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ABSTRACT

Background & Aims: There is still considerable controversy surrounding the relationship between fatigue of
endoscopists and the quality of colonoscopy. The aim of this study is to comprehensively explore the association
between fatigue and adenoma detection rate (ADR) and cecal intubation rate (CIR).

Methods: The mixed effects logistic regression model was used to explore the relationship between fatigue-
related factors including procedure order, session of procedures and the day of week and ADR as well as CIR.
Results: When controlling for confounders, the day of week (Monday as reference, Friday, p=0.022; weekends,
p=0.015) and session of procedures (P<0.001) were significantly associated with ADR while procedure order
(<5 asreference, 6-10, p<0.001; >10, p=0.001) and session of procedures (p=0.004) were independent predictors
for CIR. Additionally, there was a significant downward trend on ADR and CIR with the approaching of
weekends (p=0.005) and increasing procedure orders (p<0.001), respectively. In the subgroup analysis stratified
by gender, age and workload intensity, significant lower ADR was found in the afternoon in all subgroups
(male, p<0.001; female, p=0.005; <40 years, p<0.001; 240 years, p=0.020; intensity<50 per month, p=0.017;
intensity>50 per month, p<0.001) but the downward trend on ADR as the week progressed was only found in
endoscopists with male gender (p=0.011), age<40 (p=0.027) and high workload intensity (p=0.003). Moreover,
a significant downward trend on CIR as the procedure order increased was found in all subgroups except
endoscopists with age>40 (male, p=0.005; female, p<0.001; <40 years, p<0.001; intensity<50 per month,
p=0.001; intensity>50 per month, p<0.001).

Conclusions: Colonoscopies in the afternoon will affect ADR negatively while increasing procedure order
will cause a lower CIR. Importantly, the significant negative influence of Friday and weekends on ADR was
first discovered in this study. Moreover, endoscopists with female gender and advanced age (240) but not high
workload intensity showed superiority in resistance of fatigue caused by the end of the week and increasing
daily procedures.

Key words: fatigue — screening colonoscopy — colonoscopy quality — adenoma detection rate — cecal intubation
rate.

Abbreviations: ADR: adenoma detection rate; BBPS: Boston bowel preparation scale; CIR: cecal intubation
rate; CRC: colorectal cancer.

INTRODUCTION responsible for 50% to 60% interval cancer [4]. Given that the
practice of colonoscopy is operator-dependent, endoscopists’

Colorectal cancer (CRC)  personal factors are of great concern. Fatigue due to long work

is the third most common  hour and heavy workload is strongly proved to be harmful to
cancer worldwide and ranks the physician’s cognitive functioning and eventually leads to
fourth as a cause of cancer death  increased medical error [5-9]. Thus, it’s easy to hypothesize
[1]. Although colonoscopy is that fatigue accumulated during repetitive and sequential work
deemed to be the gold standard  of endoscopists would affect the performance of colonoscopy.
screening test of CRC [2], about Adenoma detection rate (ADR) and cecal intubation
aquarter of colorectal neoplasms  rate (CIR) are considered as robust quality benchmarks for
are reported to be missed [3]  screening-related colonoscopy [10]. Many studies have used
and undetected lesions are  ADR or CIR to observe the effect of fatigue on colonoscopy
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quality, but they define fatigue in different ways. Early studies
have focused on the influence of timing on ADR but the
results have varied [11-13]. On the other hand, a few articles
have reported the changes of ADR or CIR in pace with the
number or intensity of colonoscopy procedures [14-17], which
seem to be more intuitive indicators to reflect the repetitive
and prolonged nature of fatigue. As a consequence of diverse
observation targets and inconsistent analysis methods shown
in previous research, it has not been conclusively concluded
whether the endoscopists’ workload has reached the point of
fatigue causing decreased ADR or CIR.

The aim of our study was to determine the association
between fatigue and quality of colonoscopy. To study fatigue
more comprehensively, we discussed the influence of session
of procedures, increasing number of procedure order and
the day of the week on ADR or CIR respectively. In addition,
we attempted to figure out whether endoscopists’ personal
characteristics such as gender, age and overall workload would
affect their resistance to fatigue.

