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ABSTRACT

Colorectal cancer (CRC) screening is widely implemented to reduce CRC incidence and 
related mortality. The impact of screening as well as the balance between screening 
burden and benefits strongly depends on the quality of colonoscopy. Besides quality, 
safety of the endoscopic procedure and patient satisfaction are important outcome 
parameters for a screening program. Therefore the requirements for both CRC screening 
endoscopy services and endoscopists focus on technical aspects, patient safety, and 
patient experience. Stringent quality assurance by means of routine monitoring of quality 
indicators for the performance of endoscopists and endoscopy units is recommended. 
This allows setting minimum standards, targeted interventions, and enhancement of the 
overall quality of population screening. This reviews deals with guidelines and quality 
standards for colorectal cancer screening, with focus on both endoscopist and endoscopy 
services.
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INTRODUCTION

In recent years, more than 50 countries have implemented organized or opportunistic 
population colorectal cancer (CRC) screening.1 It has been convincingly demonstrated that 
CRC screening can reduce CRC-related mortality, as well as depending on the screening 
method, the incidence of the disease. Screening aims to lower the burden of cancer by 
discovering disease at an early, preclinical stage.2-5 Population-based screening for CRC 
and precursor lesions can be effective provided that services and colonoscopies are of high 
quality.6 Therefore, the European Union recommends to use evidence-based methods with 
quality assurance of the entire screening process.7 To ensure that the experience is of high 
quality, safe and efficient, as well as people-oriented, services must take different domains 
of quality assurance into account. These are endoscopy/technical aspects, patients safety, 
and patients satisfaction.8 The level of competency to perform high-quality endoscopy 
and to remove advanced lesions is not only dependent on the skills of the endoscopist, 
but also on the support team and the available facilities and equipment.9 Screening 
enables known finite health gains, but also potential harms. Therefore, quality assurance 
of screening services and endoscopists is of utmost importance in CRC screening 
programs. This review describes the requirements for accrediting screening centers as well 
as individual endoscopists in a CRC screening program.

Organized versus opportunistic screening programs
The organization of CRC screening differs between countries.1 In some countries, such as 
the United States, opportunistic programs have been in place for a long time, and cover a 
significant proportion of the population with proven effects on CRC incidence and mortality.10 
In most settings however, opportunistic programs are characterized by low or unknown 
participation rates, simultaneous frequent overuse of services by those subjects who do 
undergo screening, and lack of impact on national CRC incidence and mortality data. For 
these reasons, the European Union recommends organized screening programs.11 In contrast 
to case-finding or opportunistic screening, organized programs provide a comprehensive 
data collection structure, which ensures evaluation and quality assessment. Centrally 
organized screening programs follow a predefined protocol, which enables systematic 
monitoring of the effectiveness of the program and process quality.12 Also, potential harms 
can be surveyed, both at individual and systemic levels. If flaws in the screening program are 
identified, measures can be taken to improve and optimize the proposed screening.

Requirements for the endoscopy service
To ensure high-quality CRC screening programs, endoscopy services need to be efficient, 
safe, person-oriented and able to monitor key outcomes.9, 13 In organized screening 
programs, accreditation of endoscopy services ensures that these conditions are met, in 
order to provide a minimum standard level of safety for participants.
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The European guideline divides recommendations concerning endoscopy services into 
two categories. The first deals with planning and location of endoscopy services and the 
second with infrastructure and equipment.9 Planning and location recommendations 
include that screening services be located in convenient locations for participants, that 
clinical services be accessible in a timely manner, and without compromising access to 
endoscopy services for symptomatic patients.9 Infrastructure recommendations include 
proper facilities for pre-procedure assessment and post-procedure recovery with sufficient 
privacy to maintain dignity for the patient. The guideline also includes disinfection policies 
and procedures with the important remark that these should be compliant with national 
or international guidelines.

