gastroenterol     2004  ;  99  :  1941  –  5 .   

11.      Fatima     H   ,    Rex     DK   ,    Rothstein     R    et al.       Cecal insertion and withdrawal 
times with wide-angle versus standard colonoscopes: a randomized 
controlled trial  .   Clin Gastroenterol Hepatol     2008  ;  6  :  109  –  14 .   

12.      Simmons     DT   ,    Harewood     GC   ,    Baron     TH    et al.       Impact of endoscopist 
withdrawal speed on polyp yield: implications for optimal colonoscopy 
withdrawal time  .   Aliment Pharmacol Th er     2006  ;  24  :  965  –  71 .   

13.      Lim     G   ,    Viney     SK   ,    Chapman     BA    et al.       A prospective study of endoscopist-
blinded colonoscopy withdrawal times and polyp detection rates in a 
tertiary hospital  .   N Z Med J     2012  ;  125  :  52  –  9 .   

14.      Lin     OS   ,    Kozarek     RA   ,    Arai     A    et al.       Th e eff ect of periodic monitoring and 
feedback on screening colonoscopy withdrawal times, polyp detec tion 
rates, and patient satisfaction scores  .   Gastrointest Endosc     2010  ;  71  :
  1253  –  9 .   

15.      Lieberman     DA   ,    Rex     DK   ,    Winawer     SJ    et al.       Guidelines for colonoscopy 
surveillance aft er screening and polypectomy: a consensus update by the 
US Multi-Society Task Force on Colorectal Cancer  .   Gastroenterology   
  2012  ;  143  :  844  –  57 .   

16.      Kaminski     MF   ,    Regula     J   ,    Kraszewska     E    et al.       Quality indicators for colono-
scopy and the risk of interval cancer  .   N Engl J Med     2010  ;  362  :  1795  –  803 .   

17.      Rubin     CE   ,    Haggitt     RC   ,    Burmer     GC    et al.       DNA aneuploidy in colonic 
biopsies predicts future development of dysplasia in ulcerative colitis  . 
  Gastroenterology     1992  ;  103  :  1611  –  20 .   

18.      Jess     T   ,    Simonsen     J   ,    Jorgensen     KT    et al.       Decreasing risk of colorectal cancer 
in patients with infl ammatory bowel disease over 30 years  .   Gastroenterol-
ogy     2012  ;  143  :  375  –  81 .   

19.      Kiesslich     R   ,    Fritsch     J   ,    Holtmann     M    et al.       Methylene blue-aided chro-
moendoscopy for the detection of intraepithelial neoplasia and colon 
cancer in ulcerative colitis  .   Gastroenterology     2003  ;  124  :  880  –  8 .   

20.      Rutter     MD   ,    Saunders     BP   ,    Schofi eld     G    et al.       Pancolonic indigo carmine 
dye spraying for the detection of dysplasia in ulcerative colitis  .   Gut   
  2004  ;  53  :  256  –  60 .   

21.      Wu     L   ,    Li     P   ,    Wu     J    et al.       Th e diagnostic accuracy of chromoendoscopy for 
dysplasia in ulcerative colitis: meta-analysis of six randomized controlled 
trials  .   Colorectal Dis     2012  ;  14  :  416  –  20 .   

22.      Chukmaitov     A   ,    Bradley     CJ   ,    Dahman     B    et al.       Association of polypectomy 
techniques, endoscopist volume, and facility type with colonoscopy com-
plications  .   Gastrointest Endosc     2013  ;  77  :  436  –  46 .   

23.      Baxter     NN   ,    Goldwasser     MA   ,    Paszat     LF    et al.       Association of colonoscopy 
and death from colorectal cancer  .   Ann Intern Med     2009  ;  150  :  1  –  8 .   

24.      Brenner     H   ,    Chang-Claude     J   ,    Seiler     CM    et al.       Does a negative screening 
colonoscopy ever need to be repeated?     Gut     2006  ;  55  :  1145  –  50 .   

25.      Lakoff      J   ,    Paszat     LF   ,    Saskin     R    et al.       Risk of developing proximal versus 
distal colorectal cancer aft er a negative colonoscopy: a population-based 
study  .   Clin Gastroenterol Hepatol     2008  ;  6  :  1117  –  21 .   

26.      Singh     H   ,    Nugent     Z   ,    Mahmud     SM    et al.       Predictors of colorectal cancer 
aft er negative colonoscopy: a population-based study  .   Am J Gastroenterol   
  2010  ;  105  :  663  –  73 .   

27.      Singh     H   ,    Nugent     Z   ,    Demers     AA    et al.       Th e reduction in colorectal cancer 
mortality aft er colonoscopy varies by site of the cancer  .   Gastroenterology   
  2010  ;  139  :  1128  –  37 .   

28.      Brenner     H   ,    Chang-Claude     J   ,    Seiler     CM    et al.       Protection from colorectal 
cancer aft er colonoscopy: a population-based, case-control study  .   Ann 
Intern Med     2011  ;  154  :  22  –  30  

29.      Rex     DK   ,    Rahmani     EY   ,    Haseman     JH    et al.       Relative sensitivity of colono-
scopy and barium enema for detection of colorectal cancer in clinical 
practice  .   Gastroenterology     1997  ;  112  :  17  –  23 .   

30.      Baxter     N   ,    Sutradhar     R   ,    Forbes     DD    et al.       Analysis of administrative data 
fi nds endoscopist quality measures asociated with post-colonoscopy 
colorectal cancer  .   Gastroenterology     2011  ;  140  :  65  –  72  

31.      Rabeneck     L   ,    Paszat     LF   ,    Saskin     R.   .   Endoscopist specialty is associated with 
incident colorectal cancer aft er a negative colonoscopy  .   Clin Gastroenterol 
Hepatol     2010  ;  8  :  275  –  9 .   