METHODS

All colonoscopy data and histological information were
obtained from endoscopic procedure database and pathological
database respectively at Tongji Hospital in Shanghai, China
between 1st January, 2012 and 30th June, 2019. This was a
retrospective study and was approved by the Ethics Committee
of Tongji Hospital (K-W-2020-012). All basic information
and medical records including patient age and gender, the
use of sedation, bowel preparation, endoscopic manifestation
and time of procedures were included in our study. The
endoscopists’ factors such as age and gender were also recorded.

Boston bowel preparation scale (BBPS) was used to evaluate
the bowel preparation quality of each segment of colon (right,
transverse and left colon). A good bowel preparation was defined
as a total BBPS > 6 with a partial BBPS > 2 in each segment.

Among all the endoscopists in our endoscopy center,
5 experienced endoscopists were qualified to arrange
their working time and working hours on performing
screening colonoscopies because they had to spare more
time on therapeutic gastrointestinal endoscopy and other
administrative work. In addition, some of them would have
liked to arrange patients with a high risk to a later order so
as to have more time to inspect. All of these made their work
modes different from those of other endoscopists and might
have had an impact on fatigue of them and lead to bias. Thus,
we excluded these 5 experienced endoscopists and their
colonoscopy data from our study.

Primary outcome measures

The primary outcome measures were ADR and CIR. The
ADR was defined as the percentage of colonoscopies with at
least one adenoma identified. The CIR was defined as defined
as the proportion of procedures reaching and visualizing the
whole cecum or terminal ileum.

Statistical analysis
We sorted the colonoscopies in ascending temporal order
for all endoscopists enrolled and assigned a procedure order

to each case. The procedure order reflected the rank of each
colonoscopy for each endoscopist in a day. The morning and
afternoon session were scheduled from 8 a.m. to 1 p.m. and 1
p.m. to 5 p.m. respectively.

According to previous studies, we considered procedure
order [14-17], session of procedures [11-13] and day of the
week [18] as fatigue-related factors. The student t-test, one-way
ANOVA and chi-square test were used to compare the basic
information, medical records and outcome measures between
subgroups stratified by fatigue-related factors.

A mixed effects logistic regression model was used to
explore the relationship between fatigue and primary outcome
measures when adjusting for other potential confounders.
To accommodate the hierarchical nature of the data, the
endoscopists were used as random intercept terms to
accommodate the clustering effects. The endoscopist factors
including age, gender and workload intensity (number of
procedures per month) and patient factors including age,
gender, bowel preparation and sedation for procedures were
considered as fixed effects and confounders. The workload
intensity of each endoscopist was calculated by dividing
the total number of procedures by the period of continuous
performing colonoscopy. Considering the breaks of performing
colonoscopy due to an endoscopist’s reassignment or other
personal reasons, any periods of 30 days or more when no data
were recorded in the database was subtracted in the period
we calculated.

All reported p values were two-sided with p < 0.05 defined
as statistical significance. All analyses were performed using
R (R foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 34,022 screening colonoscopy data were
obtained from our database and used for further analysis.
The basic information and ADR as well as CIR stratified by
different fatigue-related factors for each endoscopist were
presented in Table S1. There were significant differences
in patient age (p<0.001), patient gender (p=0.002), bowel
preparation (p=0.023), sedation for procedures (p=0.049) and
adenoma detection (p=0.005) between subgroups stratified by
procedure order (Table I). The ADR was significantly lower
in colonoscopies with procedure order 6-10 compared with
colonoscopies with procedure order 1-5 (group 1-5 vs group
6-10, 23.0% vs 21.5%, adjusted p=0.014). However, there was
no significant difference in cecal intubation between subgroups
(p=0.290).

As for subgroups stratified by session of procedures (Table
II), there were significant differences in patient age (p<0.001),
patient gender (p=0.015), sedation for procedures (p<0.001),
cecal intubation (p<0.001) and adenoma detection (p<0.001)
between different subgroups. The higher CIR and lower ADR
were found in colonoscopies in the afternoon compared with
colonoscopies in the morning (morning vs afternoon, CIR,
95.6% vs 96.5%, p<0.001; ADR, 26.2% vs 21.1%, p<0.001).