To perform high-quality endoscopy, remove advanced lesions and deal effectively with 
adverse events, a competent team and adequate equipment are required. Carbon dioxide 
insufflation is recommended for colonic endoscopic procedures since this has been proven 
to improve safety and reduce post-procedural discomfort. The available equipment 
needs to undergo regular safety checks and its use needs to be regularly trained. The 
risk of adverse events should be routinely assessed with every patient. In case of serious 
adverse events, which cannot be managed locally, the patient needs to be transferred 
safely for further care. The endoscopist and supporting staff must be competent to deliver 
high quality endoscopy. Patient comfort score and satisfaction should be monitored and 
periodically evaluated, followed by targeted measures where needed. 14 Examples of 
quality requirements for the screening endoscopy service and endoscopist are depicted 
in Table 1.

Requirements for the endoscopist
Colonoscopists are required to meet predetermined standards before involvement in 
a screening program, and to become subject to ongoing quality assurance. Several 
surrogate parameters have been developed to measure efficacy and professional quality 
on the level of the individual endoscopist. Commonly used parameters, which directly 
relate to detection of adenoma and cancer, are the quality of the bowel preparation, cecal 
intubation rate, colonoscopy withdrawal time, and adenoma detection rate (ADR).15-17 In 
recent years, several studies have shown that adenoma detection rates directly relate to the 
risk of post-colonoscopy colorectal cancers (PCCRCs).18, 19 In a Polish trial involving 45.026 
individuals followed for an average four years after screening colonoscopy performed by 
186 individual colonoscopists, 42 PCCRCs were diagnosed. 18 The hazard ratio for PCCRC 
was more than ten if the colonoscopy had been performed by an endoscopist with an ADR 
<20% compared to ≥20%. In a very similar trial from the US, 314.872 individuals underwent 
a colonoscopy performed by 136 gastroenterologists.19 During follow-up up to 10 years, 
712 patients were diagnosed with a PCCRC. The adjusted hazard ratio for interval cancer 
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was 0.52 for patients of endoscopists with adenoma detection rates in the highest quintile 
compared to those in the lowest quintile. Every stepwise 1% increase of ADR reduced the 
risk for PCCRC with 3%.19

These and similar trials strongly emphasized the need for quality assurance in screening 
colonoscopy. This is further enhanced by the fact that the procedure is associated with 
risks of serious complications.20

Quality standards are measurable outcomes for which there is an evidence base that 
supports a minimum standard. 8 They drive quality to higher standards while setting limits 
to identify suboptimal performance. There is a range of accepted quality standards for the 
individual endoscopist performing screening colonoscopy.

Bowel preparation
Adequate colon cleansing is mandatory to the endoscopic visualization of the colonic 
mucosa. The quality of bowel preparation thus influences endoscopy efficacy, and directly 
affects both cecal intubation rates and polyp detection rates.21-24 In addition, inadequate 
bowel preparation can result in longer procedure times, increased screenee burden, 
additional costs, shorter surveillance intervals, re-scheduled procedures, and alternative 
diagnostic investigations [25]. A recent prospective study showed that bowel preparation 
together with detection of advanced neoplasia, were the only two independent significant 
predictors of the need for a second-look colonoscopy in a CRC screening program.25 In 
this study involving 1250 screenees with a positive faecal immunochemial test, 8.6% 
underwent a second-look colonoscopy within 1 year, of which 13% was due to poor 
bowel preparation at the initial investigation. This finding highlights the impact that poor 
colon cleansing can have on colonoscopy resources. Finally, patient’s (dis)comfort and (in)
convenience with regards to bowel preparation may have an effect on attendance rates of 
endoscopy in CRC screening programs. A randomized study showed that the proportion 
of individuals complaining of serious adverse events from the bowel preparation was 
higher (odds ratio 5.17) in those undergoing a colonoscopy than in individuals undergoing 
flexible sigmoidoscopy.26 In this study screenees prepared for sigmoidoscopy by means of 
a self-administered enema (133 ml, 22% sodium phosphate) at home two hours before 
the procedure; for colonoscopy, an oral preparation with sodium phosphate solution 
(2L), starting in the afternoon preceding the scheduled appointment, was used. The most 
common complaints were abdominal distension and pain.