32.      Baxter     NN   ,    Warren     JL   ,    Barrett     MJ    et al.       Association between colonoscopy 
and colorectal cancer mortality in a US cohort according to site of cancer 
and colonoscopist specialty  .   J Clin Oncol     2012  ;  30  :  2664  –  9 .   

33.      Ko     CW   ,    Dominitz     JA   ,    Green     P    et al.       Specialty diff erences in polyp detec-
tion, removal, and biopsy during colonoscopy  .   Am J Med     2010  ;  123  :
  528  –  35 .   

34.      Pox     CP   ,    Altenhofen     L   ,    Brenner     H    et al.       Effi  cacy of a nationwide screen-
ing colonoscopy program for colorectal cancer  .   Gastroenterology   
  2012  ;  142  :  1460  –  7 .   

35.      Petersen     BT   .   Quality assurance for endoscopists  .   Best Pract Res Clin 
Gastroenterol     2011  ;  25  :  349  –  60 .   

36.      Rex     DK   ,    Petrini     JL   ,    Baron     TH    et al.       Quality indicators for colonoscopy  . 
  Gastrointest Endosc     2006  ;  63  :  S16  –  S28 .   

37.      Faigel     DO   ,    Pike     IM   ,    Baron     TH    et al.       Quality indicators for gastro-
intestinal endoscopic procedures: an introduction  .   Gastrointest Endosc   
  2006  ;  63  :  S3  –  S9 .   

38.      Rizk     MK   ,    Sawhney     MS   ,    Cohen     J    et al.       Quality indicators common to all 
GI endoscopic procedures  .   Gastrointest Endosc     2015  ,   In Press     

39.      Early     DS   ,    Ben-Menachem     T   ,    Decker     GA    et al.       Appropriate use of GI 
endoscopy  .   Gastrointest Endosc     2012  ;  75  :  1127  –  31 .   

40.      Balaguer     F   ,    Llach     J   ,    Castells     A    et al.       Th e European panel on the appro-
priateness of gastrointestinal endoscopy guidelines colonoscopy in an 
open-access endoscopy unit: a prospective study  .   Aliment Pharmacol 
Th er     2005  ;  21  :  609  –  13 .   

41.      Vader     JP   ,    Pache     I   ,    Froehlich     F    et al.       Overuse and underuse of colonoscopy 
in a European primary care setting  .   Gastrointest Endosc     2000  ;  52  :  593  –  9 .   

42.      de Bosset     V   ,    Froehlich     F   ,    Rey     JP    et al.       Do explicit appropriateness criteria 
enhance the diagnostic yield of colonoscopy?     Endoscopy     2002  ;  34  :  360  –  8 .   

43.      Terraz     O   ,    Wietlisbach     V   ,    Jeannot     JG    et al.       Th e EPAGE internet guideline 
as a decision support tool for determining the appropriateness of colonos-
copy  .   Digestion     2005  ;  71  :  72  –  7 .   

44.      Morini     S   ,    Hassan     C   ,    Meucci     G    et al.       Diagnostic yield of open ac-
cess colonoscopy according to appropriateness  .   Gastrointest Endosc   
  2001  ;  54  :  175  –  9 .   

45.      Bersani     G   ,    Rossi     A   ,    Ricci     G    et al.       Do ASGE guidelines for the appropriate 
use of colonoscopy enhance the probability of fi nding relevant pathologies 
in an open access service?     Dig Liver Dis     2005  ;  37  :  609  –  14 .   

46.      Baron     TH   ,    Kimery     BD   ,    Sorbi     D    et al.       Strategies to address increased 
demand for colonoscopy: guidelines in an open endoscopy practice  .   Clin 
Gastroenterol Hepatol     2004  ;  2  :  178  –  82 .   

47.      Rex     DK   ,    Johnson     DA   ,    Anderson     JC    et al.       American College of Gastroen-
terology guidelines for colorectal cancer screening 2008  .   Am J Gastroen-
terol     2009  ,   104  –  739  –  50 .   

48.      Levin     B   ,    Lieberman     DA   ,    McFarland     B    et al.       Screening and surveillance for 
the early detection of colorectal cancer and adenomatous polyps, 2008: a 
joint guideline from the American Cancer Society, the US Multi-Society 
Task Force on Colorectal Cancer, and the American College of Radiology  . 
  Gastroenterology     2008  ;  134  :  1570  –  95 .   

49.      Brenner     H   ,    Chang-Claude     J   ,    Seiler     CM    et al.       Long-term risk of colorectal 
cancer aft er negative colonoscopy  .   J Clin Oncol     2011  ;  29  :  3761  –  7 .   

50.      Imperiale     TF   ,    Glowinski     EA   ,    Lin-Cooper     C    et al.       Five-year risk of 
colorectal neoplasia aft er negative screening colonoscopy  .   N Engl J Med   
  2008  ;  359  :  1218  –  24 .   

51.      Rex     DK   ,    Cummings     OW   ,    Helper     DJ    et al.       5-year incidence of adenomas 
aft er negative colonoscopy in asymptomatic average-risk persons [see 
comment]  .   Gastroenterology     1996  ;  111  :  1178  –  81 .   



Rex  et al. 

The American Journal of GASTROENTEROLOGY VOLUME 110 | JANUARY 2015   www.amjgastro.com

 
88

American Society of Colon and Rectal Surgeons (ASCRS), the Ameri-
can Society for Gastrointestinal Endoscopy (ASGE), and the Society of 
American Gastrointestinal and Endoscopic Surgeons (SAGES)  .   Surg 
Endosc     2006  ;  20  :  1161  .  

