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ABSTRACT

Background and study aims High-quality is crucial for the
effectiveness of colonoscopy and can be achieved by high-

quality training and verified with assessment of key per-

formance indicators (KPIs) for colonoscopy such as cecum

intubation rate (CIR), adenoma detection rate (ADR) and

adequate polyp resection. Typically, trainees achieve ade-

quate CIR after 275 procedures, but little is known about

learning curves for KPIs after initial training.

Methods This cross-sectional study includes work-up colo-

noscopies after a positive screening test with fecal occult

blood testing (FIT) or sigmoidoscopy, performed by either

trainees after 300 training colonoscopies or by consultants.

Outcome measures were KPIs. We assessed inter-endos-

copist variation in trainees and learning curves for trainees

as a group.We also compared KPIs for trainees and consul-

tants as a group.

Results Data from 6,655 colonoscopies performed by 21

trainees and 921 colonoscopies performed by 17 consul-

tants were included. Most trainees achieved target stand-

ards for main KPIs. With time, trainees shortened cecum

intubation time and withdrawal time without decreasing

their ADR, reduced the proportion of painful colonosco-

pies, and increased the adequate polyp resection rate (all

P <0.01). Compared to consultants, trainees had higher

CIR (97.7% vs. 96.3%, P=0.02), ADR after positive FIT

(57.6% vs. 50.3%, P <0.01), and proximal ADR after sig-

moidoscopy screening (41.1% vs. 29.8%; P <0.01), higher

adequate polyp resection rate (94.9% vs. 93.1%, P=0.01)

and fewer serious adverse events (0.65% vs. 1.41%, P=

0.02).
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Introduction
Colonoscopy is the cornerstone in colorectal cancer (CRC)
screening, investigation of bowel symptoms and surveillance
for polyps and inflammatory bowel disease.

Several societies have published guidelines for colonoscopy
quality [1–3] measured by key performance indicators (KPIs).
KPIs vary widely among endoscopists, and inadequate perform-
ance jeopardizes patient outcome [4]. High cecum intubation
rate (CIR), high adenoma detection rate (ADR) and adequate
polyp resection techniques are crucial to reduce post-colonos-
copy CRCs (PCCRCs) [5–7]. Additionally, short withdrawal time
is associated with low ADR [8]. Patient reported outcome and
experience measures are also important, since poor patient ex-
periences represent barriers to colonoscopy attendance, al-
though no target standard exists [1]. Endoscopists who have a
high CIR cause less discomfort and use less sedation [9]. Finally,
serious adverse events (SAEs) like perforation and bleeding are
rare in high-quality colonoscopies [1].

High-quality training is required to achieve target KPIs, but
current guidelines focus more on numbers and recommend at
least 275 supervised colonoscopies before colonoscopies are
performed independently [10, 11]. CIR is considered the most
important measure of colonoscopy competence [10, 11]. How-
ever, studies have demonstrated wide variation in learning
curves for various KPIs [12–15]. Consequently, it may be more
appropriate to focus on the achievement of a wider range of
target KPIs [16, 17]. Little is known about improvement of KPIs
after initial colonoscopy training and whether learning curves
are different for various KPIs.

This study aimed to assess individual colonoscopy perform-
ance in trainees, whether there is a continuous improvement of
specific KPIs after initial colonoscopy training, and whether it is
feasible to schedule repetitive assessments of their competen-
cy. It also compared endoscopy trainees (named trainees) and
gastroenterology consultants (named consultants), serving as
a reference for adequate endoscopy performance.

Methods
Design

This cross-sectional study assessed colonoscopy KPIs for trai-
nees and consultants within a Norwegian population-based,
randomized CRC screening trial. The trainees and consultants
were employed at the section of gastroenterology at two sec-
ondary care hospitals housing their respective screening cen-
ter, and the study was coordinated by the Cancer Registry of
Norway. The screening trial invited 140.000 persons aged 50–
74 to once-only sigmoidoscopy or fecal immunochemical test
(FIT) every other year, described in detail elsewhere [18]. We in-
cluded data from work-up colonoscopies after a positive pri-
mary screening test from April 2012 until April 2020. The

screening trial was approved by the Regional Committee for
Medical Research Ethics in Southeast Norway (2011/1272) and
is registered at clinicaltrials.gov (NCT 01538550).