Fig. 1 illustrated the trend of ADR and CIR hour-by-hour.
CIR declined gradually from 8:00-12:00, recovered after a
lunch break at noon and repeated the downward trend again
from 13:00-17:00 while the same trend did not occur in ADR.
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Table I. Difference on characteristic of patients and colonoscopy quality between
colonoscopies with different daily ranking

Daily procedures p
1-5 6-10 >10
Total 24,200 8,012 1,810
Age, mean (SD) 47.5 (14.7) 449 (14.9) 451 (14.6)  <0.001
Gender, n (%)
Male 12,199 (50.4) 4,163 (52.0) 977 (54.0)
Female 12,001 (49.6) 3,849 (48.0) 833 (46.0) 0.002
Bowel preparation, n (%)
Good 23,162 (95.7) 7,644 (954) 1,753 (96.9)
Not good 1,038 (4.3) 368 (4.6) 57 (3.1) 0.023
Sedation, n (%)
No sedation 2,590 (10.7) 781 (9.7%) 195 (10.8)
Sedation 21,610 (89.3)  7,231(90.3)  1,615(89.2)  0.049
Cecal intubation, n (%) 23,315 (96.3) 7,689 (96.0) 1,739 (96.1) 0.290
Adenoma detection, n (%) 5,571 (23.0) 1,721 (21.5) 382 (21.1) 0.005
Table II. Difference on characteristic of patients and colonoscopy quality 100+ —— ADR
between colonoscopies in the morning and afternoon 95+
. 90 —= CIR
Time of procedures p
- 85-
Morning Afternoon é? 20
Total 9,854 24,168 ‘q—; 75—+
Age, mean (SD) 49.6 (14.6) 45.6 (14.7) <0.001 E 30_' /_/\'.—//
0y
Gender, n (%) 20-
Male 4,920 (49.9) 12,419 (51.4)  0.015 i
Female 4,934 (50.1) 11,749 (48.6)
. G T T T T T T 1 T T T
Bowel preparation, n (%) 8 9 10 11 12 13 14 15 16 17
Good 9,431(95.7)  23,128(95.7) 0.989 Timetable
Not good 423 (4.3) 1,040 (4.3) | n=405 1946 3934 3569 835 5705 8498 6603 2370 157
Sedation (N(%))
No sedati 488 (5.0 3078 (12 0.001 Fig. 1. Trend of adenoma detection rate and cecal intubation rate hour-
0 sedation (5.0) 078 (12.7) <0- by-hour. ADR, adenoma detection rate, CIR, cecal intubation rate.
Sedation 9,366 (95.0) 21,090 (87.3)
Cecal intubation (N(%)) 9,423(95.6)  23,320(96.5)  <0.001 these two fatigue-related factors and ADR when adjusting
Adenoma detection (N(%))  2,580(26.2) 5,094 (21.1)  <0.001 for other factors. The trend analysis showed that there was a

Mixed effects logistic regression analysis of relationship
between fatigue and adenoma detection

The results from mixed effects logistic regression model of
factors associated with adenoma detection are shown in Table
IIL. The workload intensity of endoscopists, patient age, patient
gender, bowel preparation and sedation for procedures were
independent predictors for adenoma detection.

As for fatigue-related factors, session of procedure and the
day of the week but not procedure order were significantly
associated with ADR when adjusting for other confounders.
Among these factors, ADR was significantly lower in
colonoscopies in the afternoon (OR=0.84, 95%ClI: 0.79-0.90,
p<0.001) and colonoscopies on Friday (OR=0.89, 95%CI: 0.81-
0.98, p=0.022) and weekends (OR= 0.78, 95%CI: 0.63-0.95,
p=0.015) compared with colonoscopies on Monday.

Then, we converted the factors, procedure order and day of
the week, into ordinal variables and explored the trend between
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significant downward trend on ADR with the approaching of
weekends (OR=0.97, 95%CI:0.95-0.99, p=0.005).

In the subgroup analysis stratified by gender, age and
workload intensity of endoscopists (Table IV), significant lower
ADR was found in colonoscopies in the afternoon compared
to colonoscopies in the morning in all of these subgroups.
However, the significant downward trend on ADR with the
approaching of weekends obtained from all colonoscopy data
was only found in colonoscopies performed by endoscopists
with male gender (p=0.011), age <40 years old (p=0.027) and
high workload intensity (p=0.003).

