1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JAMA Intern Med. Author manuscript; available in PMC 2017 July 01.

-, HHS Public Access
«

Published in final edited form as:
JAMA Intern Med. 2016 July 01; 176(7): 894-902. doi:10.1001/jamainternmed.2016.0960.

Population-based colonoscopy screening for colorectal cancer:
a European randomized trial

Michael Bretthauer, MD, Michal F. Kaminski, MD, Magnus Lgberg, MD, Ann G. Zauber, PhD,
Jaroslaw Regula, MD, Ernst J. Kuipers, MD, Lars P&hlman, MD", Miguel A. Hernan, MD,
Eleanor McFadden, MA, Annike Sunde, MSc, Mette Kalager, MD, Evelien Dekker, MD, Iris
Lansdorp-Vogelaar, PhD, Kjetil Garborg, MD, Maciej Rupinski, MD, V. Manon CW van
Spaander, MD, Marek Bugajski, MD, Ole Hgie, MD, Tryggvi Stefansson, MD, Geir Hoff, MD,
Hans-Olov Adami, MD, and for the NordICC Study Group

Department of Health Management and Health Economics, University of Oslo, Oslo, Norway (MB,
ML, MK, GH, HOA); Department of Gastroenterological Oncology, the Maria Sklodowska-Curie
Memorial Cancer Center and Institute of Oncology and Medical Center for Postgraduate
Education (MFK, JR, MR, MBu), Warsaw, Poland; Department of Transplantation Medicine, Oslo
University Hospital, Oslo, Norway (MB, ML, KG); Department of Epidemiology (MB, ML, MH, MK,
HOA) and Department of Biostatistics (MH), Harvard T.H. Chan School of Public Health, Boston,
MA; Harvard-MIT Division of Health Sciences and Technology (MH); Department of Research
and Development, Telemark Hospital, Skien, Norway (MK, GH); Department of Epidemiology and
Biostatistics, Memorial Sloan Kettering Cancer Center, New York, NY, USA (AGZ); Department of
Gastroenterology and Hepatology, Erasmus Medical Centre, Rotterdam, the Netherlands (EJK,
IL-V, MCWVS); Department of Surgical Sciences, Uppsala University Hospital, Uppsala, Sweden
(LP); Frontier Science (Scotland), Kincraig, UK (EM, AS), Department of Gastroenterology and
Hepatology, Academic Medical Centre, Amsterdam, the Netherlands (ED); Department of
Medicine, Sgrlandet Hospital, Arendal, Norway (OH); Department of Surgery, The National
University Hospital of Iceland, Reykjavik, Iceland (TS), Department of Medical Epidemiology and
Biostatistics, Karolinska Institutet, Stockholm, Sweden (HOA)

Abstract

Corresponding author: Michael Bretthauer MD, Department of Health Management and Health Economy, University of Oslo,

Postbox 1089 Blindern, N-0318 Oslo, Norway, michael.bretthauer@medisin.uio.no, Phone: +47 90132480; Fax: +47 22 84 50 91.
Lars Pahlman passed away after submission

Author contributions: Drs Bretthauer, Kaminski, Lgberg, Zauber had full access to all data and take responsibility for the integrity of

the data and the accuracy of the data analysis.

Study concept and design: Bretthauer, Regula, Kuipers, Stefansson, Pahlman, Hoff, Kaminski, Adami

Acquisition of data: All authors

Analysis and interpretation of data: All authors

Drafting of the manuscript: Bretthauer, Adami

Critical revision of the manuscript for important intellectual content: All authors

Statistical analysis: Laberg, Zauber, Sunde

Obtained funding: Bretthauer, Regula, Kuipers, Pahlman, Hoff, Adami

Study supervision: NordICC Data and Safety Monitoring Board.

Conflict of interest disclosure: Michael Bretthauer is member of the European scientific advisory board of Exact Sciences and has
received equipment for testing in scientific studies from Olympus, Fujinon, Falk Pharma and CCS Healthcare. All other authors report
no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bretthauer et al. Page 2

Importance—While some countries have implemented widespread colonoscopy screening, most
European countries have not introduced it because of uncertainty with regard to participation rates,
procedure-related pain and discomfort, endoscopist performance, and effectiveness. No
randomized trials on colonoscopy screening exist today.

Objective—To investigate participation rate, yield, performance and adverse events of
population-based colonoscopy screening.