78.      Larsen     M   ,    Hills     N   ,    Terdiman     J   .   Th e impact of the quality of colon prepara-
tion on follow-up colonoscopy recommendations  .   Am J Gastroenterol   
  2011  ;  106  :  2058  –  62 .   

79.      Manno     M   ,    Pigo     F   ,    Manta     R    et al.       Bowel preparation with polyethylene 
glycol electrolyte solution: optimizing the splitting regimen  .   Dig Liver Dis   
  2012  ;  44  :  576  –  9 .   

80.      Rex     DK   ,    Bond     JH   ,    Winawer     S    et al.       Quality in the technical performance 
of colonoscopy and the continuous quality improvement process for 
colonoscopy: recommendations of the U.S. Multi-Society Task Force on 
Colorectal Cancer  .   Am J Gastroenterol     2002  ;  97  :  1296  –  308 .   

81.      Calderwood     AH   ,    Jacobson     BC   .   Comprehensive validation of the Boston 
Bowel Preparation Scale  .   Gastrointest Endosc     2010  ;  72  :  686  –  92 .   

82.      Rostom     A   ,    Jolicoeur     E.   .   Validation of a new scale for the assessment of 
bowel preparation quality  .   Gastrointest Endosc     2004  ;  59  :  482  –  6 .   

83.      Lebwohl     B   ,    Kastrinos     F   ,    Glick     M    et al.       Th e impact of suboptimal bowel 
preparation on adenoma miss rates and the factors associated with early 
repeat colonoscopy  .   Gastrointest Endosc     2011  ;  73  :  1207  –  14 .   

84.      Rex     DK   ,    Kahi     CJ   ,    Levin     B    et al.       Guidelines for colonoscopy surveillance 
aft er cancer resection: a consensus update by the American Cancer 
Society and the US Multi-Society Task Force on Colorectal Cancer  . 
  Gastroenterology     2006  ;  130  :  1865  –  71 .   

85.      DiPalma     JA   ,    Rodriguez     R   ,    McGowan     J    et al.       A randomized clinical 
study evaluating the safety and effi  cacy of a new, reduced-volume, oral 
sulfate colon-cleansing preparation for colonoscopy  .   Am J Gastroenterol   
  2009  ;  104  :  2275  –  84 .   

86.      Rex     DK   ,    Katz     PO   ,    Bertiger     G    et al.       Split-dose administration of a dual-
action, low-volume bowel cleanser for colonoscopy: the SEE CLEAR I 
study  .   Gastrointest Endosc     2013  ;  78  :  132  –  41 .   

87.      Kilgore     TW   ,    Abdinoor     AA   ,    Szary     NM    et al.       Bowel preparation with 
split-dose polyethylene glycol before colonoscopy: a meta-analysis of 
randomized controlled trials  .   Gastrointest Endosc     2011  ;  73  :  1240  –  5 .   

88.      Varughese     S   ,    Kumar     AR   ,    George     A    et al.       Morning-only one-gallon poly-
ethylene glycol improves bowel cleansing for aft ernoon colonoscopies: a 
randomized endoscopist-blinded prospective study  .   Am J Gastroenterol   
  2010  ;  105  :  2368  –  74 .   

89.     Practice guidelines for preoperative fasting and the use of pharmacologic 
agents to reduce the risk of pulmonary aspiration: application to healthy 
patients undergoing elective procedures: an updated report by the Ameri-
can Society of Anesthesiologists Committee on Standards and Practice 
Parameters  .   Anesthesiology     2011  ;  114  :  495  –  511  

90.      Huff man     M   ,    Unger     RZ   ,    Th atikonda     C    et al.       Split-dose bowel preparation 
for colonoscopy and residual gastric fl uid volume: an observational study  . 
  Gastrointest Endosc     2010  ;  72  :  516  –  22 .   

91.      Williams     C   .   Insertion technique  .   In:       Waye     JD   ,    Rex     DK   ,    Williams     CB       edi-
tors.     Colonoscopy principles and practice  ,   2nd ed.     Wiley-Blackwell  :   UK 
London  ,   2009  ,   p     537  –  59 .   

92.      Rex     DK   .   Still photography versus videotaping for documentation of cecal 
intubation: a prospective study  .   Gastrointest Endosc     2000  ;  51  :  451  –  9 .   

93.      Marshall     JB   ,    Barthel     JS   .   Th e frequency of total colonoscopy and terminal 
ileal intubation in the 1990s  .   Gastrointest Endosc     1993  ;  39  :  518  –  20 .   

94.      Johnson     DA   ,    Gurney     MS   ,    Volpe     RJ    et al.       A prospective study of the preva-
lence of colonic neoplasms in asymptomatic patients with an age-related 
risk  .   Am J Gastroenterol     1990  ;  85  :  969  –  74 .   

95.      Foutch     PG   ,    Mai     H   ,    Pardy     K    et al.       Flexible sigmoidoscopy may be ineff ec-
tive for secondary prevention of colorectal cancer in asymptomatic, 
average-risk men  .   Dig Dis Sci     1991  ;  36  :  924  –  8 .   

96.      Lieberman     DA   ,    Smith     FW   .   Screening for colon malignancy with colono-
scopy  .   Am J Gastroenterol     1991  ;  86  :  946  –  51 .   

97.      Rogge     JD   ,    Elmore     MF   ,    Mahoney     SJ    et al.       Low-cost, offi  ce-based, screening 
colonoscopy  .   Am J Gastroenterol     1994  ;  89  :  1775  –  80 .   

98.      Rex     D   ,    Sledge     G   ,    Harper     P    et al.       Colonic neoplasia in asymptomatic per-
sons with negative fecal occult blood tests: infl uence of age, gender, and 
family history  .   Am J Gastroenterol     1993  ;  88  :  825  –  31 .   