Mixed effects logistic regression analysis of relationship
between fatigue and cecal intubation

The results from the mixed effects logistic regression model
of factors associated with cecal intubation were shown in Table
II1. The workload intensity of endoscopists, endoscopist age,
patient age, patient gender and sedation for procedures were
significantly associated with cecal intubation.
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Table III. Mixed effects logistic regression model including procedure order as one of fatigue-related factors

Adenoma detecion Cecal intubation
N (%) OR (95%CI) p N (%) OR (95%CI) p

Endoscopist factor
Daily procedure

1-5 5,571 (23.0) Reference 23,315 (96.3) Reference

6-10 1,721(21.5) 1.01 (0.94-1.08) 0.779 7,689 (96.0) 0.71 (0.61-0.82)  <0.001

>10 382 (21.1) 0.95 (0.83-1.08) 0.414 1,739 (96.1) 0.64 (0.49-0.84)  0.001

Trend* 0.99 (0.94-1.04) 0.702 0.76 (0.68-0.85)  <0.001
Session of procedure

Morning 2,580 (26.2) Reference 9,423 (95.6) Reference

Afternoon 5094 (21.1)  0.84 (0.79-0.90)  <0.001 23,320 (96.5) 122 (1.07-1.40)  0.004
Day of the week

Monday 1,368 (23.2) Reference 5,676 (96.2) Reference

Tuesday 1,675 (22.3) 0.96 (0.88-1.05) 0.431 7,206 (95.9) 1.03 (0.85-1.24)  0.772

Wednesday 1,703 (22.2) 0.92 (0.84-1.01) 0.075 7,409 (96.6) 1.19 (0.98-1.45)  0.074

Thursday 1,496 (22.0)  0.93(0.85-1.02)  0.139 6,548 (96.2)  1.10(0.91-1.33)  0.331

Friday 1,291 (23.7) 0.89 (0.81-0.98) 0.022 5,237 (96.2) 1.07 (0.87-1.31)  0.530

Weekends 141 (20.5) 0.78 (0.63-0.95)  0.015 667 (96.8)  1.20(0.76-1.88)  0.434

Trend* - 0.97 (0.95-0.99) 0.005 - 1.02 (0.98-1.07)  0.311
Adjusted intensity

<50 4,257 (22.0) Reference 18,590 (95.9) Reference

=50 3,417 (23.4) 1.27 (1.00-1.61) 0.046 14,153 (96.8)  1.41(1.11-1.80)  0.005
Gender

Male 3,925 (21.7) Reference 17,462 (96.4) Reference

Female 3,749 (23.6)  0.87(0.71-1.07)  0.191  1,5281(96.1)  0.89 (0.71-1.11)  0.314
Age

<40 6,988 (22.3) Reference 30,083 (96.1) Reference

>40 686 (25.1) 1.23 (1.12-1.34) <0.001 2,660 (97.3) 1.16 (0.98-1.37)  0.090
Patient factor
Age

<30 82(3.9) Reference 2,070 (98.4) Reference

30-49 1,000 (11.7)  3.23(2.56-4.07)  <0.001 8,386 (98.3)  0.86(0.59-1.26)  0.432

50-69 5,116 (26.8) 9.59 (7.67-11.99)  <0.001  18,387(96.3)  0.39(0.27-0.55)  <0.001

>70 1,476 (34.3) 13.46 (10.69- <0.001 3,900 (90.7)  0.15(0.10-0.21)  <0.001

16.96)

Gender

Male 4,659 (26.9) Reference 16,589 (95.7) Reference

Female 3,015(18.1) 0.53 (0.50-0.56) <0.001 16,154 (96.8) 1.43(1.28-1.61)  <0.001
Bowel preparation

Good 7,356 (22.6) Reference 31,336 (96.2) Reference

Not good 318 (21.7) 0.79 (0.69-0.91) 0.001 1,407 (96.2) 1.10 (0.83-1.46)  0.517
Sedation

No sedation 661 (18.5) Reference 3,367 (94.4) Reference

Sedation 7,013 (23.0)  1.33(1.21-146)  <0.001 29,376 (96.5) 1.68(1.43-1.97) <0.001
Random effect SD SD

Endoscopists 0.18 0.17

Trend?, the variable was converted into ordinal variable and included into model.