Consultants and trainees

Prior to the screening trial, consultants at both screening cen-
ters had attended Joint Advisory Group (JAG) on Endoscopy’s
train-the-colonoscopy-trainer (TCT) courses [19]. TCT courses
focus on competency-based training and aim to provide endos-
copists with conscious competence in colonoscopy. All consul-
tants performing colonoscopies included in this trial were spe-
cialists in gastroenterology and their KPIs serve as a reference
value for performance comparison. Colonoscopies performed
by gastroenterology surgeons were not included because sur-
geons only conducted a very limited number of colonoscopies.

The trainees at both screening centers were specifically re-
cruited to perform sigmoidoscopies and colonoscopies in the
screening trial and had no or very limited previous endoscopy
experience. The first three to six months of their employment,
most of them were exclusively trained in endoscopy by one-to-
one supervision. Delegates from TCT courses were in charge of
the training and supervision of the trainees, but also consul-
tants not specifically trained in TCT courses supervised the trai-
nees.

After initial training, trainees worked half time as endos-
copists in the screening trial and half time as trainees in internal
medicine or gastroenterology.

During the screening trial, trainees had access to their own
continuously updated KPIs. Staff meetings were held twice a
year to assess and provide feedback on the individual trainee’s
performance and align endoscopy routines.

Screening participants and colonoscopies

Screening participants with a positive test (FIT threshold >15
µg hemoglobin/g feces or sigmoidoscopy with any polyp sized
≥10mm, advanced adenoma, or ≥3 adenoma), were referred
to work-up colonoscopy [18]. In FIT positives, it was registered
whether the test was performed in the first, second or third
round of testing. Split dose bowel preparation was recommen-
ded, and CO2 was used for insufflation. The Olympus Exera II/III
systems (Olympus H180DL/I, CF-HQ190 L/I, PCF-PH190 L/I,
PCF-H190DL/I) were used for all colonoscopies. Water-assisted
intubation was performed at the endoscopist’s discretion and
magnetic endoscopic imaging (MEI) was available for all colo-
noscopies. The endoscopists assessed bowel cleansing quality
with a four-point rating scale (good, acceptable, partially poor,
or poor) [18]. Sedation or analgesia was provided on demand.

Conclusions Trainees performed high-quality colonosco-

pies and achieved international target standards. Several

KPIs continuously improved after initial training. Trainees

outperformed consultants on several KPIs.
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Data collection and outcome measures

Colonoscopies performed by trainees who had finished a train-
ing program including 300 colonoscopies and who had per-
formed at least 30 colonoscopies within the screening trial after
the training period, were included as well as all colonoscopies
performed by consultants. Data from Gastronet, the Norwegian
national quality assurance program for endoscopy, were used
to determine the date for the 300th colonoscopy. For some trai-
nees, only the month of colonoscopy performance was record-
ed. In these cases, all colonoscopies from the month following
the one with the 300th colonoscopy were included in the study.

Cecum intubation was defined as passing the ileocecal valve
and visualizing the entire cecum and CIR was based on each
screening participant’s first colonoscopy, since cecum intuba-
tion was not intended in many additional colonoscopies requir-
ed to achieve polyp-free colon. Cecum intubation time was de-
fined as the time spent advancing the endoscope from anus to
cecum and was measured for all complete colonoscopies.

For all lesions detected at colonoscopy, the appearance
(pedunculated or sessile) and size of removed lesions as well as
the resection technique (biopsy forceps or snare polypectomy)
was recorded.

