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ABSTRACT

Background To address mismatch between routine

endoscopy capacity and demand, centers often implement

initiatives to increase capacity, such as weekend working or

using locums/agency staff (insourcing). However, there are

concerns that such initiatives may negatively impact quali-

ty. We investigated polyp detection for weekend vs. week-

day and insourced vs. standard procedures using data from

the UK National Endoscopy Database.

Methods We conducted a national, retrospective, cross-

sectional study of diagnostic colonoscopies performed dur-

ing 01/01–04/04/2019. The primary outcome was mean

number of polyps (MNP) and the secondary outcome was

polyp detection rate (PDR). Multi-level mixed-effect regres-

sion, fitting endoscopist as a random effect, was used to ex-

amine associations between procedure day (weekend/

weekday) and type (insourced/standard) and these out-

comes, adjusting for patient age, sex, and indication.

Results 92879 colonoscopies (weekends: 19977 [21.5%];

insourced: 9909 [10.7%]) were performed by 2496 endos-

copists. For weekend colonoscopies, patients were less of-

ten male or undergoing screening-related procedures; for

insourced colonoscopies, patients were younger and less

often undergoing screening-related procedures (all P <

0.05). Fully adjusted MNP was significantly lower for week-

end vs. weekday (incidence rate ratio [IRR] 0.86 [95%CI

0.83–0.89]) and for insourced vs. standard procedures (IRR

0.91 [95%CI 0.87–0.95]). MNP was highest for weekday

standard procedures and lowest for weekend insourced

procedures; there was no interaction between procedure

day and type. Similar associations were found for PDR.

Conclusions Strategies to increase colonoscopy capacity

may negatively impact polyp detection and should be mon-

itored for quality. Reasons for this unwarranted variation re-

quire investigation.
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Introduction
Colonoscopy is the gold standard investigation for the large
bowel. Its use has increased year on year. For example, in the
UK, 700 000 procedures were conducted in the year before the
COVID-19 pandemic [1] and demand is projected to continue
growing [2].

This growth means endoscopy services are under pressure.
There are variations in access across Europe [3] and, in the UK,
services are failing to meet waiting time targets [4]. To increase
capacity, many services have implemented special initiatives,
including: extending working hours on weekdays and at week-
ends (paying staff for overtime); subcontracting services to a
supplier that employs locums or agency staff and uses the
NHS organization’s premises and equipment to deliver proce-
dures (insourcing); and referring patients to an external provi-
der (outsourcing). Use of such initiatives is widespread; in
2021, 46% of UK services used insourcing and 53% conducted
weekend lists [4–7].

Maximizing colonoscopy quality is paramount in minimizing
the number of missed cancers and maximizing the potential to
prevent cancer through premalignant polyp detection and re-
section. Perhaps the most important colonoscopy performance
measures relate to polyp detection. Studies demonstrate an in-
verse correlation between adenoma detection rate (ADR) and
post-colonoscopy colorectal cancer rate [8, 9]. Colonoscopy
quality in Europe has improved [10–14], but concern has been
raised about the potential impact on quality of initiatives that
are introduced to increase the workload to address the increase
in demand. Service pressures and financial incentives, particu-
larly associated with waiting list initiatives or in-/outsourcing
services, might overtly or subconsciously favor “doing more”
rather than “doing well” [5]. Quality might also reduce when
an endoscopist practices outside their base unit, as happens
with insourcing, due to relative unfamiliarity with equipment,
staff, and processes.

Elsewhere in clinical practice, there are reports (albeit incon-
sistent) of a “weekend effect” characterized by lower standards
of care and/or poorer outcomes for patients treated at week-
ends compared with patients treated during the week (see, for
example [15–18]). A recent colonoscopy study reported that
while quality standards were maintained for weekend and eve-
ning procedures, ADR and mean number of polyps per proce-
dure were lower on Saturdays and evenings than on weekdays
[19]. However, this single-center analysis did not adjust ADR
for differences in characteristics of patients seen at weekends
and weekdays (case-mix), which can induce artifactual differen-
ces in outcomes [20]. Investigations of quality and insourcing
are lacking, but a review of research on use of locums in medi-
cal practice noted concerns about patient safety and higher risk
of harms [21].

