
Introduction
Colon capsule endoscopy (CCE) is an alternative diagnostic
modality for detecting colorectal adenomas and cancers. The
first generation of PillCam COLON showed suboptimal sensitiv-
ity in detecting colorectal polyps [1]. To address this issue, a
second-generation PillCam COLON was released in 2012. The
United Kingdom has recently evaluated CCE for application in
routine clinical practice and the procedure has been adopted
by the local health boards [2, 3]. While CCE is primarily used to

detect colorectal neoplasia, other findings are also recorded
during the procedure. These non-neoplastic findings (NNFs),
such as non-specific inflammation, angiodysplasia, and diverti-
cula, are often seen during CCE investigations. Such findings
are also common during optical colonoscopy (OC). Although
NNFs may have limited clinical significance compared with neo-
plastic findings, they represent a diverse group of conditions
that may explain gastrointestinal symptoms. Furthermore,
NNFs may result in occult bleeding that potentially leads to a
false-positive fecal immunochemical (FIT) test.

Non-neoplastic findings in colon capsule endoscopy:
Additional yield

Authors

Sebastian Radic Eskemose1, 2 , Lasse Kaalby1,2, Ulrik Deding1,2 , Anastasios Koulaouzidis1, 2, Thomas Bjørsum-

Meyer1, 2

Institutions

1 Department of Clinical Research, University of Southern

Denmark, Odense, Denmark

2 Research Unit of Surgery, Odense University Hospital,

Svendborg, Denmark

Key words

Endoscopy Lower GI Tract, Polyps / adenomas / ..., CRC

screening, Diagnosis and imaging (inc chromoendoscopy,

NBI, iSCAN, FICE, CLE...), Lower GI bleeding

received 30.4.2024

accepted after revision 9.9.2024

Bibliography

Endosc Int Open 2024; 12: E1295–E1302

DOI 10.1055/a-2438-7223

ISSN 2364-3722

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the Creative

Commons Attribution-NonDerivative-NonCommercial License, permitting copying

and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or

built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Corresponding author

BSc.med. Sebastian Radic Eskemose, University of Southern

Denmark, Department of Clinical Research, Odense, Denmark

sebastian.radic.eskemose@rsyd.dk

ABSTRACT

Background and study aims Despite the common occur-

rence of non-neoplastic findings (NNFs) in individuals with a

positive fecal immunochemical test (FIT), few studies have

reported on these findings. The aim of this cross-sectional

study was to determine the prevalence of colonic NNFs in

three cohorts of Danish clinical trial participants who un-

derwent colon capsule endoscopy (CCE).

Patients and methods Retrospectively collecting NNFs

from CCE reports of three Danish trials, we classified them

into five categories: diverticula, vascular abnormalities, in-

flammation, erosions/ulcerations, and others. The statisti-

cal analysis included 516 participants from three trials,

with a mean age ranging from 59.2 to 63.9 years. The parti-

cipants in the three trials were FIT-positive screening or

symptomatic individuals.

Results NNFs were reported in more than half of the CCE

procedures (50.6% to 77.9%), with colonic diverticula being

the most common NNF appearing in 40.9% to 66.9% of the

CCE reports. Vascular abnormalities and erosions/ulcera-

tions were also common depending on the specific trial.

Conclusions NNFs are common and may be an indicator of

more widespread disease. Furthermore, NNFs may develop

into clinically significant conditions despite their benign ap-

pearance. This paper expands on the limited literature

about prevalence of NNFs and underscores the additional

value of CCE video recordings beyond detecting polyps.
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Vuik et al. reported that colonic abnormalities during CCE
appear to be very common in a mostly asymptomatic Western
population, with most of the findings lacking clinical relevance
and requiring no treatment or observation [3]. Diverticula were
reported as the most common colonic NNF, with a prevalence
of 71.4%. Similarly, a significant proportion of English Bowel
Cancer Screening Programme participants with a positive FIT
had at least one NNF in the colon or rectum. However, this pop-
ulation was investigated by OC [5]. Medical or surgical treat-
ment of incidental NNFs in asymptomatic individuals is usually
not advocated, but the lesions have the potential to develop
into complicated conditions. However, the apparent lack of
clinical significance of incidental NNFs has led to a lesser inter-
est in thorough research of these seemingly benign lesions. Evi-
dently unrelated conditions may influence the prevalence of
NNFs, which is why these lesions may be of great interest de-
spite their current lack of clinical significance.