99.      Kadakia     S   ,    Wrobleski     C   ,    Kadakia     A    et al.       Prevelance of proximal colonic 
polyps in average-risk asymptomatic patients with negative fecal occult 
blood tests and fl exible sigmoidoscopy  .   Gastrointest Endosc     1996  ;  44  :
  112  –  7 .   

100.      Lieberman     DA   ,    Weiss     DG   ,    Bond     JH    et al.       Use of colonoscopy to screen 
asymptomatic adults for colorectal cancer. Veterans Aff airs Cooperative 
Study Group 380  .   N Engl J Med     2000  ;  343  :  162  –  8 .   

52.      Selby     JV   ,    Friedman     GD   ,    Quesenberry     CP  Jr    et al.       A case-control study of 
screening sigmoidoscopy and mortality from colorectal cancer  .   N Engl J 
Med     1992  ;  326  :  653  –  7 .   

53.      Newcomb     PA   ,    Storer     BE   ,    Morimoto     LM    et al.       Long-term effi  cacy of sig-
moidoscopy in the reduction of colorectal cancer incidence  .   J Natl Cancer 
Inst     2003  ;  95  :  622  –  5 .   

54.      Goodwin     JS   ,    Singh     A   ,    Reddy     N    et al.       Overuse of screening colonoscopy in 
the Medicare population  .   Arch Intern Med     2011  ;  171  :  1335  –  43 .   

55.      Mysliwiec     PA   ,    Brown     ML   ,    Klabunde     CN    et al.       Are physicians doing too 
much colonoscopy? A national survey of colorectal surveillance aft er 
polypectomy  .   Ann Intern Med     2004  ;  141  :  264  –  71 .   

56.      Saini     SD   ,    Nayak     RS   ,    Kuhn     L    et al.       Why don't gastroenterologists follow 
colon polyp surveillance guidelines? Results of a national survey  .   J Clin 
Gastroenterol     2009  ;  43  :  554  –  8 .   

57.      Burke     C   ,    Issa     M   ,    Church     J   .   A nationwide survey of post-polypectomy 
surveillance colonoscopy: too many too soon!  .   Gastroenterology   
  2005  ;  128  :  A566  .  

58.      Boolchand     V   ,    Singh     J   ,    Olds     G    et al.       Colonoscopy surveillance aft er 
polypectomy: a national survey study of primary care physicians  .   Am J 
Gastroenterol     2005  ;  100  :  S384  –  S385 .   

59.      Kim     ER   ,    Sinn     DH   ,    Kim     JY    et al.       Factors associated with adherence to 
the recommended postpolypectomy surveillance interval  .   Surg Endosc   
  2012  ;  26  :  1690  –  5 .   

60.      Shah     TU   ,    Voils     CI   ,    McNeil     R    et al.       Understanding gastroenterolo-
gist adherence to polyp surveillance guidelines  .   Am J Gastroenterol   
  2012  ;  107  :  1283  –  7 .   

61.      Schoen     RE   ,    Pinsky     PF   ,    Weissfeld     JL    et al.       Utilization of surveillance 
colonoscopy in community practice  .   Gastroenterology     2010  ;  138  :  73  –  81  

62.      Khashab     M   ,    Eid     E   ,    Rusche     M    et al.       Incidence and predictors of "late" 
recurrences aft er endoscopic piecemeal resection of large sessile 
adenomas  .   Gastrointest Endosc     2009  ;  70  :  344  –  9 .   

63.      Finkelstein     S   ,    Bini     EJ   .   Annual fecal occult blood testing can be safely 
suspended for up to 5 years aft er a negative colonoscopy in asymptomatic 
average-risk patients [abstract]  .   Gastrointest Endosc     2005  ;  61  :  AB250  .  

64.      Bampton     PA   ,    Sandford     JJ   ,    Cole     SR    et al.       Interval faecal occult blood 
testing in a colonoscopy based screening programme detects additional 
pathology  .   Gut     2005  ;  54  :  803  –  6 .   

65.      Katzka     I   ,    Brody     RS   ,    Morris     E    et al.       Assessment of colorectal cancer risk in 
patients with ulcerative colitis: experience from a private practice  .   Gastro-
enterology     1983  ;  85  :  22  –  9 .   

66.      Friedman     S   ,    Rubin     PH   ,    Bodian     C    et al.       Screening and surveillance 
colono scopy in chronic Crohn's colitis  .   Gastroenterology     2001  ;  120  :  820  –  6 .   

67.      Connell     WR   ,    Talbot     IC   ,    Harpaz     N    et al.       Clinicopathological charac-
teristics of colorectal carcinoma complicating ulcerative colitis  .   Gut   
  1994  ;  35  :  1419  –  23 .   

68.      Karlen     P   ,    Kornfeld     D   ,    Brostrom     O    et al.       Is colonoscopic surveillance 
reducing colorectal cancer mortality in ulcerative colitis? A population 
based case control study  .   Gut     1998  ;  42  :  711  –  4 .   

69.      Bernstein     CN   ,    Weinstein     WM   ,    Levine     DS    et al.       Physicians' perceptions of 
dysplasia and approaches to surveillance colonoscopy in ulcerative colitis  . 
  Am J Gastroenterol     1995  ;  90  :  2106  –  14 .   

70.      Eaden     JA   ,    Ward     BA   ,    Mayberry     JF   .   How gastroenterologists screen for 
colonic cancer in ulcerative colitis: an analysis of performance  .   Gastro-
intest Endosc     2000  ;  51  :  123  –  8 .   

71.      Kornbluth     A   ,    Sachar     DB   .   Ulcerative colitis practice guidelines in adults: 
American College Of Gastroenterology, Practice Parameters Committee  . 
  Am J Gastroenterol     2010  ;  105  :  501  –  23 .   