The World Health organization guidelines for histological as-
sessment of neoplastic lesions was followed [20]. Advanced
adenoma was defined as adenoma ≥10mm, villous compo-
nents of at least 25%, and/or high-grade dysplasia. Adenoma
detection rate (ADR) and advanced ADR (AADR) were calculat-
ed only for colonoscopies after positive FIT, since distal lesions
discovered during primary sigmoidoscopy screening were re-
moved during the initial examination and another endoscopist
often performed the colonoscopy. For colonoscopies following
a positive sigmoidoscopy, ADR and AADR proximal to and in-
cluding the splenic flexure were calculated. Detection rates
were calculated as the proportion of participants with at least
one lesion detected at their first colonoscopy among the total
number of first colonoscopies.

Withdrawal time was defined as total procedure time minus
intubation time when no biopsy or polypectomy was performed
[1].

Adequate polyp resection technique was defined as snare
polypectomy of polyps (traditional serrated adenoma, hyper-
plastic polyp, sessile serrated lesion, non-advanced adenoma,
and advanced adenoma) larger than 3mm [1]. Adequate polyp
resection rate was the proportion of adequately resected le-
sions.

The Gastronet questionnaire was used to record patients’ sa-
tisfaction (not, a little, moderately, or very satisfied) and proce-
dural pain during colonoscopy (none, slight, moderate, or se-
vere pain) on a 4-point Likert scale [21]. The participants re-
ceived the questionnaire at the screening center and were
asked to return it in a prepaid return envelope the following
day. Pain was dichotomized into painful (moderate or severe
pain) versus non-painful (slight or no pain) colonoscopy. Due
to missing identification of participants, data on patient satis-
faction and patient-reported pain from 2013 were excluded.
Data on patient satisfaction from 2012 were excluded due to

the use of a 2-point Likert scale. Rates were calculated among
responders.

SAEs limited to perforations, significant bleedings, and
death occurring within 30 days after colonoscopy were asses-
sed by scrutinizing the health trusts' electronic medical report
system in case of polypectomy of polyps larger than one cm or
a re-contact coded as bleeding or perforation. Significant
bleeding was defined as bleeding causing hospitalization, blood
transfusion, repeated endoscopy, radiological intervention, or
surgery. Perforation was defined as detection of free intraperi-
toneal air on computed tomography. Mortality within 30 days
after endoscopy was assessed by linkage to the Norwegian pop-
ulation registry and a possible relation to endoscopy was eval-
uated by the study personnel scrutinizing the medical record.

Outcome measures were calculated for the individual trai-
nee and for the comparison of trainees and consultants as
groups.

Statistics

Continuous variables were expressed as means and interquar-
tile ranges (IQR) or 95% confidence intervals (CI); binary vari-
ables were expressed as numbers and percentages. At univari-
ate analysis, we used Chi-squared test and Fisher exact test to
compare binary KPIs. For continuous KPIs, we used one-way
ANOVA to compare the individual trainees and Student t-test
to compare KPIs between trainees and consultants as groups.

At multivariable analysis, we fitted logistic (for binary KPIs)
and linear (for continuous KPIs) regression models to compare
trainees and consultants as groups. To test for the effect of the
individual trainees on different KPIs, we compared nested re-
gression models with and without the individual trainees
through the likelihood ratio test.

Age and sex of the screenees were included in all models.
Further covariates included in regression models depended on
the KPI:
1. ADRs and AADRs in FIT screening were additionally adjusted

for FIT rounds due to decreasing detection rates in subse-
quent FIT rounds.

2. SAEs, pain, and satisfaction were additionally adjusted for
polyp size and appearance which may impact the outcome.
SAEs were also adjusted for the use of anticoagulants or an-
tiplatelet therapy.

For comparison of detection rates between individual trainees,
those without lesion detection were excluded from analyses.
Only colonoscopies with polypectomy were included in multi-
variable logistic regression analyses comparing SAEs between
trainees and consultants as a group.