Few studies about colorectal NNFs are available in general,
and most available material is based on OC results, where
NNFs often are reported as secondary findings. Furthermore,
the NNF detection rate for CCE may differ from OC because
CCE investigations produce images of a non-distended colon.
Little is known about the prevalence of NNFs, and even less
about NNFs identified by CCE. Currently, diverticula are the
best studied NNF, but it is far from the only type of NNF, despite
diverticula being the most prevalent. Moreover, most contem-
porary research reporting the prevalence of NNFs usually only
pertains to a few types of NNFs and does not provide a com-
plete overview. Therefore, this cross-sectional paper aimed to
investigate prevalence of NNFs in CCE by reviewing CCE reports
about 524 patients from a series of three Danish trials, captur-
ing all the NNFs reported [6, 7, 8].

Patients and methods
Setting

This retrospective, cross-sectional, descriptive study used all
CCE reports from three Danish trials conducted at Odense Uni-
versity Hospital (OUH), Denmark, from 2014 to 2018 [6, 7, 8].
The CCE reports contained information regarding neoplastic
findings, NNFs, procedure dates, Leighton-Rex bowel prepara-
tion score, investigation completeness, colon transit time
(CTT), and patient date of birth and sex. All reported polyps
were extracted and sorted into two groups depending on polyp
largest diameter: < 6mm and ≥ 6mm.

The original CCE reports were accessible through the local
GAIA database and thoroughly scrutinized for relevant informa-
tion. All relevant data were extracted regardless of the techni-
cal quality of CCE video evaluation. All NNFs to the end of the
investigations were extracted in reports with incomplete transit
or technical failure. To ensure all data were collected and docu-
mented correctly after data extraction, the data were validated
by retroactively cross-checking the entered data with the

respective CCE report. All NNFs in the CCE reports were classi-
fied into five categories:
▪ Diverticula
▪ Vascular abnormalities
▪ Inflammation (e. g., erythema, edema)
▪ Erosions/ulcerations
▪ Other (e. g. bleeding without an obvious source, hemor-

rhoids)

The manuscript was prepared in accordance with the STROBE
initiative [9]. Throughout this paper, “trials” will be used when
referring to the three included Danish trials, whereas “studies”
will be used when referring to any external research. The study
participants gave informed and written consent to participate
in the individual prospective Danish trial following local legisla-
tion of the Danish National Center of Ethics.

Participants

This study included all participants from the three Danish trials
and their respective CCE reports, irrespective of their demo-
graphic or clinical circumstances. CCE video reading and re-
ports about all three trials were made by CCE evaluators of an
external contractor (CorporateHealth International GmbH,
Hamburg, Germany). The three trials differed in inclusion crite-
ria, indication, and some exclusion criteria. Kobaek-Larsen et al.
(Trial 1) included FIT-positive screening participants enrolled in
the first round of the Danish National Colorectal Screening Pro-
gramme in 2014, who were aged 50 to 74 years [6]. All partici-
pants of the trial underwent CCE one day before the OC. Those
who exhibited symptoms of bowel obstruction were excluded
from the trial. Deding et al. (Trial 2) included all adult patients
from May 2016 to December 2018 who had an incomplete OC
and were scheduled for a computed tomography colonography
[7]. Patients in this trial were excluded if they had a history of
surgically constructed stoma, diabetes, or symptoms sugges-
tive of bowel obstruction. Kroijer et al. (Trial 3) included pa-
tients from February 2017 to November 2017, who were aged
18 to 70 years and eligible for post-OC follow-up due to neo-
plastic findings or family history of colorectal cancer (CRC) [8].
Exclusion criteria for this trial included pregnancy, breastfeed-
ing, and allergy to active substances administered. In all three
trials, exclusion criteria were previous bowel surgery (except
appendectomy), renal insufficiency/severe kidney disease, car-
diac pacemaker, and inflammatory bowel disease (IBD).

All three trials used magnesium-oxide and MoviPrep (Nor-
gine Denmark A/S, Valby, Denmark) for pre-procedure bowel
preparation, but different booster regimens. Furthermore, in
all trials the patients were prescribed bisacodyl. Kobaek-Larsen
et al. used Eziclen (Ipsen Pharma, Paris, France) as boosters,
while Deding et al. used MoviPrep. Kroijer et al. used three dif-
ferent booster regimens: MoviPrep, Eziclen, and a combination
of MoviPrep and Gastrografin. Further details of the three trials
and their respective study population characteristics are pub-
lished elsewhere [6, 7, 8].
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Variables