It is recommended that at least 85% of patients referred for colonoscopy and at least 90% 
of those who do so for screening purposes should present with an adequately cleansed 
colon.8, 27, 28 In order to achieve adequate colon cleansing, the United States Multi-Society 
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Task Force (USMSTF) and the European Society of Gastrointestinal Endoscopy (ESGE) both 
recommend split-dose bowel preparation regimens. 27, 28 A split-dose regime implies that 
the bowel cleansing dose is given in two portions either on the day before and the day of 
the exam, or a same day split-dose regimen in the case of afternoon procedures. Preferably, 
the intake of the second dose should start 4–6 hours before the procedure time, and is 
completed two hours before the procedure.27 The efficacy of split-dose versus day-before 
bowel cleansing regimens were assessed in more than 40 randomized trials. Two meta-
analyses concluded that split-dose regimens lead to a significantly higher proportion of 
patients with adequately cleansed bowels compared with day-before regimens (odds 
ratios 2.5 – 3.7).29, 30 As a result, split-dose compared to day-before regimes lead to higher 
adenoma detection rates (ADR) and potentially higher detection rates of flat polyps.17, 30, 31. 
Split dosing also significantly decreased the proportion of patients that complained of 
nausea (odds ratio 0.55) or who were unable to complete the bowel preparation (odds 
ratio 0.53).32 This increases the willingness to repeat the preparation and exam when 
needed (odds ratio 1.8).28

Complications need to be taken into account, when prescribing bowel cleansing 
medication. The ESGE advises against the routine use of sodium phosphate for bowel 
preparation because of safety concerns. Sodium phosphate compounds can lead to 
significant fluid and electrolyte shifts and are thus particularly contra-indicated in patients 
with hypertension, those taking diuretics or renin-angiotensin blockers, or who suffer 
from heart failure, chronic kidney disease, or liver failure.33 In these patients, PEG is the 
only recommended bowel preparation.28 Screening units should record and report on the 
bowel cleansing regimen used, and the proportion of screenees with adequately cleansed 
bowels.

Cecal intubation rates
Cecal intubation is defined as passage of the colonoscope tip to a point proximal to 
the ileocecal valve so that the entire cecal cap is visible. Cecal intubation rates (CIRs) 
reflect the proportion of patients in whom the entire colon has been reached with the 
colonoscope.34, 35 It is recommended that CIRs be reported as unadjusted rates, i.e. rates 
that are not corrected for incompleteness due to luminal obstruction or poor bowel 
preparation. Unadjusted rates are preferred because the corrections could be applied 
differently and adjusted rates can therefore be difficult to compare.

When combined with measures of bowel cleansing and withdrawal time, CIR serves as 
a measure of the completeness of inspection of the colonic surface. Cecal intubation 
rates of 96% and higher have been reported in CRC screening programs.35-39, hence the 
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target of ≥95% (unadjusted) cecal intubation rate is required in colonoscopy screening.9 In 
symptomatic patients a slightly lower target level of ≥90% is generally used.34

Complete colonoscopy to the cecum is sometimes difficult and cannot be performed due 
to patient discomfort, looping, colonic redundancy, severe diverticulosis, or adhesions. 
Adjunct endoscopic techniques such as water immersion, abdominal pressure, patient 
positioning and use of magnetic endoscopic imaging can overcome many of these 
challenges. 40 Screening units and endoscopists should record CIRs, and report the reason 
for not reaching the cecum.

Adenoma detection rates
Multiple studies have shown that polyp and adenoma detection rates (ADR) vary between 
endoscopists.41-45 ADR is defined as the number of colonoscopies in which at least one 
adenomatous lesion is identified divided by total amount of colonoscopies.46 The variation 
in ADR between endoscopists and the demonstration that ADRs inversely correlate with 
the risk for PCCRC have become the rationale for the creation of targets for adenoma 
detection.18, 19, 34, 43. Interval cancers are defined by the World Endoscopy Organization as 
cancer diagnosed after a screening test or examination in which no cancer is detected 
and before the date of the next recommended examination.47 Two large studies formed 
the basis for the current ADR target recommendation, being 30% in men and 20% in 
women in an average risk population aged ≥ 50 years undergoing primary screening 
colonoscopy.18, 19 These targets should be set higher in screening programs that are based 
on faecal occult blood testing as primary tests, followed by colonoscopy after a positive 
fecal test. In the UK screening program with guaiac faecal occult blood testing, minimal 
adenoma detection rates are set at 35%, with a preferred target ADR >40%.8