Design—Randomized controlled trial in Poland, Norway, the Netherlands, and Sweden
Setting—Average-risk population, population-based.

Participants—94,958 men and women aged 55 to 64 years.
Intervention—Colonoscopy screening or no-screening.

Outcome measures—This paper reports on screening participation, yield, and subject
experience. Study outcomes were compared by country and endoscopist.

Results—Of 31,420 eligible subjects randomized to colonoscopy 12,574 (40%) attended
screening. Participation rates were 60.7% in Norway, 39-8% in Sweden, 33% in Poland, and
22.9% in the Netherlands (p<0.001). The cecum intubation rate was 97.2%, with 9,726 (77.3%) of
subjects not receiving sedation. We observed one perforation (0.01%), two post-polypectomy
serosal burns and 18 bleedings due to polypectomy (0.15%). 62 subjects (0.5%) were diagnosed
with colorectal cancer and 3,861 (30.7%) had adenomas, of which 1,304 (10.4%) high-risk
adenomas. Detection rates were similar in the proximal and distal colon. Performance differed
significantly between endoscopists; recommended benchmarks for caecal intubation (95%) and
adenoma detection (25%) were not met by 6 (17.1%) and 10 endoscopists (28.6%), respectively.
Moderate or severe abdominal pain after colonoscopy was reported by 16.6% examined with
standard air insufflation versus 4.0% with carbon dioxide insufflation (p<0.001).

Conclusion and relevance—Colonoscopy screening entails high detection rates in the
proximal and distal colon. Participation rates and endoscopist performance screening vary
significantly. Post-procedure abdominal pain is common with standard air insufflation and can be
significantly reduced by using carbon dioxide.

Trial registration—NCT 00883792.

Introduction

Colorectal cancer is the second most common cancer in high- income countries with more
than 730,000 new cases diagnosed globally each year.! The disease is expected to become a
large burden also for less developed countries in the near future.?

Randomized trials have shown that screening with guaiac fecal occult blood testing
(gFOBT) reduces colorectal cancer mortality by 15%.3 One study has also shown an effect
of gFOBT screening on colorectal cancer incidence, presumably due to a high colonoscopy
rate after positive gFOBT.# Guaiac FOBT is being replaced by more sensitive fecal
immunochemical testing but data on cancer incidence and mortality are lacking.3
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Because most colorectal cancers develop from benign adenomas, endoscopic screening,
which allows detection and removal of adenomas, may have a larger impact on colorectal
cancer incidence and mortality than FOBT screening. Four large-scale randomized trials
have shown that flexible sigmoidoscopy screening reduces colorectal cancer incidence by 18
to 23% and mortality by 22 to 31%.5-8

Because colonoscopy is believed to be more effective than sigmoidoscopy, colonoscopy
screening is widely endorsed in the United States and Canada.® However, colonoscopy is
invasive and expensive, and entails a risk of complications. Large population-based studies
investigating patient participation and experience, detection rates for adenomas and cancer,
and screening colonoscopy effectiveness are lacking. To carefully evaluate the balance of
benefits and harms of colonoscopy screening, randomized trials are imperative. Therefore,
European guidelines currently do not recommend colonoscopy screening. 10

The Nordic-European Initiative on Colorectal Cancer (NordICC) study is a multinational,
population-based randomized controlled trial to investigate the effectiveness of colonoscopy
screening on CRC incidence and CRC mortality in different European countries. This paper
reports on participation, patient experience, yield, and complications of colonoscopy
screening in the different participating countries.

Study Design

Details of the NordICC trial rationale, its pragmatic (also called management) design,
randomization, intervention and outcomes have been described elsewhere.11-13 The primary
outcome is colorectal cancer mortality and incidence in an intention-to-treat analysis after 15
years of follow-up. Secondary aims include participation rates, patient experience, yield, and
complications. Eligible individuals were all men and women aged 55 to 64 years living in
defined geographical areas in Norway, Poland, Sweden, and the Netherlands. All
colonoscopies were performed at dedicated endoscopy centres.

Figure 1 shows the trial flowchart. Poland was the only country with an ongoing colorectal
cancer screening program.14, but not amongst the individuals recruited for this trial No other
country had organized CRC screening of any kind in the trial areas.