72.      Provenzale     D   ,    Onken     J   .   Surveillance issues in infl ammatory bowel disease: 
ulcerative colitis  .   J Clin Gastroenterol     2001  ;  32  :  99  –  105 .   

73.      Herrinton     LJ   ,    Liu     L   ,    Levin     TR    et al.       Incidence and mortality of colorectal 
adenocarcinoma in persons with infl ammatory bowel disease from 1998 
to 2010  .   Gastroenterology     2012  ;  143  :  382  –  9 .   

74.      Rutter     MD   ,    Saunders     BP   ,    Wilkinson     KH    et al.       Cancer surveillance in long-
standing ulcerative colitis: endoscopic appearances help predict cancer 
risk  .   Gut     2004  ;  53  :  1813  –  6 .   

75.      Winawer     S   ,    Fletcher     R   ,    Rex     D    et al.       Colorectal cancer screening and 
surveillance: clinical guidelines and rationale—update based on new 
evidence  .   Gastroenterology     2003  ;  124  :  544  –  60 .   

76.      Lieberman     D   ,    Nadel     M   ,    Smith     RA    et al.       Standardized colonoscopy 
reporting and data system: report of the Quality Assurance Task Group 
of the National Colorectal Cancer Roundtable  .   Gastrointest Endosc   
  2007  ;  65  :  757  –  66 .   

77.      Wexner     SD   ,    Beck     DE   ,    Baron     TH    et al.       A consensus document on bowel 
preparation before colonoscopy: prepared by a Task Force from the 



Quality Indicators for Colonoscopy

© 2015 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

 

89

101.      Imperiale     T   ,    Wagner     D   ,    Lin     C    et al.       Risk of advanced proximal neoplasms 
in asymptomatic adults according to the distal colorectal fi ndings  .   N Engl 
J Med     2000  ;  343  :  169  –  74 .   

102.      Imperiale     TF   ,    Ransohoff      DF   ,    Itzkowitz     SH    et al.       Fecal DNA versus fecal 
occult blood for colorectal-cancer screening in an average-risk popula-
tion  .   N Engl J Med     2004  ;  351  :  2704  –  14 .   

103.      Schoenfeld     P   ,    Cash     B   ,    Flood     A    et al.       Colonoscopic screening of average-
risk women for colorectal neoplasia  .   N Engl J Med     2005  ;  352  :  2061  –  8 .   

104.      Rathgaber     SW   ,    Wick     TM   .   Colonoscopy completion and complication 
rates in a community gastroenterology practice  .   Gastrointest Endosc   
  2006  ;  64  :  556  –  62 .   

105.      Kim     DH   ,    Lee     SY   ,    Choi     KS    et al.       Th e usefulness of colonoscopy as a 
screening test for detecting colorectal polyps  .   Hepatogastroenterology   
  2007  ;  54  :  2240  –  2 .   

106.      Niv     Y   ,    Hazazi     R   ,    Levi     Z    et al.       Screening colonoscopy for colorectal cancer 
in asymptomatic people: a meta-analysis  .   Dig Dis Sci     2008  ;  53  :  3049  –  54 .   

107.      van Rijn     JC   ,    Reitsma     JB   ,    Stoker     J    et al.       Polyp miss rate determined by 
tandem colonoscopy: a systematic review  .   Am J Gastroenterol     2006  ;  101  :
  343  –  50 .   

108.      Pickhardt     PJ   ,    Nugent     PA   ,    Mysliwiec     PA    et al.       Location of adenomas 
missed by optical colonoscopy  .   Ann Intern Med     2004  ;  141  :  352  –  9 .   

109.      Van Gelder     RE   ,    Nio     CY   ,    Florie     J    et al.       Computed tomographic colonogra-
phy compared with colonoscopy in patients at increased risk for colorectal 
cancer  .   Gastroenterology     2004  ;  127  :  41  –  8 .   

110.      Pohl     H   ,    Robertson     DJ   .   Colorectal cancers detected aft er colonoscopy 
frequently result from missed lesions  .   Clin Gastroenterol Hepatol   
  2010  ;  8  :  858  –  64 .   

111.      Pabby     A   ,    Schoen     RE   ,    Weissfeld     JL    et al.       Analysis of colorectal cancer 
occurrence during surveillance colonoscopy in the Dietary Polyp 
Prevention Trial  .   Gastrointest Endosc     2005  ;  61  :  385  –  91 .   

112.      Farrar     WD   ,    Sawhney     MS   ,    Nelson     DB    et al.       Colorectal cancers found aft er 
a complete colonoscopy  .   Clin Gastroenterol Hepatol     2006  ;  4  :  1259  –  64 .   

113.      Arain     MA   ,    Sawhney     M   ,    Sheikh     S    et al.       CIMP status of interval colon can-
cers: another piece to the puzzle  .   Am J Gastroenterol     2010  ;  105  :  1189  –  95 .   

114.      Barclay     RL   ,    Vicari     JJ   ,    Doughty     AS    et al.       Colonoscopic withdrawal times 
and adenoma detection during screening colonoscopy  .   N Engl J Med   
  2006  ;  355  :  2533  –  41 .   

115.      Chen     SC   ,    Rex     DK   .   Endoscopist can be more powerful than age and male 
gender in predicting adenoma detection at colonoscopy  .   Am J Gastro-
enterol     2007  ;  102  :  856  –  61 .   

116.      Shaukat     A   ,    Oancea     C   ,    Bond     JH    et al.       Variation in detection of adenomas 
and polyps by colonoscopy and change over time with a performance 
improvement program  .   Clin Gastroenterol Hepatol     2009  ;  7  :  1335  –  40 .   