Since adenoma detection rates do not take the number of adenomas per positive screenee 
into account, and the presence of an advanced adenoma is the most important predictor 
for adenoma recurrence, some programs also assess the mean number of adenomas 
per procedure and the mean number of adenomas per positive procedure (respectively 
MAP and MAP+).48 These measures are thought to provide additional information about 
colonoscopy performance in addition to ADR, and have also been shown to differ between 
endoscopists.8

Colonoscopy withdrawal time
In 2006, a first study showed an association between colonoscopy withdrawal time 
(WT) and detection of advanced neoplasia.42 Colonoscopists with a mean WT of more 
than 6 minutes had 2.5 times higher detection rates of advanced neoplasia compared 
to colonoscopists with WT less than 6 minutes. This finding has been confirmed in other 
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studies. A multicenter randomized trial assessing the association between multiple 
parameters and ADR in a colorectal cancer screening program, showed that WT was the 
only factor related to ADR.17 In another recent Canadian cohort study involving more 
than 18,000 asymptomatic individuals, WT and CIR were associated with the detection of 
screen-relevant lesions (defined as CRC, serrated and adenomatous polyps).16 In this study, 
both an average WT over 6 minutes and a >20% detection rate of screen-relevant lesions 
were associated with an almost 6- to 8-fold decreased risk of PCCRCs.

Colonoscopy WT is thus an important parameter to measure when performing a screening 
colonoscopy. The ESGE guidelines recommend a mean WT ≥6 minutes in negative 
colonoscopies performed in average risk subjects for CRC screening.49

Endoscopy volumes
In contrast to colonoscopies in symptomatic patients, screening endoscopies involve 
healthy individuals. This further emphasizes the need for attention to the potential 
benefits to risks ratio. Several studies have shown that low numbers of examinations 
per endoscopist are associated with an increased risk of complications. 20, 50 In a large 
retrospective study from Canada, patients had a 3-fold higher odds of bleeding or 
perforation if their colonoscopy was performed by endoscopists with the lowest annual 
volume of examinations compared to patients who had their colonoscopy performed by 
endoscopists with the highest annual volume.20 This risk of complications was increased 
below a threshold of 300 colonoscopies per year. As a result, current European guidelines 
recommend that each endoscopist participating in a colorectal cancer screening program 
should perform at least 300 procedures per year to maintain adequate competence.9 This 
also ensures sufficient sample size to reliably assess quality indicators as mentioned above.

Screening accreditation and strategies for suboptimal performance
Accreditation of screening endoscopists
To outline the service and quality indicators expected and in order to ensure that a high 
standard of service is provided, (organized) screening programs provide accreditation 
processes for screening endoscopists and endoscopy units. These accreditation 
processes lead to a certificate of competency to perform screening colonoscopy. There 
is a considerable disparity between countries in accreditation practice for screening 
endoscopists. All have different criteria for accreditation that vary in the methods of 
assessment, minimum number of procedures, and key quality criteria.51 The responsibility 
for accreditation for colonoscopy also differs between countries. Responsibility for 
accreditation for colonoscopy can be the responsibility of the national gastroenterology 
society such as in Canada, or of the national screening program such as in the Netherlands. 
In the USA, training in gastrointestinal endoscopy is outlined in the Gastroenterology 
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Core Curriculum, while England has one of the most rigorous accreditation processes. 
Here, a Joint Advisory Group for GI Endoscopy (JAG) manages the Screening Assessor 
Accreditation System (SAAS) process with defined parameters for endoscopy training and 
national endoscopy standards 52, 53.