The UK’s National Endoscopy Database (NED) is a novel reg-
istry that captures real-time patient-level data automatically
from each hospital’s endoscopy reporting system. NED, which
commenced roll-out in 2016, aims to capture all endoscopy
procedures from all UK endoscopy units (about 520 across
both the state National Health Service [NHS] and the indepen-

dent sector) [22]. Using NED data, we investigated whether in-
sourcing and/or weekend working was associated with colonos-
copy quality. Our aims were to: 1) examine whether polyp de-
tection rates vary between weekend and weekday procedures,
and between regular and insourcing activity, after accounting
for case-mix; and 2) investigate whether there was any interac-
tion between procedure day (weekday/weekend) and type
(standard/insourcing). In addition, we also aimed to explore
possible associations between other pre-selected markers of
colonoscopy quality and workload, procedure day, and proce-
dure type.

Methods
Data source, design, and inclusion criteria

NED collects data on endoscopy processes such as indications,
diagnoses, therapies, and patient comfort during each proce-
dure, as well as anonymized data on patient age and sex. Data
are recorded at the procedure level, and histology is not record-
ed [22].

For this retrospective cross-sectional study, within the NED-
APRIQOT research project [23], we extracted data on 100 000
consecutive independent (i. e. nontraining) colonoscopies per-
formed between 01/01/2019 and 04/04/2019. This was the
most recent quarter with available data when the study com-
menced. Data were available on the procedure and its outcome
(e. g. whether conducted as a result of the Bowel Cancer
Screening Programme, urgency, therapy, polyps detected),
the patient (e. g. age, sex, indication for colonoscopy), which
endoscopist conducted the procedure, and the endoscopy
unit/hospital Trust in which it was performed.

The dataset was restricted to complete nonemergency pro-
cedures (i. e. colonoscopy that reported extent of cecum, term-
inal ileum, neoterminal ileum or ileocolonic anastomosis), with
withdrawal time of < 120 minutes, and complete polypectomy
data, conducted on patients aged 18–99 years (see Fig. 1 s in
the online-only Supplementary material).

Outcome measures

We considered two recognized detection-related colonoscopy
key performance indicators: mean number of polyps detected
(MNP, expressed per 100 procedures, primary outcome), and
polyp detection rate (PDR, secondary outcome). MNP was
defined as the total number of polyps detected divided by the
total number of colonoscopies, multiplied by 100.As a metric,
it aligns more closely to what is being assessed (i. e. thorough
inspection of the entire colorectum) than “one and done” me-
trics such as the ADR [23]. A cap of five polyps per procedure
was applied to ensure comparisons were not unduly influenced
by polyposis patients and in line with evidence that the ADR
plateaus at around five polyps detected [24]. PDR, which is con-
sidered an acceptable surrogate for ADR in the absence of his-
tology [25], was defined as percentage of colonoscopies in
which at least one polyp was detected. Examples of polyps are
shown in ▶Fig. 1.
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Main explanatory variables

Each colonoscopy was classified according to whether it was 1)
performed on a weekend (variable: weekend Yes [performed
Saturday/Sunday]/No [performed Monday–Friday]) and 2) an
insourced or standard procedure (variable: insourced Yes/No
[standard]). For each endoscopist, the hospital Trust where
they performed most procedures during the analysis time peri-
od, was considered their main Trust. A hospital Trust may have
more than one site, but an endoscopist (if they work across
more than one site) would be familiar with each site, including
the endoscopy equipment, team, and processes. If an endos-
copist worked in only one Trust, that Trust was their main Trust.
Standard colonoscopies were defined as colonoscopies con-
ducted in an endoscopist’s main Trust. Insourced colonoscopies
were defined as colonoscopies conducted in a Trust that was
not the endoscopist’s main Trust.