Randomization and Intervention

Subjects were randomly assigned to either colonoscopy screening or no-screening (control
group) in a one-to-two ratio. Individuals randomized to colonoscopy screening were offered
colonoscopy if they did not have any of the pre-specified comorbidities!?. All individuals
randomized to the screening group received a personal letter of invitation with an
information leaflet about the study, and an informed consent form. An identical information
leaflet was used in Norway, Sweden and Poland (translated into the local languages). In the
Netherlands, we used a similar, but not entirely identical leaflet derived for a randomized
trial comparing colonoscopy versus CT colonographyl. All individuals attending
colonoscopy screening provided written informed consent. Individuals randomized to the
control group did not receive any intervention, and were not contacted at study enrolment.
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Screening intervention

The colonoscopy and the bowel preparation were provided without cost sharing. No
compensation was paid for participantion. Trial endoscopists had performed at least 300
colonoscopies before entering the trial, and had a minimum workload of 200 colonoscopies
per year. Standard video colonoscopes were used for all procedures. All centres were
encouraged to use carbon dioxide (CO5,) insufflation whenever possible; otherwise standard
air insufflation was used. All lesions detected during colonoscopy were removed whenever
feasible, and all tumors were biopsied. Data from colonoscopy examinations were registered
using an electronic case report form accessible online from the participating centres, and
stored at the central trial database (Frontier Science (Scotland), Kincraig, UK).

Dedicated pathologists were responsible for histopathological classification according to the
World Health Organization.1® Polyps were categorized as adenomas, serrated polyps
(including hyperplastic polyps, sessile serrated polyps and traditional serrated adenomas),
inflammatory, neuroendocrine, or other. Adenomas measuring 10 mm or more in diameter,
or with villous architecture, or high-grade dysplasia were classified as advanced adenomas.
Patients with advanced adenomas or three or more adenomas were classified as high-risk.
We defined lesions with submucosal invasion as cancer. Patients were classified according to
the most advanced lesion detected at screening.

We assessed patients’ abdominal pain during the colonoscopy, and in the 24 hours after the
colonoscopy, using a validated patient questionnaire in Norway, Poland, and Sweden.11
Patients scored abdominal pain on a 4-point visual rating scale as either none, light,
moderate, or severe. Similar questions were applied for pain during the colonoscopy, and for
the 24- hour period after the procedure. All participants in Norway, Poland, and Sweden
were asked to fill in the questionnaire 24 hours after the screening examination and return to
the central secretariat. Thirty day morbidity and mortality after screening was assessed from
the electronic case report forms and by linkage to patient registries in the participating
countries.

Statistical analysis

For this report, we assessed study outcomes for the whole study cohort, and for the
comparison of participating countries. Colonoscopy yield and patient satisfaction was
compared between participating endoscopists who had performed at least 30 colonoscopies
in the trial. Patients’ abdominal pain scores during and after the colonoscopy, respectively,
were dichotomized for analyses (none or slight pain versus moderate or severe pain).
Adenoma yield per endoscopist is defined as the percentage of patients with at least one
adenoma (corresponding to what is commonly called adenoma detection rate). Differences
between the groups in baseline variables which could influence study outcomes were
adjusted for age and sex by multiple logistic-regression analyses and reported as odds ratios
with 95% confidence intervals. We fitted a logistic regression model to estimate the
association between country, sedation and insufflation gas (air or CO5) on abdominal pain,
and tested country-wise heterogeneity by including a product (“interaction”) term between
sedation and country. We estimated mean performance indicators and 95% confidence
intervals using a random effects model to account for clustering at endoscopist level.
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For patient questionnaire data, we present percentages among those who responded to the
particular questions. All analyses were performed with the use of Stata statistical software
version 14.0 (StataCorp, College Station, Texas, USA).

The study was approved by the ethical committees at all participating centres. Approvals
were also obtained from the National Swedish Ethics Council, and from the Dutch National
Health Council.

Study population

At study start, 94,958 individuals were identified as eligible in the population registries.
During the course of the screening period from June 8, 2009 to June 23, 2014, 169
individuals assigned to the screening group and 369 individuals assigned to the control
group were excluded because they were dead or diagnosed with colorectal cancer before
study entry (but not yet identified as such in the registries), figure 1. Thus, our analyses are
based on 94,394 individuals; 31,420 in the screening group and 62,974 in the control group;
47,135 (49.9%) women, and 47,259 (50.1%) men, with a median age of 60.0 years.