The primary outcome of this paper was the occurrence of NNFs
as a binary category (present, non-present). The NNFs were
composed of possible types: diverticula (diverticulum, diverti-
culosis, and diverticulitis), vascular abnormalities (angiodyspla-
sia, venectasia/phlebectasia, and venous lakes), inflammation,
erosions/ulcerations, and other (bleeding without an obvious
source, hemorrhoids, fissures, enlarged anal papillae). When
no NNFs were reported, the category “none” was used. Addi-
tional study population characteristics included age (< 50, 50–
59, 60–69, and ≥ 70 years), sex (female, male), polyps < 6mm
(present, non-present), polyps ≥ 6mm (present, non-present),
complete transit (no, yes), Leighton-Rex score (poor, fair,
≥ good), and CTT in minutes. This paper had no secondary
outcomes.

Statistical analysis

Descriptive statistics were used to describe the main outcome
(occurrence of NNFs), stratified by age group and trial. Study
population characteristics (age, sex, polyp detection, and CCE
performance outcomes) were further described, stratified by
trial. The results were stratified by trial due to significant differ-
ences in trial indication and study population. All included data
were categorical except age, which was numeric but was con-
verted into categorical data. Participant age was calculated as
the difference between their date of birth and the respective
procedure date. Complete transit and bowel preparation were
combined into the “complete CCE investigation” variable, de-
fined as complete transit and ≥ fair on the Leighton-Rex scale.
Median and mean CTT were calculated for individuals with a
complete CCE transit. Age outliers were checked for all three
trials. Statistical analysis of NNFs was stratified by age group.A
subgroup analysis for individuals with a complete CCE investi-
gation was performed using the same method as the main anal-
ysis. All statistical analyses were performed with StataCorp’s
Stata/BE ver. 17.0 [10].

Results
Study population

A total of 524 CCE reports were initially included in this study. A
single participant from Trial 1 was excluded from the statistical
analysis due to data registration errors. Seven additional parti-
cipants were excluded because of missing CCE reports. Four in-
dividuals with obvious wrong procedure dates (e. g., 22–10–
1947) in the CCE report were manually reviewed through the
Danish eHealth Portal (sundhed.dk), corrected, and included
in the statistical analysis. A total of 516 reports were included
for statistical analysis. The flow of this paper is presented in

▶Fig. 1.
Across all three trials, the youngest participant was 32.6

years, while the oldest was 83.3 years. The three trial study po-
pulations had a comparable mean age of 63.9 years (standard
deviation [SD] 7.5), 62.1 (SD 10.5), and 59.2 (SD 9.5) in Trials
1 to 3, respectively. Trials 2 and 3 included participants below
50 years of age, which is reflected in the larger SD and the dif-

ference in proportions of the age group, as seen in ▶Table 1.
Polyps were common in all three trials, with 71.7%, 67.0%, and
64.0% of the participants having at least one polyp, respective-
ly. All three trials had similar CTTs ranging from 222.3 to 226.7
minutes.

Prevalence of non-neoplastic findings

The proportions of individuals with NNFs are described in

▶Table 2. The most common NNF across the three trials was di-
verticula. Overall, at least one NNF was observed in 50.6%,
75.3%, and 77.9% of the participants in Trials 1 to 3, respective-
ly. The overall mean number of NNFs was 0.65 (SD 0.73), 1.13
(SD 0.92), and 1.12 (SD 0.80), respectively. An overall total of
159, 105, and 193 NNFs were noted in the three trials, respec-
tively. Reducing the sample to patients with complete CCE in-
vestigations increased the NNF proportions in all three trials
(Supplementary Table1).

Discussion
This paper demonstrates a varying prevalence for the prede-
fined NNFs across a series of three Danish trials. Diverticula
was found to be the most common NNF among the partici-
pants, with a prevalence of 40.9%, 62.9%, and 66.9% in the
three trials. The second most common NNF was vascular ab-
normalities and erosions/ulcerations, which were found to be
tied in the second trial. In contrast, vascular abnormalities
were more common in the first trial and erosions/ulcerations

Kobaek-Larsen 
et al., 2018
(Trial 1):

Year of inclusion:
2014 

Indication: 
FIT-positive 
colorectal screening

Deding et al., 2020
(Trial 2):

Year of inclusion:
2016–2018 

Indication: 
Incomplete optical 
colonoscopy

524 CCE reports included 
in total:
▪Trial 1: 252
▪Trial 2: 98
▪Trial 3: 174               

516 CCE reports included 
for statistical analysis:
▪Trial 1: 247
▪Trial 2: 97
▪Trial 3: 172               

Kroijer et al., 2018
(Trial 3):

Year of inclusion:
2017

Indication: 
Follow-up from 
optical colonoscopy

8 CCE reports
excluded

▶ Fig. 1 Flow diagram summarizing the included Danish trials and
the total amount of colon capsule endoscopy (CCE) reports includ-
ed.
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in the third. The average number of NNFs per participant
ranged from 0.65 (SD 0.73) to 1.13 (SD 0.92) across all three
trials, whereas 50.6% to 77.9% of the participants had at least
one NNF.