117.      Imperiale     TF   ,    Glowinski     EA   ,    Juliar     BE    et al.       Variation in polyp detection 
rates at screening colonoscopy  .   Gastrointest Endosc     2009  ;  69  :  1288  –  95 .   

118.      Rex     DK   ,    Petrini     JL   ,    Baron     TH    et al.       Quality indicators for colonoscopy  . 
  Am J Gastroenterol     2006  ;  101  :  873  –  85 .   

119.      Rex     DK   ,    Helbig     CC   .   High yields of small and fl at adenomas with high-
defi nition colonoscopes using either white light or narrow band imaging  . 
  Gastroenterology     2007  ;  133  :  42  –  7 .   

120.      Kahi     CJ   ,    Anderson     JC   ,    Waxman     I    et al.       High-defi nition chromocolono-
scopy vs. high-defi nition white light colonoscopy for average-risk 
colorectal cancer screening  .   Am J Gastroenterol     2010  ;  105  :  1301  –  7 .   

121.      Corley     D   ,    Jensen     CD   ,    Marks     AR    et al.       Adenoma detection rate and risk of 
colorectal cancer and death  .   N Engl J Med     2014  ;  370  :  1298  –  306 .   

122.      Hewett     DG   ,    Rex     DK   .   Improving colonoscopy quality through healthcare 
payment reform  .   Am J Gastroenterol     2010  ;  105  :  1925  –  33 .   

123.      Williams     JE   ,    Le     TD   ,    Faigel     DO   .   Polypectomy rate as a quality measure for 
colonoscopy  .   Gastrointest Endosc     2011  ;  73  :  498  –  506  

124.      Francis     DL   ,    Rodriguez-Correa     DT   ,    Buchner     A    et al.       Application of a 
conversion factor to estimate the adenoma detection rate from the polyp 
detection rate  .   Gastrointest Endosc     2011  ;  73  :  493  –  7 .   

125.      Williams     JE   ,    Holub     JL   ,    Faigel     DO   .   Polypectomy rate is a valid quality 
measure for colonoscopy: results from a national endoscopy database  . 
  Gastrointest Endosc     2012  ;  75  :  576  –  82 .   

126.      Gohel     TD   ,    Burke     CA   ,    Lankaala     P    et al.       Polypectomy rate: a surrogate for 
adenoma detection rate varies by colon segment, gender, and endoscopist  . 
  Clin Gastroenterol Hepatol     2014  ;  12  :  1137  –  42 .   

127.      Hetzel     J   ,    Huang     CS   ,    Coukos     JA    et al.       Variation in the detection of serrated 
polyps in an average risk colorectal cancer screening cohort  .   Am J Gastro-
enterol     2010  ;  105  :  2656  –  64 .   

128.      Kahi     CJ   ,    Hewett     DG   ,    Norton     DL    et al.       Prevalence and variable detection 
of proximal colon serrated polyps during screening colonoscopy  .   Clin 
Gastroenterol Hepatol     2011  ;  9  :  42  –  6 .   

129.      Kahi     CJ   ,    Li     X   ,    Eckert     GJ    et al.       High colonoscopic prevalence of proximal 
colon serrated polyps in average-risk men and women  .   Gastrointest 
Endosc     2012  ;  75  :  515  –  20 .   

130.      Khalid     O   ,    Radaideh     S   ,    Cummings     OW    et al.       Reinterpretation of histology 
of proximal colon polyps called hyperplastic in 2001  .   World J Gastroen-
terol     2009  ;  15  :  3767  –  70 .   

131.      Wong     NA   ,    Hunt     LP   ,    Novelli     MR    et al.       Observer agreement in the diagno-
sis of serrated polyps of the large bowel  .   Histopathology     2009  ;  55  :  63  –  6 .   

132.      Rex     DK.   .   Narrow-band imaging without optical magnifi cation for histo-
logic analysis of colorectal polyps  .   Gastroenterology     2009  ;  136  :  1174  –  81 .   

133.      Ignjatovic     A   ,    Saunders     BP   .   Non-polypoid colorectal neoplasms are rela-
tively common worldwide  .   Gastrointest Endosc Clin N Am     2010  ;  20  :
  417  –  29 .   

134.      Zauber     AG   ,    Winawer     SJ   ,    O'Brien     MJ    et al.       Colonoscopic polypectomy 
and long-term prevention of colorectal-cancer deaths  .   N Engl J Med   
  2012  ;  366  :  687  –  96 .   

135.      Barclay     RL   ,    Vicari     JJ   ,    Greenlaw     RL   .   Eff ect of a time-dependent colono-
scopic withdrawal protocol on adenoma detection during screening 
colonoscopy  .   Clin Gastroenterol Hepatol     2008  ;  6  :  1091  –  8 .   

136.      Zins     BJ   ,    Tremaine     WJ   ,    Carpenter     HA   .   Collagenous colitis: mucosal biop-
sies and association with fecal leukocytes  .   Mayo Clin Proc     1995  ;  70  :  430  –  3 .   

137.      Onken     JE   ,    Friedman     JY   ,    Subramanian     S    et al.       Treatment patterns and 
costs associated with sessile colorectal polyps  .   Am J Gastroenterol   
  2002  ;  97  :  2896  –  901 .   

138.      Buchner     AM   ,    Guarner-Argente     C   ,    Ginsberg     GG   .   Outcomes of EMR of 
defi ant colorectal lesions directed to an endoscopy referral center  .   Gastro-
intest Endosc     2012  ;  76  :  255  –  63 .   

139.      Moss     A   ,    Bourke     MJ   ,    Williams     SJ    et al.       Endoscopic mucosal resection 
outcomes and prediction of submucosal cancer from advanced colonic 
mucosal neoplasia  .   Gastroenterology     2011  ;  140  :  1909  –  18 .   