Other endoscopy data

Polyps are more common in men and older individuals, and
prevalence varies by indication [26]. Adjusting outcomes for
case-mix is therefore important. Three case-mix variables were
considered: patient sex, patient age, and procedure indication.
Procedures where sex was unknown were combined with fe-
males for analysis. Patient age was categorized as 18–39, 40–
49, 50–59, 60–69, and 70+ years. A hierarchical indication vari-
able was derived: screening (indication Bowel Cancer Screening
Programme or fecal occult blood test; the study was conducted
before widespread use of fecal tests for triage of symptomatic
populations); inflammatory bowel disease (IBD) assessment
(IBD assessment/surveillance only or plus any other indications
recorded but not screening); previous polyps (previous polyps
only or plus other indications but neither screening nor IBD);
previous abnormal investigation (previous abnormal sigmoido-
scopy or abnormal computed tomography only or plus other in-
dications but not screening, IBD or previous polyps); lower gas-
trointestinal symptoms (constipation, diarrhea, chronic alter-
nating diarrhea/constipation, previous bleeding, abdominal
pain, abdominal mass, or anemia only or plus other indications
but not screening, IBD, previous polyps, or previous abnormal
investigations); and other (polyposis, family history of colorec-
tal cancer, colorectal cancer follow-up, stent replacement or re-
moval, tumor assessment, weight loss or other).

Other markers of colonoscopy quality and workload [25]
were considered for purposes of interpretation. Each marker
was computed separately for weekend (yes/no) and insourced
(yes/no) procedures. Cecal intubation rate and terminal ileum
intubation rate were defined as the percentage of colonosco-
pies in which the colonoscope tip passed at least to the cecum
and neoterminal ileum or terminal ileum, respectively. With-
drawal time was based on negative procedures only (i. e. no
polyps were found and no therapeutic procedures were per-
formed) and grouped into <6, 6–9, 10–30 minutes, and un-
known. Bowel preparation quality score was categorized as ex-
cellent, good, fair, inadequate, and unknown. Patient discom-
fort score was assessed by an endoscopist or a nurse or both
(in which instance, the worst score was used for analysis); it
was grouped as none/minimal/mild, moderate/severe, and un-
known. Use of hyoscine butylbromide and sedation (pethidine,
midazolam, or fentanyl) were also summarized.

Procedure points were used to describe the schedule of pro-
cedures (list) length, as follows. We counted and classified all of
the procedures in the list that contained the index colonoscopy.
Two “points” were allocated for the index colonoscopy. One ad-
ditional point was allocated for each upper endoscopy or flex-
ible sigmoidoscopy on the list; two additional points were allo-
cated for each additional colonoscopy on the list; and three
points for each endoscopic retrograde cholangiopancreatogra-
phy procedure (ERCP) (e. g. had the list included only the index
colonoscopy, the list length would have been “2 points”; had
the list included the index colonoscopy, plus one additional co-
lonoscopy, two flexible sigmoidoscopies and one ERCP, the list
length would have been “9 points”); list length was capped at
16 points, as the longest plausible length.

Ethical approval

Health Research Authority and Health and Care Research Wales
approval was obtained for the NED-APRIQOT study and related
analyses [23].

Statistical analysis

Descriptive statistics were calculated for the study population
for case-mix, and other quality and workload variables. For
each variable, values were compared by procedure day (week-
end/weekday) or type (insourced/standard) using chi-square
tests or t tests as appropriate.

Given the hierarchical structure of the dataset, two-level
mixed-effect regression models with procedure-level covari-
ates as fixed effects and endoscopist as a random effect were
used [27]. MNP is count data, but was over-dispersed (variance
exceeded the mean), so negative binomial regression was used.
PDR is binary, therefore logistic regression was used. To investi-
gate whether insourcing was associated with each outcome, we
ran an unadjusted regression model, then adjusted for case-
mix. We repeated this for the weekend variable. The interaction
between weekend/weekday and insourcing/standard was test-
ed by fitting an interaction term; this was not statistically signif-
icant, so the final models include only the main effects. The fi-
nal case-mix adjusted weekend/weekday model was also adjus-
ted for insourcing/standard (and vice versa). For information,

▶ Fig. 1 Examples of polyps detected during colonoscopy. a Paris Is
polyp. b 10-mm Paris Ip adenoma.
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we ran a secondary analysis fitting a 2×2 variable for the com-
binations of weekend/weekday and insourcing/standard, adjus-
ted for case-mix. Finally, to consider the possibility that the re-
sults may be affected by potential confounders that we could
not control for (such as family history or presence of familial
syndromes), we conducted a sensitivity analysis in which we re-
calculated the main effects of procedure day and type, restrict-
ing consideration to procedures undertaken in patients aged 50
years and older. Throughout, P≤0.05 (two-sided) was consid-
ered statistically significant; no adjustments were made for
multiple testing. All statistical analyses were performed using
Stata 16.1 (StataCorp, College Station, Texas, USA).