Almost no studies exist that exclusively observe NNFs by
CCE, and it was difficult to find an equal comparison. The most
comparable study, which uses CCE to observe abnormal find-
ings in the colon, is the study by Vuik et al. The study observed
abnormal findings in 93.3% of the included population. How-
ever, the study also defined CRCs and polyps as abnormal
findings, although the most dominant finding was diverticula
in 71.4% of the patients [3]. Alternatively, studies using OC re-
port a NNF prevalence of 21.6% to 39.8% [5, 11, 12, 13]. How-
ever, OC findings are not directly comparable to findings
observed by CCE due to performance differences between the
modalities (e. g. lumen inflation, angle of view, image resolu-
tion). When comparing CCE with OC for detecting NNFs, one
study shows that CCE has good overall performance in detect-
ing NNFs [14]. The same study showed suboptimal perform-
ance for IBD, although this contradicts the results of two other
studies [15, 16].

Diverticula

In comparing the results of this study with similar studies, it is
observed that the overall prevalence of diverticula is signifi-
cantly lower, ranging from 40.9% to 66.9% than the 82.7% and
79.3% reported by another study among female and male
participants, respectively, whose mean age was 67.4 years (SD
4.9) [3]. A study conducted on an American population with a
mean age of 54 years (SD 7.0) reported a diverticular preval-
ence of 42%, which is more comparable to the first trial of the
series included herein [17]. Last, another study conducted on
a Western asymptomatic population older than age 60 years re-
ported a diverticular prevalence of 34.9% [18]. It is important
to note that the age of the study population plays a significant
role in prevalence of diverticula, making it difficult to compare
studies because the incidence of diverticula is associated with
increasing age [19]. In contrast, our study found a higher prev-
alence of diverticula in the trial that had the cohort with the
lowest mean age.

▶Table 1 Descriptive characteristics of three Danish trials conducted from 2014 to 2018 including FIT-positive screening or symptomatic study po-
pulations.

Trial 1 Trial 2 Trial 3

Participants N 247 97 172

Age, years < 50 0 (0.0) 15 (15.5) 31 (18.0)

50–59 71 (28.7) 26 (26.8) 45 (26.2)

60–69 115 (46.6) 28 (28.9) 87 (50.6)

≥ 70 61 (24.7) 28 (28.9) 9 (5.2)

Mean 63.9 (7.5) 62.1 (10.5) 59.2 (9.5)

Sex Female 97 (39.3) 72 (74.2) 82 (47.7)

Male 150 (60.7) 25 (22.7) 90 (52.3)

Polyp < 6 mm 97 (39.3) 49 (50.5) 84 (48.8)

≥ 6 mm 146 (59.1) 41 (42.3) 79 (45.9)

Any 177 (71.7) 65 (67.0) 110 (64.0)

Complete transit No 104 (42.1) 31 (32.0) 53 (30.8)

Yes 143 (57.9) 66 (68.0) 119 (69.2)

Leighton-Rex score Poor 108 (46.4) 23 (24.5) 64 (37.9)

Fair 92 (39.5) 37 (39.4) 78 (46.2)

≥ Good 33 (14.2) 34 (36.2) 27 (16.0)

Colon transit time, minutes Mean 225.9 (127.8) 222.3 (100.7) 226.7 (138.5)

Median 217 (15–495) 209 (39–416) 237 (14–541)

Complete CCE No 162 (65.6) 48 (49.5) 94 (54.7)

Yes 85 (34.4) 49 (50.5) 78 (45.4)

All patients were investigated with colon capsule endoscopy. Variables are presented as frequencies (% of total), mean (SD), and median (IQR) unless otherwise sta-
ted.
CCE, colon capsule endoscopy; FIT, fecal immunochemical test; IQR, interquartile range; SD, standard deviation.
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Vascular abnormalities

There have been different reports about prevalence of vascular
abnormalities in the colon. Two studies that included an asymp-
tomatic population reported prevalence ranging from 0.83% to
7.8%/12.0% for females and males, respectively [3, 20]. Mean-
while, three other studies that included symptomatic patients
reported a prevalence ranging from 5% to 26.7% [21, 22, 23].