140.      Holt     BA   ,    Bourke     MJ   .   Wide fi eld endoscopic resection for advanced 
colonic mucosal neoplasia: current status and future directions  .   Clin 
Gastroenterol Hepatol     2012  ;  10  :  969  –  79 .   

141.      Fruhmorgen     P   ,    Demling     L   .   Complications of diagnostic and therapeutic 
colonoscopy in the Federal-Republic-of-Germany—results of an inquiry  . 
  Endoscopy     1979  ;  11  :  146  –  50 .   

142.      Nivatvongs     S   .   Complications in colonoscopic polypectomy—an experi-
ence with 1555 polypectomies  .   Dis Colon Rectum     1986  ;  29  :  825  –  30 .   

143.      Silvis     SE   ,    Nebel     O   ,    Rogers     G    et al.       Endoscopic complications. Results of 
the 1974 American Society for Gastrointestinal Endoscopy Survey  .   JAMA   
  1976  ;  235  :  928  –  30 .   

144.      Anderson     ML   ,    Pasha     TM   ,    Leighton     JA   .   Endoscopic perforation of the 
colon: lessons from a 10-year study  .   Am J Gastroenterol     2000  ;  95  :  3418  –  22 .   

145.      Gatto     NM   ,    Frucht     H   ,    Sundararajan     V    et al.       Risk of perforation aft er 
colonoscopy and sigmoidoscopy: a population-based study  .   J Natl Cancer 
Inst     2003  ;  95  :  230  –  6 .   

146.      Luchette     FA   ,    Doerr     RJ   ,    Kelly     K    et al.       Colonoscopic impaction in left  colon 
strictures resulting in right colon pneumatic perforation  .   Surg Endosc   
  1992  ;  6  :  273  –  6 .   

147.      Woltjen     JA.   .   A retrospective analysis of cecal barotrauma caused by 
colonoscope air fl ow and pressure  .   Gastrointest Endosc     2005  ;  61  :  37  –  45  

148.      Sieg     A   ,    Hachmoeller-Eisenbach     U   ,    Eisenbach     T   .   Prospective evaluation 
of complications in outpatient GI endoscopy: a survey among German 
gastroenterologists  .   Gastrointest Endosc     2001  ;  53  :  620  –  7 .   

149.      Heldwein     W   ,    Dollhopf     M   ,    Rosch     T    et al.       Th e Munich Polypectomy Study 
(MUPS): prospective analysis of complications and risk factors in 4000 
colonic snare polypectomies  .   Endoscopy     2005  ;  37  :  1116  –  22 .   

150.      Kim     DH   ,    Pickhardt     PJ   ,    Taylor     AJ    et al.       CT colonography versus colono scopy 
for the detection of advanced neoplasia  .   N Engl J Med     2007  ;  357  :  1403  –  12 .   

151.      Nelson     DB   ,    McQuaid     KR   ,    Bond     JH    et al.       Procedural success and com-
plications of large-scale screening colonoscopy  .   Gastrointest Endosc   
  2002  ;  55  :  307  –  14 .   

152.      Eckardt     VF   ,    Kanzler     G   ,    Schmitt     T    et al.       Complications and adverse eff ects 
of colonoscopy with selective sedation  .   Gastrointest Endosc     1999  ;  49  : 
 560  –  5 .   

153.      Karajeh     MA   ,    Sanders     DS   ,    Hurlstone     DP   .   Colonoscopy in elderly people is 
a safe procedure with a high diagnostic yield: a prospective comparative 
study of 2000 patients  .   Endoscopy     2006  ;  38  :  226  –  30 .   

154.      Basson     MD   ,    Etter     L   ,    Panzini     LA   .   Rates of colonoscopic perforation in cur-
rent practice  .   Gastroenterology     1998  ;  114  :  1115  .  

155.      Paspatis     GA   ,    Tribonias     G   ,    Konstantinidis     K    et al.       A prospective rand-
omized comparison of cold vs hot snare polypectomy in the occurrence 
of postpolypectomy bleeding in small colonic polyps  .   Colorectal Dis   
  2011  ;  13  :  e345  –  e348 .   



Rex  et al. 

The American Journal of GASTROENTEROLOGY VOLUME 110 | JANUARY 2015   www.amjgastro.com

 
90

156.      Uno     Y   ,    Obara     K   ,    Zheng     P    et al.       Cold snare excision is a safe method for 
diminutive colorectal polyps  .   Tohoku J Exp Med     1997  ;  183  :  243  –  9 .   

157.      Cho     SB   ,    Lee     WS   ,    Joo     YE    et al.       Th erapeutic options for iatrogenic colon 
perforation: feasibility of endoscopic clip closure and predictors of the 
need for early surgery  .   Surg Endosc     2012  ;  26  :  473  –  9 .   

158.      Baron     TH   ,    Song     LM   ,    Ross     A    et al.       Use of an over-the-scope clipping 
device: multicenter retrospective results of the fi rst U.S. experience 
(with videos)  .   Gastrointest Endosc     2012  ;  76  :  202  –  8 .   

159.      Zubarik     R   ,    Fleischer     DE   ,    Mastropietro     C    et al.       Prospective analysis of 
complications 30 days aft er outpatient colonoscopy  .   Gastrointest Endosc   
  1999  ;  50  :  322  –  8 .   

160.      Sorbi     D   ,    Norton     I   ,    Conio     M    et al.       Postpolypectomy lower GI bleeding: 
descriptive analysis  .   Gastrointest Endosc     2000  ;  51  :  690  –  6 .   

161.      Van Gossum     A   ,    Cozzoli     A   ,    Adler     M    et al.       Colonoscopic snare polypec-
tomy: analysis of 1485 resections comparing two types of current  .   Gastro-
intest Endosc     1992  ;  38  :  472  –  5 .   