Accreditation of endoscopy services
The Global Rating Scale (GRS) is a quality assurance program that was developed in 
England to assess patient-centered care in endoscopy.54 The development of the GRS 
was prompted by the introduction of the national colorectal cancer screening program 
and by shortcomings in the quality of endoscopy.55 The GRS is suitable to assess patient 
experiences, and can be used as a benchmark tool for quality and safety in endoscopy 
departments. More countries are of have implemented the UK Global Rating Scale in an 
effort to improve and maintain high standards of endoscopy service.56

Besides measuring quality indicators, it is also important to consider how suboptimal 
performances ought to be managed. A systematic review showed that interventions 
targeting endoscopist performance have generally been ineffective for improving 
adenoma or polyp detection rates.57 However, studies included in this systematic review 
had small sample sizes and a lack of randomized designs. Recently, a large trial randomized 
endoscopy screening centers with suboptimal performance (with the centre leader having 
an ADR ≤25%) to either a Train-Colonoscopy-Leaders programme (assessment, hands-on 
training, post-training feedback) or feedback only (individual quality measures). It showed 
that leadership training led to a significant 7.1% higher increase in ADR compared to 
feedback only.58 hese kinds of solutions to increase endoscopist performance will help 
to optimize CRC screening programs by decreasing the variation in quality between 
screening centers, and increase colonoscopy quality without decreasing colonoscopy 
resources by excluding centers that did not reach quality benchmarks.

SUMMARY

In recent years, more than 50 countries worldwide have implemented CRC screening 
programs. Colorectal cancer screening can lead to significant population health gains, but 
can also harm healthy subjects. High quality colonoscopies are required in order to achieve 
CRC screening efficacy and reduce CRC-related mortality. Centrally organized screening 
and accreditation of screening services are recommended by the European Union and 
provide the possibility of systematic monitoring and quality assessment. An important 
parameter at the endoscopist’s level is the ADR. Multiple studies have shown that ADR 
differs between endoscopists, and recent evidence convincingly showed an inverse 
correlation between ADR and risk of PCCRC, emphasizing the importance of high quality 
endoscopies. Future research is needed to address current practice in the identification 
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of early endoscopically resectable CRCs and endoscopic resection techniques used to 
remove them accurately in a CRC screening setting in order to improve screening program, 
increase quality and prevent unnecessary surgery.

Accrediting for screening-related colonoscopy services 11



REFERENCES
1.	 Schreuders EH, Ruco A, Rabeneck L, Schoen RE, Sung JJ, Young GP, et al. Colorectal cancer screening: 

a global overview of existing programmes. Gut. 2015.
2.	 Hewitson P, Glasziou P, Irwig L, Towler B, Watson E. Screening for colorectal cancer using the faecal 

occult blood test, Hemoccult. Cochrane Database Syst Rev. 2007(1):CD001216.
3.	 Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS, Sternberg SS, et al. Prevention of colorectal 

cancer by colonoscopic polypectomy. The National Polyp Study Workgroup. N Engl J Med. 
1993;329(27):1977-81.

4.	 Atkin WS, Edwards R, Kralj-Hans I, Wooldrage K, Hart AR, Northover JM, et al. Once-only flexible 
sigmoidoscopy screening in prevention of colorectal cancer: a multicentre randomised controlled 
trial. Lancet. 2010;375(9726):1624-33.

5.	 Zauber AG, Winawer SJ, O’Brien MJ, Lansdorp-Vogelaar I, van Ballegooijen M, Hankey BF, et al. 
Colonoscopic polypectomy and long-term prevention of colorectal-cancer deaths. N Engl J Med. 
2012;366(8):687-96.

6.	 European Colorectal Cancer Screening Guidelines Working G, von Karsa L, Patnick J, Segnan N, Atkin 
W, Halloran S, et al. European guidelines for quality assurance in colorectal cancer screening and 
diagnosis: overview and introduction to the full supplement publication. Endoscopy. 2013;45(1):51-
9.

7.	 Council of the European Union. Council Recommendation of 2 December 2003 on cancer screening 
(2003/878/EC) Off J Eur Union. 2003:34–38.

8.	 Lee TJ, Rutter MD, Blanks RG, Moss SM, Goddard AF, Chilton A, et al. Colonoscopy quality measures: 
experience from the NHS Bowel Cancer Screening Programme. Gut. 2012;61(7):1050-7.

9.	 Valori R, Rey JF, Atkin WS, Bretthauer M, Senore C, Hoff G, et al. European guidelines for quality 
assurance in colorectal cancer screening and diagnosis. First Edition--Quality assurance in endoscopy 
in colorectal cancer screening and diagnosis. Endoscopy. 2012;44 Suppl 3:SE88-105.