Results
Procedure characteristics

After exclusions, the analysis included 92 879 colonoscopies
performed by 2496 endoscopists from 332 units and 112 Trusts
(Fig. 1 s). Overall, 53% of colonoscopies were performed in pa-
tients aged ≥60 years and half were in male patients. Investiga-
tion of lower gastrointestinal symptoms was the indication for
39.2% of colonoscopies performed, surveillance of previous

polyps accounted for 10.5%, and screening-related colonosco-
pies for 9.5% (▶Table 1).

About one-fifth (21.5%) of colonoscopies were performed at
weekends, and just over one in ten were insourced (10.7%).
Overall, 70.9% (65 813) were standard and done on weekdays,
18.5% (17 157) were standard and performed on weekends,
7.6% were weekday insourced (7089), and 3.0% (2820) were
weekend insourced.

At weekends, patients were less often male or attending for
a screening-related procedure compared with those undergo-
ing colonoscopy on a weekday (▶Table1). Patient age differed
little between weekend and weekdays. Patients undergoing in-
sourced colonoscopies were younger and less likely to be at-
tending for a screening-related procedure than those receiving
standard colonoscopy.

Primary outcome: weekends, insourcing, and MNP

The overall MNP was 68.7 per 100 procedures (▶Table 2). MNP
was lower in weekend than weekday colonoscopies (57 vs. 72
per 100 procedures), and in insourced than standard colonos-
copies (57 vs. 70 per 100 procedures).

▶ Table 1 Patient characteristics overall and by whether procedures were performed at weekends/weekdays, and by endoscopists working in their
main institution (“standard”)/locum or agency endoscopists (“insourced”).

Total Weekend Insourced

(N=92 879)

n (%)

Yes

(N=19 977)

n (%)

No

(N=72 902)

n (%)

P value1 Yes

(N=9909)

n (%)

No

(N=82 970)

n (%)

P value1

Age, years 0.013 < 0.001

▪ 18–39 11 649 (12.5) 2367 (11.9) 9282(12.7) 1579 (15.9) 10 070 (12.1)

▪ 40–49 11 540 (12.4) 2522 (12.6) 9018 (12.4) 1525 (15.4) 10 015 (12.1)

▪ 50–59 20 237 (21.8) 4377 (21.9) 15 860 (21.7) 2348 (23.7) 17 889 (21.6)

▪ 60–69 23 461 (25.3) 5031 (25.2) 18 430 (25.3) 2166 (21.9) 21 295 (25.7)

▪ ≥70 25 992 (28.0) 5680 (28.4) 20 312 (27.9) 2291 (23.1) 23 701 (28.6)

Sex 0.001 0.072

▪ Female2 46 861 (50.4) 10 283 (51.5) 36 578 (50.2) 5084 (51.3) 41 777 (50.4)

▪ Male 46 018 (49.6) 9694 (48.5) 36 324 (49.8) 4825 (48.7) 41 193 (49.6)

Indication < 0.001 < 0.001

▪ Screening 8828 (9.5) 598 (3.0) 8230 (11.3) 606 (6.1) 8222 (9.9)

▪ IBD assessment 4027 (4.3) 827 (4.1) 3155 (4.3) 377 (3.8) 3650 (4.4)

▪ Previous polyp(s) 9760 (10.5) 2079 (10.4) 7681 (10.5) 909 (9.2) 8851 (10.7)

▪ Previous abnormal
investigation

2551 (2.8) 570 (2.9) 1981 (2.7) 276 (2.8) 2275 (2.7)

▪ Lower GI symptoms 36 419 (39.2) 7642 (38.3) 28 777 (39.5) 4539 (45.8) 31 880 (38.4)

▪ Other3 31 294 (33.7) 8216 (41.1) 23 078 (32.7) 3202 (32.3) 28 092 (33.9)

IBD, inflammatory bowel disease; GI, gastrointestinal.
1 Chi-squared test.
2 Included 1005 unknown sex.
3 Polyposis, family history of colorectal cancer (CRC), CRC follow-up, stent replacement or removal, tumor assessment, weight loss, or other.
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In multivariable case-mix adjusted analyses, MNP was statis-
tically significantly lower at weekends compared with weekdays
(▶Table 3). This association persisted after further adjustment
for insourcing (incidence rate ratio [IRR] 0.86 [95%CI 0.83–
0.89]). Similarly, there was a statistically significant association
between insourced colonoscopies and lower MNP for weekend
procedures (IRR 0.91 [95%CI 0.87–0.95]), suggesting weekend
and insourcing have independent deleterious effects on MNP.