162.      Parra-Blanco     A   ,    Kaminaga     N   ,    Kojima     T    et al.       Colonoscopic polypectomy 
with cutting current: Is it safe?     Gastrointest Endosc     2000  ;  51  :  676  –  81 .   

163.      Singh     N   ,    Harrison     M   ,    Rex     DK   .   A survey of colonoscopic polypectomy 
practices among clinical gastroenterologists  .   Gastrointest Endosc   
  2004  ;  99  :  414  –  8 .   

164.      Singh     M   ,    Mehta     N   ,    Murthy     UK    et al.       Postpolypectomy bleeding in 
patients undergoing colonoscopy on uninterrupted clopidogrel therapy  . 
  Gastrointest Endosc     2010  ;  71  :  998  –  1005 .   

165.      Waye     J   ,    Ramaiah     C   ,    Hipona     J   .   Saline assisted polypectomy. Risks and 
balances  .   Gastrointest Endosc     1994  ;  40  :  38  .  

166.      Hsieh     YH   ,    Lin     HJ   ,    Tseng     GY    et al.       Is submucosal epinephrine injection 
necessary before polypectomy? A prospective, comparative study  .   Hepato-
gastroenterology     2001  ;  48  :  1379  –  82 .   

167.      Di Giorgio     P   ,    De Luca     L   ,    Calcagno     G    et al.       Detachable snare versus 
epinephrine injection in the prevention of postpolypectomy bleeding: a 
randomized and controlled study  .   Endoscopy     2004  ;  36  :  860  –  3 .   

168.      Iishi     H   ,    Tatsuta     M   ,    Narahara     H    et al.       Endoscopic resection of large pedun-
culated colorectal polyps using a detachable snare  .   Gastrointest Endosc   
  1996  ;  44  :  594  –  7 .   

169.      Binmoeller     KF   ,    Th onke     F   ,    Soehendra     N   .   Endoscopic hemoclip treatment 
for gastrointestinal bleeding  .   Endoscopy     1993  ;  25  :  167  –  70 .   

170.      Rex     DK   ,    Lewis     BS   ,    Waye     JD   .   Colonoscopy and endoscopic therapy for 
delayed post-polypectomy hemorrhage  .   Gastrointest Endosc     1992  ;  38  :
  127  –  9 .   

171.     U.S. Preventive Services Task Force  .   Screening for colorectal cancer: U.S. 
Preventive Services Task Force recommendation statement  .   Ann Intern 
Med     2008  ;  149  :  627  –  37 .   

172.      Corley     DA   ,    Jensen     CD   ,    Marks     AR   .   Can we improve adenoma detection 
rates? A systematic review of intervention studies  .   Gastrointest Endosc   
  2011  ;  74  :  656  –  65 .   

173.      Sawhney     MS   ,    Cury     MS   ,    Neeman     N    et al.       Eff ect of institution-wide policy 
of colonoscopy withdrawal time>or=7minutes on polyp detection  . 
  Gastro enterology     2008  ;  135  :  1892  –  8 .   

174.      Coe     S   ,    Crook     JE   ,    Diehl     NN    et al.       An endoscopic quality improvement 
program (EQUIP) improves detection of colorectal adenomas  .   Am J 
Gastroenterol     2013  ;  108  :  219  –  26 .   

175.     Th e Paris endoscopic classifi cation of superfi cial neoplastic lesions: 
esophagus, stomach, and colon: November 30 to December 1, 2002  . 
  Gastrointest Endosc     2003  ;  58  :  S3  –  43 .   

176.      Soetikno     RM   ,    Kaltenbach     T   ,    Rouse     RV    et al.       Prevalence of nonpolypoid 
(fl at and depressed) colorectal neoplasms in asymptomatic and sympto-
matic adults  .   JAMA     2008  ;  299  :  1027  –  35 .   

177.      Rex     D   ,    Hewett     DG   ,    Snover     DC   .   Supplementary appendix2: proximal 
colon serrated lesion image library. Detection targetsforcolonoscopy:
from variable detection to validation  .   Am J Gastroenterol     2010  ;  105  :
  2665  –  9 .   

178.      Rex     DK   ,    Hewett     DG   ,    Raghavendra     M    et al.       Th e impact of videorecording 
on the quality of colonoscopy performance: a pilot study  .   Am J Gastro-
enterol     2010  ;  105  :  2312  –  7 .   

179.      Rex     DK.   .   Update on colonoscopic imaging and projections for the future  . 
  Clin Gastroenterol Hepatol     2010  ;  8  :  318  –  21 .   

180.      Adler     A   ,    Pohl     H   ,    Papanikolaou     IS    et al.       A prospective randomised study 
on narrow-band imaging versus conventional colonoscopy for adenoma 
detection: Does narrow-band imaging induce a learning eff ect?     Gut   
  2008  ;  57  :  59  –  64  

181.      Pohl     J   ,    Schneider     A   ,    Vogell     H    et al.       Pancolonic chromoendoscopy with 
indigo carmine versus standard colonoscopy for detection of neoplastic 
lesions: a randomised two-centre trial  .   Gut     2011  ;  60  :  485  –  90 .   

182.      Ng     SC   ,    Tsoi     KK   ,    Hirai     HW    et al.       Th e effi  cacy of cap-assisted colonoscopy 
in polyp detection and cecal intubation: a meta-analysis of randomized 
controlled trials  .   Am J Gastroenterol     2012  ;  107  :  1165  –  73 .   

183.      Leufk ens     AM   ,    DeMarco     DC   ,    Rastogi     A    et al.       Eff ect of a retrograde-view-
ing device on adenoma detection rate during colonoscopy: the TERRACE 
study  .   Gastrointest Endosc     2011  ;  73  :  480  –  9 .   

  

        