10.	 Eheman C, Henley SJ, Ballard-Barbash R, Jacobs EJ, Schymura MJ, Noone AM, et al. Annual Report to 
the Nation on the status of cancer, 1975-2008, featuring cancers associated with excess weight and 
lack of sufficient physical activity. Cancer. 2012;118(9):2338-66.

11.	 Malila N, Senore C, Armaroli P, International Agency for Research on C. European guidelines for quality 
assurance in colorectal cancer screening and diagnosis. First Edition--Organisation. Endoscopy. 
2012;44 Suppl 3:SE31-48.

12.	 Senore C, Inadomi J, Segnan N, Bellisario C, Hassan C. Optimising colorectal cancer screening 
acceptance: a review. Gut. 2015;64(7):1158-77.

13.	 Sung JJ, Ng SC, Chan FK, Chiu HM, Kim HS, Matsuda T, et al. An updated Asia Pacific Consensus 
Recommendations on colorectal cancer screening. Gut. 2015;64(1):121-32.

14.	 Ekkelenkamp VE, Dowler K, Valori RM, Dunckley P. Patient comfort and quality in colonoscopy. World 
J Gastroenterol. 2013;19(15):2355-61.

15.	 Rex DK, Petrini JL, Baron TH, Chak A, Cohen J, Deal SE, et al. Quality indicators for colonoscopy. Am J 
Gastroenterol. 2006;101(4):873-85.

16.	 Hilsden RJ, Dube C, Heitman SJ, Bridges R, McGregor SE, Rostom A. The association of colonoscopy 
quality indicators with the detection of screen-relevant lesions, adverse events, and postcolonoscopy 
cancers in an asymptomatic Canadian colorectal cancer screening population. Gastrointest Endosc. 
2015;82(5):887-94.

12 Erasmus Medical Center Rotterdam



17.	 Jover R, Zapater P, Polania E, Bujanda L, Lanas A, Hermo JA, et al. Modifiable endoscopic factors that 
influence the adenoma detection rate in colorectal cancer screening colonoscopies. Gastrointest 
Endosc. 2013;77(3):381-9 e1.

18.	 Kaminski MF, Regula J, Kraszewska E, Polkowski M, Wojciechowska U, Didkowska J, et al. Quality 
indicators for colonoscopy and the risk of interval cancer. N Engl J Med. 2010;362(19):1795-803.

19.	 Corley DA, Jensen CD, Marks AR, Zhao WK, Lee JK, Doubeni CA, et al. Adenoma detection rate and risk 
of colorectal cancer and death. N Engl J Med. 2014;370(14):1298-306.

20.	 Rabeneck L, Paszat LF, Hilsden RJ, Saskin R, Leddin D, Grunfeld E, et al. Bleeding and perforation 
after outpatient colonoscopy and their risk factors in usual clinical practice. Gastroenterology. 
2008;135(6):1899-906, 906 e1.

21.	 Froehlich F, Wietlisbach V, Gonvers JJ, Burnand B, Vader JP. Impact of colonic cleansing on quality 
and diagnostic yield of colonoscopy: the European Panel of Appropriateness of Gastrointestinal 
Endoscopy European multicenter study. Gastrointest Endosc. 2005;61(3):378-84.

22.	 Harewood GC, Sharma VK, de Garmo P. Impact of colonoscopy preparation quality on detection of 
suspected colonic neoplasia. Gastrointest Endosc. 2003;58(1):76-9.

23.	 Hsu CM, Lin WP, Su MY, Chiu CT, Ho YP, Chen PC. Factors that influence cecal intubation rate during 
colonoscopy in deeply sedated patients. J Gastroenterol Hepatol. 2012;27(1):76-80.

24.	 Lebwohl B, Kastrinos F, Glick M, Rosenbaum AJ, Wang T, Neugut AI. The impact of suboptimal bowel 
preparation on adenoma miss rates and the factors associated with early repeat colonoscopy. 
Gastrointest Endosc. 2011;73(6):1207-14.