Our study observed a prevalence of 11.7% to 18.6%. It is impor-
tant to note that variations in findings across studies could be
due to differences in population ages, nomenclature, and defi-
nition. For instance, formation of vascular abnormalities in the
colon may be linked to increasing age [21]. Also, differences in
definitions of vascular abnormalities may affect reported prev-
alence [24]. For example, Vuik et al. described it as aberrant
blood vessels, whereas Boley et al. defined it as mucosal ecta-

▶Table 2 Prevalence of non-neoplastic findings (NNFs) in three Danish
trials conducted from 2014 to 2018 including either FIT-positive
screening or symptomatic study populations.

Trial 1 Trial 2 Trial 3

Partici-

pants

N 247 97 172

NNFs None

< 50 – 6 (40.0) 8 (25.8)

50–59 40 (56.3) 5 (19.2) 9 (20.0)

60–69 57 (49.6) 6 (21.4) 18 (20.7)

≥ 70 25 (41.0) 7 (25.0) 3 (33.3)

Overall 122 (49.4) 24 (24.7) 38 (22.1)

Diverticula

< 50 – 6 (40.0) 22 (71.0)

50–59 24 (33.8) 18 (69.2) 32 (71.1)

60–69 49 (42.6) 22 (78.6) 56 (64.4)

≥ 70 28 (45.9) 15 (53.6) 5 (55.6)

Overall 101 (40.9) 61 (62.9) 115 (66.9)

Vascular abnormalities

< 50 – 3 (20.0) 1 (3.2)

50–59 6 (8.5) 5 (19.2) 7 (15.6)

60–69 10 (8.7) 3 (10.7) 15 (17.2)

≥ 70 13 (21.3) 7 (25.0) 1 (11.1)

Overall 29 (11.7) 18 (18.6) 24 (14.0)

Erosions/ulcerations

< 50 – 1 (6.7) 7 (22.6)

50–59 4 (5.6) 10 (38.5) 9 (20.0)

60–69 3 (2.6) 5 (17.9) 22 (25.3)

≥ 70 0 (0.0) 2 (7.1) 0 (0.0)

Overall 7 (2.8) 18 (18.6) 38 (22.1)

Inflammation

< 50 – 0 (0.0) 1 (3.2)

50–59 1 (1.4) 0 (0.0) 1 (2.2)

60–69 4 (3.5) 1 (3.6) 4 (4.6)

≥ 70 0 (0.0) 1 (3.6) 0 (0.0)

Overall 5 (2.0) 2 (2.0) 6 (3.5)

▶Table 2 (Continuation)

Trial 1 Trial 2 Trial 3

Partici-

pants

N 247 97 172

Other

< 50 – 4 (26.7) 1 (3.2)

50–59 2 (2.8) 2 (7.7) 3 (6.7)

60–69 8 (7.0) 2 (7.1) 4 (4.6)

≥ 70 8 (13.1) 3 (10.7) 2 (22.2)

Overall 18 (7.3) 11 (11.3) 10 (5.8)

Total NNFs

< 50 – 14 32

50 – 59 37 35 52

60 – 69 74 33 101

≥ 70 49 28 8

Overall 160 110 193

Mean NNFs

< 50 – 0.93
(0.96)

1.03
(0.84)

50–59 0.52
(0.65)

1.35
(0.89)

1.16
(0.77)

60–69 0.64
(0.73)

1.18
(0.98)

1.16
(0.82)

≥ 70 0.80
(0.81)

1.00
(0.86)

0.89
(0.78)

Overall 0.65
(0.73)

1.13
(0.92)

1.12
(0.80)

Any NNFs

< 50 – 9 (60.0) 23 (74.2)

50–59 31 (43.7) 21 (80.8) 36 (80.0)

60–69 58 (50.4) 22 (78.6) 69 (79.3)

≥ 70 36 (59.0) 21 (75.0) 6 (66.7)

Overall 125 (50.6) 73 (75.3) 134 (77.9)

NNFs are stratified by age groups. All patients were investigated with colon
capsule endoscopy. Age-stratified variables are presented as frequencies (%
of stratum) and mean (SD) of the respective age group.Overall variables are
presented as frequencies (% of total) and mean (SD) of the respective age
group of the total population (N).
FIT, fecal immunochemical test; NNF, non-neoplastic finding.
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sia. In addition, variation in the investigation indication could
also account for differences in reported prevalence. For in-
stance, Wilcox et al. included patients with acute lower gastro-
intestinal bleeding, whereas Boley et al. studied post-CRC
resection patients with no bleeding history. Therefore, compar-
ing the current literature investigating vascular abnormalities
with the three trials is not ideal.