Screening participation

Among the 31,420 individuals who were assigned to colonoscopy, 12,574 subjects (40.0%)
accepted the invitation and underwent colonoscopy. 662 individuals did not undergo
colonoscopy due to one or several comorbidities which precluded screening?® (these
individuals are included on the estimates of participation, according to the intention-to-treat
principle). Participation rates were slightly higher in men than women (41.2% versus
38.8%), and in the age group 60—64 years as compared to 55 to —59 years (41.0% versus
39.1%), table 1. Participation varied substantially between the participating countries from
60.7% in Norway, 39.8% in Sweden, 33.0% in Poland, to 22.9% in the Netherlands
(p<0.001).

Overall performance and diagnostic yield

The overall cecum intubation rate was 97.2%, and the median withdrawal time was 10
minutes (IQR 8-15 minutes), table 1. Reflecting differences in colonoscopy traditions in the
different countries, sedation was administered in 10.8% of patients in Norway, 23.1% in
Poland, 45.9% in Sweden, and in 90.0% in the Netherlands. Most commonly used drugs
were propofol (1,433 individuals, 11.4%), midazolam (2,126 individuals, 16.9%) or a
combination of midazolam and fentanyl (2,398 individuals, 19.1%). The quality of bowel
preparation was judged as very good or good in more than 90% of colonoscopies (table 2).

As shown in table 2, 62 individuals were diagnosed with colorectal cancer at screening
(0.5%). Of these, 14 (0.1%) had tumors in the proximal colon (cecum, ascending or
transverse colon, or splenic flexure), and 50 (0.4%) had distal tumors (descending or
sigmoid colon, rectum). The overall prevalence of colorectal polyps was 48.1% (6,049
individuals); 3,861 individuals (30.7%) had adenomas, and of these, 1,304 (10.4%) were
high-risk. The adenoma yield was similar in the distal as compared to the proximal colon
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(table 2). In total, 3095 patients were diagnosed with serrated polyps (24.6%); thereof 285
(2.3%) with a size of 10 mm or larger. 221 patients had large (10 mm or larger) serrated
polyps in the proximal colon and 73 in the distal colon.

During screening colonoscopy, 58 patients were diagnosed with previously unknown
inflammatory bowel disease, and seven patients had neuroendocrine tumors removed.

Adverse events

Patient pain

We observed one colonoscopy perforation (0.01%). The patient returned to the hospital the
evening after the colonoscopy with abdominal pain and fever. CT-scan revealed free air;
laparotomy with surgical suture of the perforation was performed. The patient fully
recovered. Two post-polypectomy serosal burns were observed, both resolved without
intervention. 18 patients developed bleeding due to polypectomy (0.15%). All were treated
endoscopically. No deaths or other major complications related to the screening intervention
occurred within 30 days after screening. Fifty-one patients experienced minor vasovagal
reactions during colonoscopy (0.41%). All were short-term, without need of extra measures
for the patient after the procedure.

and satisfaction

Patient pain and satisfaction questionnaires were used in Norway, Poland and Sweden.
Overall, 10,907 patient questionnaires were issued (92.1% of all participants), and 9,201
patients (84.4%) returned the questionnaire; 98.9% of patients were generally satisfied with
the screening intervention. Figure 2 (panel A) shows patient pain during colonoscopy;
79.7% had none or slight abdominal pain during colonoscopy (no pain 45.9%; slight pain
33.8%), while 20.3% reported moderate or severe pain (moderate pain 12.5%; severe pain
7.8%). Figure 2 and table 2 in the supplementary appendix show the association of patient
pain with sedation and insufflation gas used in the different participating countries. Overall,
pain during colonoscopy was not significantly associated with the use of sedation (adjusted
odds ratio 0.91; 95%CI 0.61-1.35), but with differences between the countries (due to
variation in clinical practice). There was no difference in per-procedural patient pain
between the two insufflation gases used, but significant differences between countries
(p<0.001). A higher proportion of women experienced moderate or severe pain as compared
to men (26.3% versus 14.6%, p<0.001).

During the 24 hours after colonoscopy, 9.4% of all patients experienced moderate or severe
abdominal pain (moderate pain 6.5%; severe pain 2.9%.) A 4-fold higher proportion of
patients examined with air insufflation reported abdominal pain as compared to CO,
insufflation (16.7% versus 4.2%, p<0,001), (figure 2, panel B). Severe pain after
colonoscopy was reported by 1% of patients examined with CO, insufflation as compared to
5.6% with air insufflation. This finding did not change after adjustment for country, and
there was no significant heterogeneity between countries.