As for fatigue-related factors, procedure order and  these factors, The CIR was significantly lower in colonoscopies
session of procedures were significantly associated with cecal ~ with procedure order 6-10 (OR=0.71, 95%CI: 0.61-0.82,
intubation when adjusting for other confounders. Among  p<0.001) and procedure order >10 (OR=0.64, 95%CI: 0.50-
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Table IV. Relationship between fatigue-related factors and adenoma detection rate stratified by different endoscopists‘ factors
Male Female < 40 years > 40 years Intensity Intensity
(<50 per month) (=50 per month)
Procedure order
1-5 Reference Reference Reference Reference Reference Reference
6-10 1.07 (0.97-1.17) 0.94 (0.85-1.04) 1.07 (0.98-1.17) 0.90 (0.80-1.01) 1.02 (0.93-1.13) 1.02 (0.92-1.12)
>10 0.98 (0.81-1.18) 0.91 (0.76-1.09) 0.98 (0.84-1.15) 0.87 (0.69-1.10) 1.00 (0.67-1.50) 0.97 (0.84-1.12)

p for trend*
Session of procedure
Morning
Afternoon
p for trend*
Day of week
Monday
Tuesday
Wednesday
Thursday
Friday
Weekends

p for trend*

0.472

Reference
0.82 (0.75-0.90)
<0.001

Reference
1.03 (0.91-1.16)
0.94 (0.83-1.06)
0.94 (0.83-1.05)
0.89 (0.78-1.01)
0.81 (0.62-1.06)

0.011

0.183

Reference
0.87 (0.79-0.96)
0.005

Reference
0.90 (0.79-1.03)
0.89 (0.77-1.03)
0.92 (0.79-1.07)
0.90 (0.77-1.05)
0.74 (0.54-1.01)

0.207

0.439

Reference
0.81 (0.75-0.89)
<0.001

Reference
0.97 (0.87-1.08)
0.91 (0.82-1.02)
0.94 (0.84-1.05)
0.89 (0.79-1.00)
0.82 (0.63-1.05)

0.027

0.066

Reference
0.88 (0.80-0.98)
0.020

Reference
0.96 (0.82-1.13)
0.95 (0.81-1.11)
0.94 (0.81-1.10)
0.93 (0.78-1.10)
0.72 (0.51-1.02)

0.180

0.708

Reference
0.91 (0.83-0.98)
0.017

Reference
0.98 (0.87-1.12)
0.99 (0.87-1.12)
0.97 (0.85-1.10)
0.93 (0.81-1.06)
0.93 (0.69-1.24)

0.251

0.834

Reference
0.74 (0.67-0.82)
<0.001

Reference
0.96 (0.85-1.09)
0.84 (0.73-0.96)
0.91 (0.80-1.03)
0.87 (0.76-1.00)
0.64 (0.48-0.85)

0.003

Analyses were adjusted for fatigue, endoscopist and patient related factor when they were not the strata variables. Trend*, the variable was converted into
ordinal variable and included into model.

0.85, p=0.001) compared with colonoscopies with procedure
order 1-5 and significantly higher in colonoscopies in the
afternoon (OR=1.22, 95%CI: 1.07-1.40, p=0.004) compared
with colonoscopies in the morning. The trend analysis showed
that there was a significant downward trend on CIR with the
increasing procedure order (OR=0.76, 95%CI: 0.68-0.85,
p<0.001).

In subgroup analysis (Table V), the significant downward
trend obtained from all colonoscopy data was also found in
all subgroups except colonoscopies performed by endoscopists
with age >40 years old. In addition, significant higher CIR in
the afternoon was only found in colonoscopies performed by
endoscopists with male gender (p=0.004), age <40 years old
(p<0.001) and high workload intensity (p=0.001).