Learning curves were evaluated per year of screening. The
first year was 365 days after completion of the training and ac-
cordingly the following years were 365 days each. To assess
learning curves, we used logistic (for binary KPIs) and linear
(for continuous KPIs) regression models with time in days as
the continuous independent variable. Models were adjusted
for screenees’ age and sex. Models assessing the proportion of
painful colonoscopies and patient satisfaction were additionally
adjusted for polyp size and appearance.
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P values and odds ratios (ORs) with 95% confidence intervals
(CIs) were reported. All tests were two-sided, and P<0.05 was
considered statistically significant.

Statistical analyses were performed using Stata statistical
software version 17.0 (StataCorp, College Station, Texas, Uni-
ted States).

Results
In total 7,576 colonoscopies were included in the analysis
(▶Fig. 1). After training, trainees performed 6.655 screening
colonoscopies, and consultants performed 921 colonoscopies.
Overall, 24 trainees performed colonoscopies in the screening
trial. Of these, 21 were included in the present study since
they performed at least 30 colonoscopies (range 65–1,140)
after the initial 300 training colonoscopies (▶Table 1). In addi-
tion, 17 consultants performing colonoscopies in the trial were
included.

Inter-endoscopist variation in individual trainees

The overall CIR was 97.7% (range between endoscopists
94.2%–100%) and it differed significantly both at univariate
(P=0.01) and multivariable analysis (P=0.01) (▶Table 2, ▶Ta-
ble3, ▶Fig. 2). Mean cecum intubation time for the individual
trainee varied between 8.7min and 17.7min (P<0.01 at uni-
variate and multivariable analysis) and overall mean cecum in-
tubation time was 13.7min (95% confidence interval [CI] 13.4
min-13.9min). ADR at colonoscopy after a positive FIT screen-
ing was 57.6% and AADR was 24.9% (▶Table 3). The inter-
endoscopist variation in ADR ranged from 48.9%- 69.5% (P=
0.01) and AADR from 13.6%- 43.9% (P <0.01) after a positive
FIT (▶Table2, ▶Fig. 1). At multivariable analysis, the inter-
endoscopist variation in ADR was confirmed (P=0.02), while
there was no difference in AADR (P=0.16). In colonoscopies
after a positive sigmoidoscopy screening, the overall proximal
ADR was 41.1% and proximal AADR 8.6%. Similar to the FIT-po-
sitive group, there was a significant inter-endoscopist variation

Screening colonoscopies, n = 10868

Colonoscopies included in analysis, n = 7576

Performed by consul-
tants, n = 921

Performed by trainees, 
n = 9947

1st colonoscopies for 
screenee, n = 778

1st colonoscopies for 
screenee, n = 6147

Lesions > 3 mm removed, 
n = 1205

Lesions > 3 mm removed, 
n = 10254

1st colonoscopies for 
screenee after positive 

FIT, n = 503

1st colonoscopies for 
screenee after positive 

FIT, n = 4192

1st colonoscopies for 
screenee after positive 
sigmoidoscopy, n = 275

1st colonoscopies for 
screenee after positive 

sigmoidoscopy, n = 1955

Performed by trainees 
after training, n = 6655

Excluded: n = 3292
▪ Performed within 
 training period

▶ Fig. 1 Flowchart.

▶Table 1 Baseline colonosopy data for trainees after training.