Older patient age, the patient being male, and procedure in-
dications of screening, previous polyps, and previous abnormal
investigation were significantly associated with higher MNP
(data not shown).

Secondary outcome: weekends, insourcing,
and PDR

The overall PDR was 34.9% (▶Table 2). It was lower at week-
ends and for insourced procedures (weekends 31.1%; weekdays
35.9%; insourced 30.9%; standard 35.4%).

The final fully adjusted multivariable models showed signifi-
cantly lower PDR in both weekend procedures (OR 0.86 [95%CI
0.82–0.90]) and insourced procedures (OR 0.90, [95%CI 0.85–
0.95]) (▶Table3).

Sensitivity analysis

When restricting consideration to procedures in people aged≥
50 years (n =69 690), effect estimates were little changed (fully
adjusted – weekend vs. weekday: MNP, IRR 0.86 [95%CI 0.83–
0.90]; PDR, OR 0.87 [95%CI 0.82–0.91]; insourced vs. standard:
MNP, IRR 0.91 [95%CI 0.87–0.96]; PDR, OR 0.92 [95%CI 0.86–
0.98]).

Secondary analysis: combination of weekend
and insourcing

Table1 s shows the secondary analyses, where procedures were
simultaneously categorized by whether they were weekend/
weekday or insourced/standard. There was no statistically sig-
nificant interaction between procedure day and type.

Other quality and workload indicators

▶Table4 compares other markers of colonoscopy quality and
workload by whether procedures were weekend/weekday or in-
sourced/standard. Terminal ileum intubation rate, but not cecal
intubation rate, was lower at weekends than weekdays. Two-
thirds of negative weekend procedures had a withdrawal time

of < 10 minutes compared with half of weekday procedures. At
weekends, a lower proportion of procedures had excellent/
good bowel preparation, and hyoscine butylbromide and seda-
tion were used less often compared with weekday procedures.
Mean number of points per list was higher at weekends (10.7
[SD 3.3] vs. 8.2 [SD 3.4]).

Cecal intubation rate and terminal ileum intubation rate
were both higher for insourced than standard procedures.
Slightly more standard procedures had a withdrawal time of <
10 minutes. Compared with standard procedures, a higher pro-
portion of insourced procedures had excellent or good bowel
preparation, and both hyoscine butylbromide and sedation
were more common for insourced procedures, while fewer pa-
tients had moderate/severe discomfort. The mean number of
points per list for insourced procedures was slightly higher
than that for standard procedures (8.8 [SD 3.5] vs. 8.3 [SD
3.8]).

Table2 s shows quality and workload indicators by combina-
tions of weekend and insourcing.

Discussion
To address increasing endoscopy demand, weekend and in-
sourced working are increasingly used. However, increasing ca-
pacity must not result in poorer service quality. To our knowl-
edge, this is the first study to investigate whether colonoscopy
quality, measured in terms of detection, is maintained in both
weekend and insourced working. Our nationwide analysis in-
cluded almost 100 000 procedures performed by almost 2500
endoscopists at more than 300 endoscopy units. Crucially, we
adjusted for case-mix, which is not under the control of the
endoscopist or unit and, as we have shown, varies between
weekend and weekday procedures, and between insourced
and standard procedures.

The statistically significantly lower MNP and PDR for colo-
noscopies performed at weekends suggest a “weekend effect”
on polyp detection. Independently of this effect, there was a
statistically significant association between insourced working
and lower MNP and PDR. These findings suggest that strategies
being used to increase colonoscopy capacity are having adverse
effects on polyp detection.

Although concerns have been raised about the potential
quality impact of strategies to increase workload, relatively
few studies have examined this topic. Despite insourcing being

▶ Table 2 Mean number of polyps (MNP) per 100 colonoscopies and polyp detection rate (PDR), overall, and by whether procedures were performed
at weekends or not, and were insourced1 or not.