25.	 Grobbee EJ, Kapidzic A, van Vuuren AJ, van Leerdam M, Lansdorp-Vogelaar I, Looman CW, et al. 
Second-Look Colonoscopies and the Impact on Capacity in FIT-Based Colorectal Cancer Screening. 
Am J Gastroenterol. 2015;110(7):1072-7.

26.	 Senore C, Ederle A, Fantin A, Andreoni B, Bisanti L, Grazzini G, et al. Acceptability and side-effects of 
colonoscopy and sigmoidoscopy in a screening setting. J Med Screen. 2011;18(3):128-34.

27.	 Hassan C, Bretthauer M, Kaminski MF, Polkowski M, Rembacken B, Saunders B, et al. Bowel preparation 
for colonoscopy: European Society of Gastrointestinal Endoscopy (ESGE) guideline. Endoscopy. 
2013;45(2):142-50.

28.	 Johnson DA, Barkun AN, Cohen LB, Dominitz JA, Kaltenbach T, Martel M, et al. Optimizing adequacy 
of bowel cleansing for colonoscopy: recommendations from the US multi-society task force on 
colorectal cancer. Gastroenterology. 2014;147(4):903-24.

29.	 Martel M, Barkun AN, Menard C, Restellini S, Kherad O, Vanasse A. Split-Dose Preparations Are Superior 
to Day-Before Bowel Cleansing Regimens: A Meta-analysis. Gastroenterology. 2015;149(1):79-88.

30.	 Gurudu SR, Ramirez FC, Harrison ME, Leighton JA, Crowell MD. Increased adenoma detection rate 
with system-wide implementation of a split-dose preparation for colonoscopy. Gastrointest Endosc. 
2012;76(3):603-8 e1.

31.	 Parra-Blanco A, Nicolas-Perez D, Gimeno-Garcia A, Grosso B, Jimenez A, Ortega J, et al. The timing 
of bowel preparation before colonoscopy determines the quality of cleansing, and is a significant 
factor contributing to the detection of flat lesions: a randomized study. World J Gastroenterol. 
2006;12(38):6161-6.

32.	 Kilgore TW, Abdinoor AA, Szary NM, Schowengerdt SW, Yust JB, Choudhary A, et al. Bowel preparation 
with split-dose polyethylene glycol before colonoscopy: a meta-analysis of randomized controlled 
trials. Gastrointest Endosc. 2011;73(6):1240-5.

33.	 Connor A, Tolan D, Hughes S, Carr N, Tomson C. Consensus guidelines for the safe prescription and 
administration of oral bowel-cleansing agents. Gut. 2012;61(11):1525-32.

Accrediting for screening-related colonoscopy services 13



34.	 Rex DK, Schoenfeld PS, Cohen J, Pike IM, Adler DG, Fennerty MB, et al. Quality indicators for 
colonoscopy. Am J Gastroenterol. 2015;110(1):72-90.

35.	 Imperiale TF, Wagner DR, Lin CY, Larkin GN, Rogge JD, Ransohoff DF. Risk of advanced proximal 
neoplasms in asymptomatic adults according to the distal colorectal findings. N Engl J Med. 
2000;343(3):169-74.

36.	 Leung JW, Mann SK, Siao-Salera R, Ransibrahmanakul K, Lim B, Cabrera H, et al. A randomized, 
controlled comparison of warm water infusion in lieu of air insufflation versus air insufflation for 
aiding colonoscopy insertion in sedated patients undergoing colorectal cancer screening and 
surveillance. Gastrointest Endosc. 2009;70(3):505-10.

37.	 Cadoni S, Gallittu P, Sanna S, Fanari V, Porcedda ML, Erriu M, et al. A two-center randomized controlled 
trial of water-aided colonoscopy versus air insufflation colonoscopy. Endoscopy. 2014;46(3):212-8.

38.	 Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H, Chejfec G, et al. Use of colonoscopy to 
screen asymptomatic adults for colorectal cancer. New Engl J Med. 2000;343(3):162-8.

39.	 Schoenfeld P, Cash B, Flood A, Dobhan R, Eastone J, Coyle W, et al. Colonoscopic screening of average-
risk women for colorectal neoplasia. N Engl J Med. 2005;352(20):2061-8.