Inflammation and erosions/ulcerations

A study conducted on a Western asymptomatic population
reported that the prevalence of erosions was 17.7% for females
and 15.9% for males, whereas inflammation was 0.0% for fe-
males and 2.4% for males [3]. Another study reported that
prevalence of colonic ulcers was 10% [23]. These findings are
similar to results from our study, which found a prevalence of
2.8% to 22.1% for erosions/ulcerations and 2.0% to 3.5% for in-
flammation. However, there was a discrepancy in prevalence of
erosion/ulcerations across the three Danish trials, possibly due
to differences in classification or technical difficulties. A review
investigating usability of CCE in monitoring IBD concluded that
CCE has good potential for observing the extent and severity of
erosive and ulcerative colitis [25]. Therefore, the discrepancy
due to lack of performance is unlikely but cannot be ruled out.
Although re-reading the CCE video footage would have been
ideal, it was not feasible because of time constraints and con-
cerns about introducing bias.

Bowel preparation and completion rate

The three Danish trials found that adequate bowel preparation
(defined as ≥ fair on the Leighton-Rex scale) was achieved in
53.7%, 75.6%, and 62.2% of participants, respectively. These re-
sults are somewhat similar to the 76.8% adequate bowel prep-
aration (defined as ≥ good on the Leighton-Rex scale) from a re-
cent meta-analysis [26]. Although the Leighton-Rex scale was
used in the meta-analysis and the three Danish trials, the defini-
tion of adequate bowel preparation differed from the usual de-
finition in the three trials. The three trials used relatively old CCE
reports, which were often evaluated as simply “adequate bowel
preparation” instead of a specific score from the scale. This
made it difficult to determine if preparation was adequate
based on technical quality or subjective cleanliness rather than
an objective scale. Nevertheless, bowel preparation in the three
trials was in accordance with guidelines from the European So-
ciety of Gastrointestinal Endoscopy, which recommends cleans-
ing with a total of four liters of polyethylene glycol (PEG) solu-
tion in combination with boosters based on sodium phosphate
[27]. The CCE completion rates (CRs) in the three trials were
34.4%, 50.5% and 45.5%, respectively. This is much lower than
the overall CR of 79.8%, as concluded in the meta-analysis [26].

The relatively big proportion of inadequate bowel prepara-
tion and lower CCE CR potentially introduces an underreporting
of NNFs. Polyp detection rates (PDRs) of 71.7%, 67.0%, and
64.0% in the three Danish trials, respectively, suggest an over-
estimation of colonic findings when comparing the PDR in OC
of 27% to 55%, depending on OC indication and study popula-
tion [28, 29, 30]. However, a systematic review reported the
PDR of CCE as 24% to 75% in an average-risk population [31].

Also, CCE has been reported to have a higher PDR than OC [6].
Therefore, the high PDR of CCE, as observed in the three Danish
trials, has previously been reported despite the three trials hav-
ing relatively low adequate bowel preparation and low CCE CR.
This further suggests that the observed prevalence of NNFs
could be accurate despite the observed bowel preparation and
CCE CR. However, it is worth noting that PDR is not directly
comparable to detecting NNFs.

Limitations

The main limitation of this paper is that the data were obtained
from various studies with different settings and inclusion crite-
ria, making it difficult to pool the results and limiting generaliz-
ability of the findings. The three Danish trials were biased
toward screening and symptomatic populations. Furthermore,
the comparability with OC is limited to a small subgroup of
patients, which limits the reliability of the reported NNF preva-
lences. This also means that the estimated prevalences are the
lower limits. This becomes obvious when comparing the lower
number of NNFs observed in Trial 1 compared with Trials 2 and
3. Suspicion of underreporting is further amplified when com-
paring the results of the three Danish trials with the results of
Vuik et al., which observed a very high number of NNFs even
compared with OC [17]. Another limitation is that the trained
staff evaluating the CCE video recordings may have had differ-
ent reporting approaches, resulting in observer bias. The pri-
mary objective of the CCE recordings was identification of
polyps, which introduces additional observer bias and further
limits the reliability of the findings. In addition, the observed
low CCE CR also limits reliability of the results and an attempt
at adjustment for that is shown in Supplementary Table 1.
Furthermore, there was a risk of misclassification because there
was unclear consensus on nomenclature in CCE procedures
across the trials. Last, none of the three Danish trials had NNFs
as their primary or secondary aim. Covariates such as ethnicity,
economic and social status, and education are all potential con-
founders of this study. However, this information was unavail-
able and not corrected for or examined in the statistical analy-
sis.