Overall Weekend Insourced

Yes No Yes No

MNP, mean (95%CI)2 68.7 (68.0–69.5) 56.7 (55.2–58.2) 72.1 (0.71–0.73) 56.7 (54.6–58.8) 70.2 (69.3–71.0)

PDR, % (95%CI)3 34.9 (34.6–35.2) 31.1 (30.5–31.8) 35.9 (35.6–36.3) 30.9 (30.0–31.8) 35.4 (35.0–35.7)

1 Insourced defined as procedures performed by locums or agency endoscopists.
2 t test: : weekend yes vs no, P<0.001; insourced yes vs no, P<0.001.
3 Chi-square tests: weekend yes vs no, P<0.001; insourced yes vs no, P<0.001.
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used in almost half of UK units [4], no previous studies appear
to have examined quality of insourced colonoscopy procedures.
Regarding weekend working, a single-center UK study of 17
634 patients who underwent nonscreening colonoscopies be-
tween January 2016 and November 2018 reported higher MNP
and ADR during weekdays (0.49 and 28.8%, respectively) than
evenings (0.38 and 24.2%, respectively) and Saturdays (0.39
and 24.4%, respectively) in univariate analyses, but these dif-
ferences were not statistically significant after adjusting for
working team and bowel preparation [19]. A single-center Chi-
nese study of 34 022 screening colonoscopies compared ADR
across weekdays [28]; taking Monday as the reference, in an a-
nalysis adjusted for case-mix, bowel preparation, and sedation,
ADR was statistically significantly lower at weekends (OR 0.78
[95%CI 0.63–0.95]).

We examined other quality markers to shed light on possible
explanations for the observed unwarranted variation in quality,
and to inform what might be done to address this. We did not
adjust for these factors because we did not wish to convey an
impression that the variation observed can be “explained” (al-
beit statistically). Regarding procedure day, several quality
markers (including withdrawal time for negative procedures,
and use of hyoscine butylbromide) were worse for weekend
than weekday procedures. Moreover, mean number of points
per list was also higher at weekends, consistent with other
studies indicating that greater (cumulative) workload may be
associated with endoscopist fatigue, or pressure to save time
by cutting corners, and hence lead to lower detection [28–30].
Many of these markers have been associated with ADR in UK
endoscopy practice [31] and, unlike case-mix, they are, at least
to some extent, under the control of the endoscopist or unit

and, hence, potentially modifiable. In post hoc analyses we ad-
ded several of these markers to the fully adjusted models (bow-
el preparation, discomfort score, hyoscine butylbromide use,
intravenous sedation use, and points on list). The main effects
for weekends were slightly attenuated but remained statistical-
ly significant (MNP: IRR 0.92 [95%CI 0.89–0.96]; PDR: OR 0.93
[95%CI 0.89–0.97]), suggesting that these variables do not
fully explain the observed weekend effects. Additional explana-
tions should be considered.

Notably, similar patterns were not seen for insourced proce-
dures; in some instances, these other quality indicators were
statistically significantly better for insourced procedures. Re-
flecting this, in post hoc analyses adjusted for other markers
of quality and workload, risk estimates for insourced proce-
dures were slightly further from unity (not shown). This sug-
gests that rather than inherently lower quality of insourcing
endoscopists per se, the reduced detection more likely reflects
other factors such as the environment, list processes, or subtle
differences in endoscopist mindset or behaviors during insour-
cing lists (e. g. focusing on getting procedures done to com-
plete the list and get home).

Implications

Heightened attention should be paid to monitoring quality in
relation to weekend and insourced working, and indeed for
any other future initiatives to address endoscopy capacity is-
sues, or backlogs. Moreover, the possibility of perverse (albeit
unintended) incentives to cut corners or overpopulate lists
should always be considered in relation to capacity initiatives.

With regard to improving withdrawal time and hyoscine bu-
tylbromide use, reiterating quality targets is unlikely to effect

▶ Table 3 Mixed effects regression analyses of associations between weekend/weekday and insourced1/standard procedures and mean number of
polyps (MNP) per 100 colonoscopies (primary outcome) and polyp detection rate (PDR; secondary outcome).