40.	 Villa NA, Pannala R, Pasha SF, Leighton JA. Alternatives to Incomplete Colonoscopy. Curr Gastroenterol 
Rep. 2015;17(11):43.

41.	 Imperiale TF, Glowinski EA, Juliar BE, Azzouz F, Ransohoff DF. Variation in polyp detection rates at 
screening colonoscopy. Gastrointest Endosc. 2009;69(7):1288-95.

42.	 Barclay RL, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL. Colonoscopic withdrawal times and 
adenoma detection during screening colonoscopy. N Engl J Med. 2006;355(24):2533-41.

43.	 Chen SC, Rex DK. Endoscopist can be more powerful than age and male gender in predicting 
adenoma detection at colonoscopy. Am J Gastroenterol. 2007;102(4):856-61.

44.	 Hixson LJ, Fennerty MB, Sampliner RE, McGee D, Garewal H. Prospective study of the frequency and 
size distribution of polyps missed by colonoscopy. J Natl Cancer Inst. 1990;82(22):1769-72.

45.	 Bressler B, Paszat LF, Vinden C, Li C, He J, Rabeneck L. Colonoscopic miss rates for right-sided colon 
cancer: a population-based analysis. Gastroenterology. 2004;127(2):452-6.

46.	 Rex DK, Petrini JL, Baron TH, Chak A, Cohen J, Deal SE, et al. Quality indicators for colonoscopy. 
Gastrointest Endosc. 2006;63(4 Suppl):S16-28.

47.	 Sanduleanu S, le Clercq CM, Dekker E, Meijer GA, Rabeneck L, Rutter MD, et al. Definition and taxonomy 
of interval colorectal cancers: a proposal for standardising nomenclature. Gut. 2015;64(8):1257-67.

48.	 van Heijningen EM, Lansdorp-Vogelaar I, Kuipers EJ, Dekker E, Lesterhuis W, Ter Borg F, et al. Features 
of adenoma and colonoscopy associated with recurrent colorectal neoplasia based on a large 
community-based study. Gastroenterology. 2013;144(7):1410-8.

49.	 Rembacken B, Hassan C, Riemann JF, Chilton A, Rutter M, Dumonceau JM, et al. Quality in screening 
colonoscopy: position statement of the European Society of Gastrointestinal Endoscopy (ESGE). 
Endoscopy. 2012;44(10):957-68.

50.	 Singh H, Penfold RB, DeCoster C, Kaita L, Proulx C, Taylor G, et al. Colonoscopy and its complications 
across a Canadian regional health authority. Gastrointest Endosc. 2009;69(3 Pt 2):665-71.

51.	 Kelly NM, Moorehead J, Tham T. Is the ‘driving test’ a robust quality indicator of colonoscopy 
performance? World J Gastrointest Endosc. 2010;2(4):112-20.

52.	 Schiller LR. The core curriculum in gastroenterology: training the gastroenterologists of the future. 
Am J Gastroenterol. 2007;102(5):919-20.

53.	 www.thejag.org.uk.
54.	 Global Rating Scale UK. Available from http://wwwgrsnhsuk. 01.05.2010.

14 Erasmus Medical Center Rotterdam



55.	 Bowles CJ, Leicester R, Romaya C, Swarbrick E, Williams CB, Epstein O. A prospective study of 
colonoscopy practice in the UK today: are we adequately prepared for national colorectal cancer 
screening tomorrow? Gut. 2004;53(2):277-83.

56.	 Sint Nicolaas J, de Jonge V, Korfage IJ, Ter Borg F, Brouwer JT, Cahen DL, et al. Benchmarking patient 
experiences in colonoscopy using the Global Rating Scale. Endoscopy. 2012;44(5):462-72.

57.	 Corley DA, Jensen CD, Marks AR. Can we improve adenoma detection rates? A systematic review of 
intervention studies. Gastrointest Endosc. 2011;74(3):656-65.

58.	 Kaminski MF, Anderson J, Valori R, Kraszewska E, Rupinski M, Pachlewski J, et al. Leadership training to 
improve adenoma detection rate in screening colonoscopy: a randomised trial. Gut. 2015;65(4):616-
24.

Accrediting for screening-related colonoscopy services 15