Trainee Number

of colonos-

copies

Age of screenees,

years, median (IQR)*

Female sex

screenees,

%

 1 1,140 65.9 (60.3–70.5) 43.1

 2 642 66.9 (60.6–71.3) 46.4

 3 538 67.3 (61.3–71.3) 41.3

 4 514 66.4 (61.8–71.3) 42.6

 5 482 66.8 (61.9–71.8) 44.0

 6 414 65.6 (59.9–71.5) 44.7

 7 392 65.0 (59.4–69.5) 41.8

 8 333 66.1 (60.1–70.3) 42.6

 9 325 65.8 (60.3–71.1) 40.3

10 306 64.1 (57.2–69.7) 40.8

11 277 65.6 (59.3–70.4) 42.2

12 243 64.0 (57.4–69.6) 36.6

13 229 66.1 (60.8–71.6) 40.6

14 177 66.6 (61.6–71.3) 40.1

15 113 67.6 (61.8–72.1) 46.9

16 112 65.6 (60.0–70.4) 33.9

17 99 64.3 (58.8–69.0) 48.5

18 92 66.0 (60.0–72.3) 27.2

19 83 65.0 (59.3–70.0) 48.2

20 79 66.2 (61.0–71.1) 34.2

21 65 66.4 (62.4–71.5) 35.4

IQR, interquartile range.
* Age either at invitation to sigmoidoscopy or at invitation to fecal immu-
nochemical test, which was positive and followed by subsequent colonos-
copy.
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for proximal ADR ranging from 27.8% to 52.5% both at univari-
ate analysis (P<0.01) and multivariable analysis (P<0.01). Prox-
imal AADRs were borderline different between endoscopists at
univariate analysis (1.3%-24.0%, P=0.09) and significantly dif-
ferent at multivariable analysis (P=0.03). The mean withdrawal
time was 12.8min (95% CI 12.5min-13.2min) (range 9.6 min-
25.1min) (P<0.01 at univariate and multivariable analysis). In
total, 94.9% of lesions larger than 3mm were removed ade-
quately by snare polypectomy but varied between 81.0% and
100% per trainee (P<0.01 at univariate and multivariable analy-
sis). The proportion of painful colonoscopies was 21.2% (range
9.8%-39.2%), with significant inter-endoscopist variation be-
tween trainees both at univariate and multivariable analysis (P
<0.01), while patient satisfaction did not differ significantly.

Learning curves for trainees as a group

Learning curves per year of screening after the training period
showed that trainees as a group during the first three years
after training shortened their cecum intubation time and with-
drawal time, improved their adequate polyp resection rate, and

reduced the rate of painful colonoscopies (all P<0.01) (▶Table
4, Supplementary Fig. 1). Patient satisfaction improved (P=
0.05). Over time, there was a negative trend for ADR in FIT
screening for the trainees, but when only considering colonos-
copies performed after a positive FIT in the first screening
round, the ADR was unchanged. CIR and proximal ADR in sig-
moidoscopy screening were unchanged over time.

Comparison trainees to consultants as groups

After training, trainees performed 6.655 (87.8%) screening co-
lonoscopies, and consultants performed 921 colonoscopies
(12.2%) (▶Table 3). The CIR of trainees was higher (97.7% for
trainees vs. 96.3% for consultants, univariate P=0.02, multi-
variable P=0.02, OR 1.6, 95% CI 1.1–2.5) (Supplementary Ta-
ble1). The trainees detected more adenomas in FIT screening
(57.6% vs. 50.3%, univariate and multivariable P<0.01, OR
1.4, 95% CI 1.2–1.8) and proximal adenomas after sigmoido-
scopy screening (41.1% vs. 29.8%, univariate and multivariable
P<0.01, OR 1.6, 95% CI 1.2–2.1) than consultants. There was
no difference between trainees and consultants in AADR after

▶Table 3 Comparison of colonoscopy key performance indicators between consultants and trainees.

Quality indicators Trainees Consultants P (univariate) P (multivariate)

No. colonoscopies, N (row %) 6,655 (87.8) 921 (12.2) – –

No. of 1st colonoscopies per participant, N (row %) 6,147 (88.8) 778 (11.2) – –

Cecum intubated, n/N (%)1 6,003/6,147 (97.7) 749/778 (96.3) 0.02 0.02

Adenoma detected after FIT, n/N (%)1 2,414/4,192 (57.6) 253/503 (50.3) < 0.01 < 0.01

Advanced adenoma detected after FIT, n/N (%)1 1,042/4,192 (24.9) 129/503 (25.7) 0.70 0.07