Univariable Multivariable

Case-mix adjusted2 Fully adjusted3

Patient level

▪ MNP, mean (95%CI) 68.7 (68.0–69.5) 68.1 (67.7–68.5)

▪ PDR, % (95%CI) 34.9 (34.6–35.2) 34.7 (34.5–34.8)

Weekend colonoscopy4

▪ MNP, IRR (95%CI) 0.81 (0.78–0.84)5 0.87 (0.84–0.90)5 0.86 (0.83–0.89)5

▪ PDR, OR (95%CI) 0.81 (0.78–0.85)5 0.86 (0.82–0.90)5 0.86 (0.82–0.90)5

Insourced colonoscopy6

▪ MNP, IRR (95%CI) 0.81 (0.77–0.84)5 0.91 (0.87–0.95)5 0.91 (0.87–0.95)5

▪ PDR, OR (95%CI) 0.76 (0.72–0.80)5 0.90 (0.85–0.95)5 0.90 (0.85–0.95)5

IRR, incidence rate ratio; OR, odds ratio; SE, standard error.
1 Insourced defined as procedures performed by locums or agency endoscopists.
2 Adjusted for age, sex, and indication only.
3 Adjusted for age, sex, indication and, as appropriate, whether or not procedures were undertaken at weekend or were insourced. For MNP, endoscopist level var-
iance (with standard error) was 0.27 (0.01). For PDR, endoscopist level variance was 0.39 (0.02).

4 Versus weekday procedure.
5 P <0.001.
6 Versus standard procedure.
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change; information alone is generally insufficient to change
behavior [32]. Instead, active interventions will be required.
The Quality Improvement in Colonoscopy study found that in-
troducing a low-cost “bundle” of evidence-based measures
into routine colonoscopy practice increased hyoscine butylbro-
mide use and ADR, with the effects sustained over time, parti-
cularly in endoscopists who had poorest performance pre-in-
tervention [33]. Endoscopist feedback results in modest per-
formance improvements [34]. The NED-APRIQOT study is test-
ing an automated, tailored, audit and feedback-based interven-
tion developed using empiric evidence on what influences colo-
noscopy behavior and psychological theories [23, 35]; results
are awaited.

Potential solutions for lower quality in insourced procedures
are less obvious. There is an urgent need to further investigate
what underlies the observed differences. Endoscopist experi-

ence, workload, and working environment (e. g. working in an
unfamiliar team and physical environment) require investiga-
tion, and qualitative research could illuminate attitudinal, psy-
chosocial, or experiential issues that influence behaviors and
detection.

Limitations

NED does not contain histological data so we could not calcu-
late ADR. MNP is strongly associated with ADR [24] while low
PDR has been associated with increased post-colonoscopy colo-
rectal cancer [36]. Moreover, lower detection at weekends and
in insourced colonoscopies was seen for both MNP and PDR.
However, findings may have differed had histology been avail-
able; large-scale studies examining the effects of initiatives to
increase colonoscopy capacity on mean adenomas per patient
and ADR are warranted.

▶ Table 4 Comparison of other markers of colonoscopy quality and workload, and by whether procedures were undertaken at weekends or were
insourced1.

Weekend Insourced

Yes

(N=19 977)

No

(N=72 902)

P value2 Yes

(N=9909)

No

(N=82 970)

P value2

CIR, %3 93.4 93.5 0.53 94.7 93.4 < 0.001

TIR, %3 37.3 38.8 < 0.001 44.6 37.7 < 0.001

Withdrawal time for negative
procedures4, n (%)

< 0.001 0.014

▪ <6 minutes 444 (3.3) 1798 (3.9) 245 (3.7) 1997 (3.8)

▪ 6–9 minutes 8205 (61.4) 21 357 (47.1) 3298 (49.7) 26 264 (50.4)

▪ 10–30 minutes 3732 (28.0) 14 016 (30.9) 1827 (27.5) 15 921 (30.6)

▪ Unknown 972 (7.3) 8203 (18.1) 1264 (19.1) 7911 (15.2)

Bowel preparation, n (%) < 0.001 < 0.001

▪ Excellent 2952 (14.8) 15 705 (21.5) 2180 (22.0) 16 477 (19.9)

▪ Good 9852 (49.3) 35 590 (48.8) 4846 (48.9) 40 596 (48.9)

▪ Fair 5834 (29.2) 17 398 (23.9) 2364 (23.9) 20 868 (25.1)