Table V. Relationship between fatigue-related factors and cecal intubation rate stratified by different endoscopists® factors

Male Female < 40 years > 40 years Intensity (<50 per ~ Intensity (=50 per
month) month)
Procedure order
1-5 Reference Reference Reference Reference Reference Reference

6-10 0.77 (0.63-0.94) 0.64 (0.52-0.79) 0.62 (0.52-0.74) 0.89 (0.69-1.14) 0.74 (0.61-0.89) 0.62 (0.49-0.79)
>10 0.71 (0.48-1.04) 0.57 (0.39-0.83) 0.60 (0.43-0.82) 0.68 (0.41-1.14) 0.60 (0.30-1.19) 0.56 (0.41-0.77)
p for trend 0.005 <0.001 <0.001 0.133 0.001 <0.001
Session of procedure
Morning Reference Reference Reference Reference Reference Reference
Afternoon 1.34 (1.10-1.62) 1.17 (0.96-1.43) 1.47 (1.22-1.77) 0.94 (0.75-1.17) 1.08 (0.92-1.28) 1.55(1.21-1.99)
p for trend 0.004 0.124 <0.001 0.572 0.344 0.001
Day of week
Monday Reference Reference Reference Reference Reference Reference
Tuesday 1.05 (0.81-1.37) 0.97 (0.74-1.28) 1.01 (0.81-1.28) 0.99 (0.71-1.40) 1.07 (0.83-1.37) 0.99 (0.74-1.32)
Wednesday 1.20 (0.93-1.54) 1.26 (0.93-1.71) 1.15(0.91-1.47) 1.46 (1.03-2.07) 1.19 (0.93-1.54) 1.23 (0.89-1.69)
Thursday 1.26 (0.98-1.62) 0.92 (0.69-1.24) 1.05 (0.83-1.34) 1.16 (0.82-1.63) 1.15 (0.89-1.49) 1.08 (0.80-1.45)
Friday 0.98 (0.75-1.27) 1.22 (0.89-1.67) 0.94 (0.74-1.21) 1.31 (0.90-1.90) 0.97 (0.75-1.27) 1.23 (0.89-1.70)
Weekends 132 (0.72-2.43) 1.1 (0.56-2.16) 1.01 (0.60-1.70) 1.81 (0.72-4.58) 1.00 (0.56-1.80) 1.51 (0.75-3.07)
p for trend 0.429 0.433 0.805 0.049 0.93 0.107

Analyses were adjusted for fatigue, endoscopist and patient related factor when they were not the strata variables. Trend*, the variable was converted into
ordinal variable and included into model.

] Gastrointestin Liver Dis, September 2021 Vol. 30 No. 3: 358-365



Fatigue on colonoscopy quality

363

DISCUSSION

The workload of physicians has been a topic of debate for
many years [7]. With the growing demand for colonoscopy in
China, the endoscopist fatigue due to a high-intensity workload
should be taken seriously [19]. In our research, a total of 34,022
colonoscopies performed by 21 endoscopists were included to
explore whether the time or day when the colonoscopies were
performed and whether the number of colonoscopy procedures
would affect ADR and CIR.

The procedure order, also known as case rank or queue
position, has been widely reported in the field of endoscopist
fatigue in recent years. Most studies showed an absence of a
major influence of case rank on ADR [14, 16, 17] , which is
consistent with our findings. However, we found a significant
decrease in CIR as the procedure order rose in the multivariate
regression analysis, indicating that an endoscopist’ s fatigue
started to exist when performing 6 or more procedures per day.

The literature has explored the change of the colonoscopy
quality with the timing of the operation [11-13, 20]. Our
results confirmed that the afternoon could cause a lower
ADR compared to morning but had no significant influence
on CIR. Some previous studies have shown an hour-by-hour
progressive effect on the ADR decline [12, 21], while a recent
study in China demonstrated an inclined hourly trend in ADR
[11]. To test these conclusions, we tried to draw the trend lines
of ADR and CIR according to accurate timetable. Surprisingly,
we found CIR declined gradually until 12 a.m., recovered at the
beginning of afternoon, and then fell gradually to the lowest
point again. Chances were high that an adequate lunch break
could relieve fatigue and improve the quality of endoscopy by a
lot. However, the expected downward trend did not show up in
terms of ADR. One of the possible reasons for this reverse result
is that our endoscopy center usually scheduled colonoscopies
between 10:00-15:00 so that small samples examined before or
after the regular time period distorted the result.