Individual performance and diagnostic yield

We found substantial variations in individual endoscopist performance regarding cecum
intubation rate, adenoma yield, and patient pain and discomfort during and after
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colonoscopy (figure 3, panel C and D). There was also a significant difference in adenoma
yield between the participating countries (p<0.001).

Discussion

In this randomized, population-based trial on colonoscopy screening, we found satisfactory
participation, performance and yield for both distal and proximal polyps, but with large
differences between endoscopists. We further reveal that post-procedural abdominal pain is
common in screening colonoscopy using standard air insufflation, and that it can be
significantly reduced by using CO».

While many Americans regularly undergo colonoscopy screening, no randomized trials have
been performed to quantify the effectiveness of colonoscopy screening on colorectal cancer
incidence and mortality. The NordICC trial is the first to investigate the effectiveness of
colonoscopy screening compared to no screening. The main results are expected in 15 years’
time.

The overall performance of colonoscopy was well above thresholds for adenoma detection
and cecum intubation. This is reassuring with regards to future achievement of the trial
endpoints. However, as figure 3 shows, there was considerable inter-endoscopist variation.
Recommended benchmarks for cecum intubation rate (95%) and adenoma yield (25%
adenoma detection rate) were not met by 6 (17.1%) and 10 endoscopists (28.6%),
respectively. Future analysis will reveal if endoscopist performance is related to differences
in ultimate patient outcomes. Further, although high adenoma yield is desirable, most non-
advanced adenomas do not harbor a large risk of malignant transformation, but its detection
leads to a larger number of surveillance colonoscopies. Future analysis may reveal if the
effect on colorectal cancer incidence and death outweighs the increased burden in
colonoscopy capacity due to high adenoma yield.

The rate of major adverse events was 0.15%, which we consider acceptable. Our rate is
lower than that observed in a recently published population-based trial comparing
colonoscopy with fecal immunochemical testing in Spain (0.51%)6. The higher adverse
event rate may be related to the higher sedation rate in the Spanish trial (96% sedation rate)
as compared to ours.

Some studies have suggested a smaller effect of colonoscopy in the proximal as compared to
the distal colon. In our study, detection rates for low and high-risk adenomas were as high in
the proximal as in the distal colon. This is in accordance withthe Spanish colonoscopy
screening trial.1® The high adenoma yield in the proximal colon may translate into higher
effectiveness of colonoscopy screening as compared to sigmoidoscopy for prevention of
proximal cancer. Site-specific age- categorized colorectal cancer incidence and mortality
will be investigated during follow-up, but to be able to achieve sufficient power, data pooling
from the four currently ongoing randomized colonoscopy trials will be necessary.1’

Our trial randomized individuals directly from the population registries. The intention-to-
treat estimates obtained under this design are more helpful to assess population effectiveness
than to inform individual decision making because the magnitude of the effect depends on

JAMA Intern Med. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bretthauer et al.

Page 8

the proportion of participants who accept to receive the screening. Interestingly, participation
rates differed considerably between the different countries. This may be grounded in
differences in cultural settings and beliefs, and expectations around endoscopic procedures.
We used the same information and invitation routines in Poland, Sweden and Norway. The
Netherlands used a slightly different invitation brochure, and due to national requirements,
individuals were invited to an outpatient visit before the colonoscopy for verbal information
on participation in the trial, the colonoscopy procedure and its preparation at the hospital
before the date of the colonoscopy. While this may explain a lower participation rate in the
Netherlands, observed rates were also significantly different between the other three
countries. Thus, we cannot fully explain the difference in participation between the four
countries by different approaches within the study organization. We believe that cultural
differences such as public awareness or shame for colorectal disease, or perception about
colonoscopy as painful or uncomfortable may play a role in the observed differences. The
remarkable high 60% participation rate in Norway correlates with the previous participation
rates for flexible sigmoidoscopy screening?®, the low 23% participation in the Netherlands
contrasts with the 70% uptake in FIT screening in that country. Notably, high cecum
intubation rates were achieved with a low sedation rate.