▪ Inadequate 1030 (5.2) 3092 (4.2) 420 (4.2) 3702 (4.5)

▪ Unknown 309 (1.5) 1117 (1.5) 99 (1.0) 1327 (1.6)

Discomfort score, n (%) < 0.001 0.034

▪ None/minimal/mild 19 299 (96.6) 69 901 (95.9) 9576 (96.6) 79 624 (96.0)

▪ Moderate/severe 512 (2.6) 2603 (3.6) 297 (3.0) 2818 (3.4)

▪ Unknown 166 (0.8) 398 (0.5) 36 (0.4) 528 (0.6)

Hyoscine butylbromide use, n (%) 2903 (14.5) 14 670 (20.1) < 0.001 1989 (20.1) 15 584 (18.8) 0.002

Intravenous sedation use, n (%) 13 703 (68.6) 51 905 (71.2) < 0.001 7416 (74.8) 58 192 (70.1) < 0.001

Procedure points on list, mean (SD)5 10.7 (3.3) 8.2 (3.4) < 0.001 8.8 (3.5) 8.3 (3.8) < 0.001

CIR, cecal intubation rate; TIR, terminal ileum intubation rate.
1 Insourced defined as procedures performed by locums or agency endoscopists.
2 P values are by chi-square test, except for procedure points where P value is by t-test.
3 Denominator excluded four pouch procedures but otherwise was based on the full dataset without exclusions (N=99,996).
4 Based on 58 727 negative procedures (weekend n=13 353; weekdays n=45 374; insourced n=6634; standard n=52 093).
5 Based on all 100 000 procedures.
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Although NED is a nationwide database, not all Trusts were
uploading data during the study period. However, there is no
reason to believe associations between procedure day and
type and detection would vary between the Trusts that were,
and were not, uploading. Observed associations between pro-
cedure day and patient outcomes using routine administrative
data may be an artifact of differences in quality of data record-
ed for weekdays and weekends [20]. NED data are uploaded in
real time by direct feed from the local electronic endoscopy re-
porting system, completed by the endoscopist; this is likely to
be a consistently reliable record of procedural findings. How-
ever, insourcing endoscopists could be less familiar with the lo-
cal endoscopy reporting system, increasing risk of data entry
error. Weekend/weekday procedures were identified based on
procedure date entered into the endoscopy reporting system;
these could be subject to some random error, but differential
misclassification seems unlikely.

Just over 1% of procedures did not have patient sex record-
ed. A priori we decided to group these with females, rather than
introduce bias by dropping them. When we re-ran the analysis
grouping them with males, results were unchanged (not
shown).

Given the large size of the study population, care should be
taken to not assume that statistical significance equates to clin-
ical significance. Some statistically significant differences in the
other quality markers by weekend/weekday and insourced/
standard were modest. However, we would consider the mag-
nitude of differences in detection (> 4% in PDR; > 10 per 100
procedures for MNP) to be clinically meaningful and, given the
association between PDR and post-colonoscopy colorectal can-
cer [36], likely to have implications for patient outcomes.

Our dataset comprised a combination of screening-related
and other procedures. In the UK, screening-related colonosco-
pies have a different case-mix, are highly quality assured, and
result in a higher ADR. We did not stratify by screening because
the numbers of weekend and insourced procedures were rela-
tively small in the screening population. In post hoc analyses,
limited to procedures undertaken within the Bowel Cancer
Screening Programme, effects largely persisted (fully adjusted
model – weekend vs. weekday: MNP, IRR 0.80 [95%CI 0.71–
0.90]; PDR, OR 0.69 [95%CI 0.55–0.86]; insourced vs. standard:
MNP, IRR 0.81 [95%CI 0.72–0.92]; PDR, OR 0.86 [95%CI 0.68–
1.08]). However, these findings are based on only 8828 proce-
dures so should be considered tentative, and further analyses in
larger series are warranted.

Conclusions

This national analysis found evidence of lower quality, as meas-
ured by polyp detection, in both weekend and insourced colo-
noscopies, after case-mix adjustment. The findings demon-
strate the importance of considering the potential unintended
consequences of any initiatives to extend colonoscopy capacity
and of routine monitoring of quality when such initiatives are
implemented. Active interventions to promote good practice,
and research to better understand what underlies unwarranted
variations in quality in weekend and insourced procedures, are
also required.
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