The day of the week is also a measure of fatigue worth being
discussed. As far as we know, only one study conducted in a
single endoscopy unit in Florida concentrated on the difference
in ADR among the working days of the week [18]. Contrary to
our conclusion, they found no statistically significant variation
of ADR from Monday to Friday. However, they did not take
endoscopist factors into consideration and the sample size was
much smaller than ours with only 3,085 patients, which may
account for the difference. In mixed effects regression models
in our research, ADR dropped significantly on Fridays and
weekends compared to Monday, and the progressive decline
trend of ADR was obvious. A similar phenomenon was shown
in the cytotechnologists that the abnormal detection rates and
screening speed would decreased in the later days of a week
[22]. The well-known ‘weekend effect’ demonstrated that an
admission to a hospital at weekends would show a higher
mortality than others probably because of the poor medical
care partly caused by the fatigue of medical staft [23, 24]. Our
study observed endoscopists’ performance in weekends for
the first time and found ADR in weekends dropped obviously
compared to workdays, which was consistent with the ‘weekend
effect. As our results suggested, endoscopists should not be
encouraged to operate at the end of the week.

In order to investigate whether there were differences in
tolerance of fatigue-related factors among endoscopists with
different characteristics, we performed a logistic regression
analysis using sex, age and workload intensity as bases for
grouping. One of the most interesting findings was that male
gender was more likely to explore progressive fatigue over the
course of the week while females might be able to conquer
this kind of fatigue. When grouped by the endoscopists’ age,
we found that endoscopists below 40 years old demonstrated
a declined tendency of ADR and CIR respectively as the week
progressed and as the daily procedures increased. Relatively,
older doctors could perform stably in each day of a week, and
they were qualified enough to examine over 10 cases in a single
working day without obvious carelessness. Moreover, although
the overall ADR and CIR of the endoscopists conducting over
50 colonoscopies per month was much better than others, only
the endoscopists with a higher intensity showed a statistically
significant ADR decline in later days of the week, which could
reflect the negative effects of high workload to some extent.
Adjusting the distribution of the daily workload by age and
reducing the monthly procedures to a moderate number might
be methods worth recommending. Another important fact is
that all of the subgroups showed the afternoon led to a great
decline in ADR, indicating that a prolonged and undisturbed
lunch break or using 2 observers in the afternoon could be
beneficial to all types of endoscopists.

In addition, we demonstrated a few other factors
associated with ADR and CIR. Endoscopist’s age, usually
proportional to experience, was also shown to have a
statistical impact on the colonoscopy quality. In terms of
patient-related factors, advanced age, male gender, poor
bowel preparation and operating without sedation could lead
to a decline of ADR and CIR, as is demonstrated in many
previous articles [25-27].

Our study still has a few limitations. Our study was
retrospective research, which resulted in a lack of more
convincing original data such as questionnaires or rating
scales to assess physical and mental fatigue of endoscopists.
Furthermore, we excluded senior endoscopists of our
endoscopy center due to their unique working habits, which
made our results limited to primary and intermediate
endoscopists. Whether those senior doctors would be able to
resist fatigue shown in our study remains to be seen.

To our knowledge, this is the first manuscript regarding
the effect of weekends on screening colonoscopy.

CONCLUSIONS

This is a comprehensive study which has discussed whether
fatigue would impact colonoscopy quality as assessed by ADR
and CIR. Three surrogate markers of fatigue have been studied
respectively in our research and the results we got were diverse.
Colonoscopies performed in the afternoon will affect ADR
negatively while the increasing procedure order will probably
cause a significant lower CIR. The influence of an accurate
timetable or adjusted intensity on colonoscopy quality still
remains to be seen. A significant downward trend of ADR as
the week progressed was shown in this research. In addition, we
figured out that endoscopists with female gender and advanced
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age (240) could show decided superiority in resistance of
fatigue caused by the end of the week and the increasing daily
procedures while those with high intensity (>50 per month)
could not maintain their good ADRs as a week progressed.
Our study could be a basis for the working arrangement of
endoscopy center in order to reduce fatigue-related mistakes
and control the quality of colonoscopies.
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