Interpretation

Incidental NNFs may have clinical relevance that is yet to be elu-
cidated. However, no literature investigating clinical adminis-
tration of incidental NNFs was identified, and potential treat-
ment of NNFs is usually based on expert opinion. For example,
5% of patients with diverticulosis will develop acute diverticuli-
tis, whereas increased prevalence of angiodysplasia has been
observed in patients with end-stage kidney disease [32, 33]. In
addition, some literature suggests that aortic valve replace-
ment clinically significantly reduces gastrointestinal bleeding
from angiodysplasia [34, 35]. True cases of nonspecific colonic
ulcerations are rare because solitary erosions and ulcerations
usually have a known etiology, frequently use of nonsteroidal
anti-inflammatory drugs. However, these ulcerations can be
life-threatening if not treated correctly [36, 37]. Last, colonic
inflammation with no clinical manifestation is hypothesized to
be related to a systemic inflammatory condition, which is con-
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sidered important in early-stage chronic disease and multi-
morbidity [38]. Therefore, the diagnosis of NNFs could be an
additional yield, even though they usually are determined to
be clinically irrelevant. Although of strong interest, a clinical
evaluation of the included patients to investigate the need for
further OC or other clinical outcomes related to the NNFs was
not possible due to practical and legislative constraints.

Conclusions
This paper presents prevalence of NNFs in a series of three Dan-
ish trials. Most participants had at least one NNF, with diverticu-
la being the most common. The study’s main limitation was the
data sourcing, which originated from three unrelated studies
with different indications, study populations, and aims. To
establish better evidence about the prevalence and incidence
of NNFs in the colon, future prospective studies with more
systematic study design and systematic nomenclature for eval-
uating CCE investigations are needed. In addition, further
studies are needed elucidating the clinical relevance of inciden-
tal NNFs. However, this paper is an important reference about
prevalence of NNFs in samples of FIT-positive screening or
symptomatic individuals from the Danish population investiga-
ted by CCE.

Conflict of Interest

Sebastian Radic Eskemose, Lasse Kaalby Møller, and Ulrik Deding have
no conflicts of interest or financial ties to disclose. Anastasios Kou-
laouzidis has received consultancy fees from Jinshan Science and
Technology (Group) Co. Ltd. (Jinshan Group) and Corporate Health
International, received honoraria from Jinshan Group and Medtronic,
received travel support by Jinshan Group, has issued a patent with
AJM Med-i-Caps Ltd., and has equity interest in iCERV Ltd. and AJM
Med-i-Caps Ltd. Thomas Bjørsum-Meyer has received consulting fees
from Medtronic. The funders had no role in the design of the paper; in
the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

References

[1] Spada C, De Vincentis F, Cesaro P et al. Accuracy and safety of second-
generation PillCam COLON capsule for colorectal polyp detection.
Therap Adv Gastroenterol 2012; 5: 173–178 doi:10.1177/
1756283X12438054

[2] MacLeod C, Hudson J, Brogan M et al. ScotCap - A large observational
cohort study. Colorectal Dis 2022; 24: 411–421 doi:10.1111/
codi.16029

[3] NHS England. NHS rolls out capsule cameras to test for cancer. Leeds:
National Health Service. 2021: Accessed March 11, 2024: https://
www.england.nhs.uk/2021/03/nhs-rolls-out-capsule-cameras-to-
test-for-cancer/

[4] Vuik FER, Nieuwenburg SAV, Moen S et al. Population-based preval-
ence of gastrointestinal abnormalities at colon capsule endoscopy.
Clin Gastroenterol Hepatol 2022; 20: 692–700.e7

[5] Bevan R, Lee TJ, Nickerson C et al. Non-neoplastic findings at colo-
noscopy after positive faecal occult blood testing: data from the
English Bowel Cancer Screening Programme. J Med Screen 2014; 21:
89–94

[6] Kobaek-Larsen M, Kroijer R, Dyrvig AK et al. Back-to-back colon cap-
sule endoscopy and optical colonoscopy in colorectal cancer screen-
ing individuals. Colorectal Dis 2018; 20: 479–485 doi:10.1111/
codi.13965