Proximal adenoma detected after sigmoidoscopy
n/N (%)1

804/1,955 (41.1) 82/275 (29.8) < 0.01 < 0.01

Proximal AA detected after sigmoidoscopy, n/N (%)1 169/1,955 (8.6) 23/275 (8.4) 0.88 0.97

Cecum intubation time, mean (95% CI), min2 13.7 (13.4–13.9) 12.6 (12.0–13.2) < 0.01 < 0.01

Withdrawal time, mean (95% CI), min3 12.8 (12.5–13.2) 10.8 (9.6–11.9) < 0.01 < 0.01

Adequate resection, n/N (%)4 9,734/10,254 (94.9) 1,122/1,205 (93.1) 0.01 0.01

Serious adverse events, n/N (%)

▪ Perforation 5/6,655 (0.08) 1/921 (0.11) 0.54 NA

▪ Bleeding 38/6,655 (0.57) 11/921 (1.19) 0.03 0.05

▪ Death 0/6,655 (0.00) 1/921 (0.11) 0.13 NA

Total adverse events 43/6,655 (0.65) 13/921 (1.41) 0.01 0.02

Pain, moderate/severe, n/N (%)5 924/4,353 (21.2) 99/406 (24.4) 0.14 0.16

Severe pain, n/N (%)5 337/4,353 (7.7) 35/406 (8.6) 0.53 0.55

Very satisfied, n/N (%)6 3,866/4,202 (92.0) 324/353 (91.8) 0.88 0.82

NA, not applicable; n, number of cases; N, population size.
1 Only first colonoscopies per screenee.
2 Only complete colonoscopies with registered time to reach cecum (n=6,063 performed by trainees, n =695 performed by consultants).
3 Only complete diagnostic colonoscopies (n=1,337 performed by trainees, n =177 performed by consultants).
4 Snare polypectomy of traditional serrated adenoma, hyperplastic polyp, sessile serrated polyp, non-advanced adenoma, and advanced adenoma>3mm.
5 2013 excluded due to missing participant identification.
6 In 2012 only possible to answer yes or no, therefor not included and 2013 not included due to missing participant identification.
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a positive FIT screening and proximal AADR after a positive sig-
moidoscopy. Both mean cecum intubation time (13.7min vs
12.6min, univariate and multivariable P<0.01) and mean with-
drawal time were longer (12.8min vs. 10.8min, univariate and
multivariable P<0.01) in trainees and adequate polyp resection
rate was higher in trainees compared to consultants (94.9% vs.
93.1%, univariate and multivariable P=0.01). Fewer SAEs oc-
curred in trainees’ colonoscopies than consultants’ (0.65% vs.
1.41%, univariate P=0.01, multivariable P=0.02, OR 0.5, 95%
CI 0.3–0.9). Rates of painful colonoscopies and rates of very sa-
tisfied participants were similar (table 3, supplementary table
2). Neither was there a difference in the proportion of colonos-
copies with severe pain between trainees and consultants.

Discussion
This study is the first to show how important KPIs continuously
improved after initial training and that high-quality colonosco-
py performance reaching international target standards was
achieved. Trainees also outperformed consultants on several

KPIs. Nevertheless, there were significant inter-endoscopist
variations for most of the KPIs. This study might be helpful
when scheduling assessment of recently trained endoscopists.

In our study, trainees as a group achieved a higher CIR than
consultants. All but two trainees, were above the recommen-
ded 95% target for CIR in screening colonoscopies [1, 2] con-
firming that most trainees can perform complete colonosco-
pies independently after an intensive training consisting of
300 training colonoscopies [10]. In accordance, a previous
study reported that intensive training was associated with
achieving complete colonoscopy (reaching caecum, terminal
ileum, ileo-colon anastomosis or neo terminal ileum) without
assistance from the trainer [14]. Still, it is important to empha-
size that continuous assessment of KPIs is required to make it
possible to act on and assist underperforming endoscopists to
improve.