The overall participation rate (40%) was somewhat lower than expected, but is higher than in
other population-based trials: 24-6% for colonoscopy and 34-2% for fecal immunochemical
screening in the Spanish randomized trial®, and 33-6% for CT colonography in the Dutch
COCOS trial.18 As shown in Figure 1 of the supplementary appendix, the NordICC trial will
likely have sufficient power to detect differences in colorectal cancer mortality with the
achieved participation.

Patient pain and discomfort may be a major barrier for participation in screening
colonoscopy. We found that 80% of patients reported no or only light pain during the
procedure, while 20% reported moderate or severe pain. This is comparable to reported
patient pain in flexible sigmoidoscopy screening trials.1920 Interestingly, about 16% of
patients suffered from moderate or severe pain after colonoscopy using standard air
insufflation. The use of carbon dioxide insufflation reduced the absolute risk of post-
colonoscopy abdominal pain significantly to 4%, see figure 2. It is important to disentangle
the effects of CO, from the effects of sedation; while the main effect of CO, occurs afterthe
examination (in the hours after the colonoscopy has ended, often after the patient is
discharged from the endoscopy unit), sedation relates to pain and discomfort during the
colonoscopy. Further, while pain and discomfort during colonoscopy often is short in
duration, pain after colonoscopy lasts longer (for up to 24 hours) and may affect patient
compliance more than intra-procedural pain. Thus, CO, is equally relevant to use in sedated
and non-sedated patients. Therefore; also in countries in which colonoscopy is performed
with sedation (such as in the US), CO, insufflation is beneficial.

The profound effect of CO, to reduce post-colonoscopy pain and discomfort is intriguing,
although not novel. Our observation is in accordance with previous evidence from smaller
randomized trials2L. Further, CO, eliminates the risk of explosion during polypectomy.
Although explosion during polypectomy is very rare event with air insufflation, cases have
been reported in the literature until recently?2. However, despite strong evidence for the
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superiority of CO,, air insufflation is still the standard gas used around the world. The lack
of implementation of CO, is a concern for patient safety and comfort. Abdominal pain after
colonoscopy may also be an ignored cause for poor participation in endoscopic screening.

We found no significant correlation between patient pain and the use of sedation, but with
different patterns in the different countries (see suppl. Fig 2). This is in accordance with
previous evidence and suggests that pain and discomfort during colonoscopy is more related
to local practice, endoscopist training and patient characteristics?3:24. Colonoscopy without
sedation is performed technically differently than with sedation, and local traditions for
training are guiding local practice. Both have advantages and disadvantages?3. For many
patients, unsedated colonoscopy is feasible. However, some patient groups (e.g. women with
previous abdominal surgery) have a higher risk of experiencing pain during colonoscopy and
unsedated colonoscopy may be more challenging??.

In conclusion, we report satisfactory participation, high adenoma yield, and adequate
performance for screening colonoscopy in the NordICC trial. The observed large differences
between countries and individual endoscopists deserve further investigation. Air insufflation
should be abandoned in screening colonoscopy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NordICC study flowchart
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Figure 2. Patients’ self-reported abdominal pain during and after screening colonoscopy
Percentages of patients with moderate or severe abdominal pain during (panel A) and within

24 hours after (panel B) colonoscopy, displayed by country and insufflation gas used (air or
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carbon dioxide (CO>)). Patient pain was self-reported using a validated questionnaire with a
4-point visual rating scale (VRS-4).

Panel A: Patients’ self-reported abdominal pain during screening colonoscopy (p<0-001 for
difference between countries. P=0.40 for difference between insufflation gases after
adjustment for country).

Panel B: Patients’ self-reported abdominal pain after screening colonoscopy. Moderate or
severe pain after colonoscopy related to insufflation gas used during examination (carbon
dioxide (CO») or air); (p<0.001 for difference between insufflation gas after adjustment for
country)
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Performance indicators (panel A: cecum intubation rate; panel B: adenoma yield; panel C:
percentage of patients with moderate or severe pain during colonoscopy; panel D:
percentage of patients with moderate or severe pain during the 24 hours after colonoscopy)
for endoscopists (by country) who performed at least 30 examinations in the NordICC trial.
The horizontal lines represent the mean value (solid) with 95% confidence interval (dashed).
These are estimated with a random effects model to account for clustering at the endoscopist
level.

Panel A: cecum intubation rate

Panel B: adenoma yield (percentage of patients with adenomas)

Panel C: percentage of patients with moderate or severe pain during colonoscopy

Panel D: percentage of patients with moderate or severe pain 24 hours after colonoscopy
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