All trainees reached ADRs in FIT-positive colonoscopies
above the recommended target [22], although the highest-
ranking trainee had a 1.4-fold higher ADR in FIT-positives and
a 1.9-fold higher proximal ADR after a positive sigmoidoscopy
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compared to the lowest-ranking trainee, in line with data from a
screening sigmoidoscopy trial [23]. In accordance with a retro-
spective study [24], trainees detected more adenomas than
consultants. Importantly, in our study there was no difference
in the detection of advanced adenomas between trainees and
consultants. This may indicate that trainees inspect the mucosa
more thoroughly, possibly because specifically trained to per-
form screening colonoscopies in asymptomatic participants, in
contrast to consultants in routine clinics primarily looking for
changes explaining symptoms. To the best of our knowledge
no previous study reports ADR changes over time. Decreased
ADR in FIT screening over time, caused by decreased prevalence
of adenomas in subsequent screening rounds, disappeared
when adjusting for FIT rounds.

Trainees performed cecum intubation and withdrawal faster
with increasing experience but still above ten minutes for with-
drawal and with unchanged ADR and decreasing pain scores, in
line with a previous study showing a limited increase in ADR for
withdrawal time above 10 minutes [25]. Shortening withdrawal
time and cecum intubation time improves cost-effectiveness
and may be pursued if it has no negative consequences on
other KPIs as pain and ADR.

European guidelines recommend that≥90% of lesions larger
than 3mm should be removed by snare polypectomy [1]. Re-
cently, cold snare polypectomy was found to be safe, effective,
and cheap for removal of lesions smaller than 10mm [26], but
not validated and implemented the first years of our trial,
therefore the rate of cold snare polypectomy was not assessed.
All but two trainees reached the target standard for snare poly-
pectomy, but still the inter-endoscopist variation was signifi-

cant. As far as we know, this study is the first to report changes
in adequate polypectomy rate over time and to show an in-
creasing proportion of adequately removed lesions with in-
creasing experience.

Another important finding was the inter-endoscopist varia-
tion in the proportion of painful colonoscopies with up to a 4-
fold difference in pain rate between trainees, as pain is a barrier
to colonoscopy [27, 28]. However, it is not easy to set a bench-
mark for acceptable proportion of painful colonoscopies since
the acceptance of discomfort and the expectations regarding
sedation may depend heavily on cultural expectations. The
number of painful colonoscopies decreased with increased ex-
perience and emphasizes the need to focus on painless colo-
noscopy technique avoiding looping and thus stretching of the
mesentery. Use of water-assisted techniques and ultrathin co-
lonoscopes are associated with less pain during colonoscopy
[29, 30]. Unfortunately, we have not assessed these factors sys-
tematically throughout the trial.

Most participants were very satisfied with their colonoscopy
experience, the inter-endoscopist variation in patient-reported
satisfaction was low and there was no difference between trai-
nees and consultants. Patient satisfaction improved over time
with increasing experience of trainees. It is possible that satis-
faction is a better marker than pain for the acceptance of a co-
lonoscopy in patients accepting a certain degree of short-term
pain. This may be particularly true since sedation is a known
barrier to screening colonoscopies [31, 32].

SAEs rates were in line with those reported from the gFOBT-
based English screening program [33]. Trainees caused less sig-
nificant bleedings than consultants even when adjusting for

▶Table 4 Learning curves for key performance indicators among trainees.

Quality indicator First year Second year Third year > Third year P1

Cecum intubation rate, n/N (%)2 2,482/2,541
(97.7)

1,531/1,573
(97.3)

1,107/1,133
(97.7)

883/900 (98.1) 0.21

Proximal ADR after sigmoidoscopy, n/N (%)2 339/825 (41.1) 210/532 (39.5) 157/375 (41.9) 98/223 (44.0) 0.87

ADR after FIT,n/N (%)2 1,025/1,716
(59.7)

606/1,041 (58.2) 430/758 (56.7) 353/677 (52.1) < 0.01

ADR after FIT 1. round, n/N (%)2 522/858 (60.8) 260/412 (63.1) 101/163 (62.0) 51/90 (56.7) 0.33

Mean cecum intubation time, min (95%CI)3 14.6 (14.2–15.0) 14.0 (13.5–14.5) 12.1 (11.6–12.6) 12.5 (11.9–13.0) < 0.01

Mean withdrawal time, min (95% CI)4 13.5 (12.9–14.2) 13.5 (12.9–14.2) 12.0 (11.4–12.6) 11.3 (10.7–11.9) < 0.01

Adequate resection technique, n/N (%)5 4,030/4,319
(93.3)

2,669/2,791
(95.6)

1,865/1,926
(96.8)

1,170/1,218
(96.1)

< 0.01

Very satisfied, n/N (%)6 1,437/1,569
(91.6)

988/1,083 (91.2) 825/892 (92.5) 616/658 (93.6) 0.05

Painful colonoscopy, n/N (%)7 387/1,706 (22.7) 235/1091 (21.5) 188/897 (21.0) 114/659 (17.3) < 0.01

ADR, adenoma detection rate; FIT, fecal immunochemical test; n, number of cases; N, population size
1 Tests changes in time as continuous variable and adjusted for covariates as explained in the method section.
2 Only first colonoscopies per screenee.
3 Only complete colonoscopies with registered time to reach cecum (n=6,063).
4 Only complete diagnostic colonoscopies (n=1,337).
5 Snare polypectomy of traditional serrated adenoma, hyperplastic polyp, sessile serrated polyp, non-advanced adenoma, and advanced adenoma>3mm.
6 In 2012 only possible to answer yes or no, therefor not included and 2013 not included due to missing participant identification.
7 Moderate and severe pain defined as painful colonoscopy, 2013 excluded due to missing participant identification.
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consultants possibly performing the most advanced polypec-
tomies. The question of a possibly more liberal use of prophy-
lactic clips among trainees remains unanswered since this was
not systematically monitored. As SAEs were rare, we did not in-
vestigate time trends or SAE rates per individual trainee.

An important strength of this study is the high number of
trainees and the long-term assessment of several KPIs while
previous studies often focus only on one KPI. Furthermore, the
screening database provided high-quality data. The availability
of patient experience and outcome measures is an additional
strength.

A limitation of the present study is missing details on colo-
noscopy training. Consultants at both endoscopy centers had
attended courses based on JAG’s TCT courses and upskill train-
ing in colonoscopy. The courses probably improve the trainer’s
pedagogic skills for supervision and performance enhancing
feedback to trainees [34]. However, consultants not specifically
trained in TCT courses also supervised the trainees, but as
shown in a previous study, TCT courses have a significant effect
on overall center performance. This may suggest that the colo-
noscopy training skills of all of a center’s consultants are im-
proved if at least one consultant attends TCT courses [35].

Unfortunately, we could not assess individual learning
curves as the total numbers for KPIs for individual trainees
were too small and therefore changes over time are only re-
ported for trainees as a group.However, we observed signifi-
cant inter-endoscopist variation in trainees and a few trainees
did not reach the target standards for all KPIs. Therefore, trai-
nee’s colonoscopy performance should be monitored after ini-
tial training and individualized supervision and training should
be provided if there is uncertainty about the achievement of
adequate colonoscopy quality.

Conclusions
Trainees continued to improve their colonoscopy performance
for several KPIs after initial training, they performed high-qual-
ity procedures, and were superior to consultants for several
KPIs, demonstrating that endoscopists can be successfully
trained within an intensive training program. The improvement
might be explained by a paradigm shift in endoscopists’ train-
ing curriculum with high focus on conscious competence and
competency-based training, continuous access to individual
KPIs and biannual meetings comparing endoscopists’ KPIs and
providing individual feedback. The study also indicate that it is
necessary to schedule assessments of the trainees even after
initial training. Still, KPIs varied between trainees. Further stud-
ies are needed to assess root causes for the variation between
trainees, varying learning curves, and why consultants perform
less well than experienced trainees for several KPIs.
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