[7] Deding U, Herp J, Havshoei AL et al. Colon capsule endoscopy versus
CT colonography after incomplete colonoscopy. Application of artifi-
cial intelligence algorithms to identify complete colonic investiga-
tions. United European Gastroenterol J 2020; 8: 782–789
doi:10.1177/2050640620937593

[8] Kroijer R, Dyrvig AK, Kobaek-Larsen M et al. Booster medication to
achieve capsule excretion in colon capsule endoscopy: a randomized
controlled trial of three regimens. Endosc Int Open 2018; 6: E1363–
e8 doi:10.1055/a-0732-494

[9] von Elm E, Altman DG, Egger M et al. The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol 2008;
61: 344–349 doi:10.1016/j.jclinepi.2007.11.008

[10] StataCorp. Stata Statistical Software: Release 17. College Station. TX:
StataCorp LLC; 2021: doi:10.1016/j.plabm.2024.e00418

[11] Ciatto S, Martinelli F, Castiglione G et al. Association of FOBT-assessed
faecal Hb content with colonic lesions detected in the Florence
screening programme. Br J Cancer 2007; 96: 218–221

[12] Ozaki T, Tokunaga A, Chihara N et al. Total colonoscopy detects early
colorectal cancer more frequently than advanced colorectal cancer in
patients with fecal occult blood. J Nippon Med Sch 2010; 77: 195–203

[13] Rajasekhar PT, Clifford GM, Lee TJW et al. Bowel cancer screening is
safe, detects earlier stage cancer and adenomas in 50% of cases: ex-
perience of the prevalent round of screening from two first wave
centres in the North East of England. Frontline Gastroenterol 2012; 3:
10–15

[14] Ismail MS, Semenov S, Sihag S et al. Colon capsule endoscopy is a vi-
able alternative to colonoscopy for the investigation of intermediate-
and low-risk patients with gastrointestinal symptoms: results of a pi-
lot study. Endosc Int Open 2021; 9: E965–e70

[15] Adler SN, González Lama Y, Matallana Royo V et al. Comparison of
small-bowel colon capsule endoscopy system to conventional colo-
noscopy for the evaluation of ulcerative colitis activity. Endosc Int
Open 2019; 7: E1253–e61

[16] Hosoe N, Hayashi Y, Ogata H. colon capsule endoscopy for inflam-
matory bowel disease. Clin Endosc 2020; 53: 550–554 doi:10.5946/
ce.2019.156

[17] Peery AF, Keku TO, Martin CF et al. Distribution and Characteristics of
Colonic Diverticula in a United States Screening Population. Clin Gas-
troenterol Hepatol 2016; 14: 980–985.e1

[18] Manousos ON, Truelove SC, Lumsden K. Prevalence of colonic diverti-
culosis in general population of Oxford area. Br Med J 1967; 3: 762–
763 doi:10.1136/bmj.3.5568.762

[19] Painter NS, Burkitt DP. Diverticular disease of the colon: a deficiency
disease of Western civilization. Br Med J 1971; 2: 450–454
doi:10.1136/bmj.2.5759.450

[20] Foutch PG, Rex DK, Lieberman DA. Prevalence and natural history of
colonic angiodysplasia among healthy asymptomatic people. Am J
Gastroenterol 1995; 90: 564–567

[21] Boley SJ, Sammartano R, Adams A et al. On the nature and etiology of
vascular ectasias of the colon. Degenerative lesions of aging. Gastro-
enterology 1977; 72: 650–660

[22] Heer M, Sulser H, Hany A. Angiodysplasia of the colon: an expression
of occlusive vascular disease. Hepatogastroenterology 1987; 34:
127–131

Eskemose SebastianRadic et al. Non-neoplastic findings in… Endosc Int Open 2024; 12: E1295–E1302 | © 2024. The Author(s). E1301



[23] Wilcox CM, Clark WS. Causes and outcome of upper and lower gas-
trointestinal bleeding: the Grady Hospital experience. South Med J
1999; 92: 44–50 doi:10.1097/00007611-199901000-00008

[24] Duray PH, Marcal JM, LiVolsi VA et al. Small intestinal angiodysplasia in
the elderly. J Clin Gastroenterol 1984; 6: 311–319 doi:10.1097/
00004836-198408000-00001

[25] Halder W, Laskaratos FM, El-Mileik H et al. Review: Colon capsule
endoscopy in inflammatory bowel disease. Diagnostics (Basel) 2022;
12: 149 doi:10.3390/diagnostics12010149

[26] Bjoersum-Meyer T, Skonieczna-Zydecka K, Cortegoso Valdivia P et al.
Efficacy of bowel preparation regimens for colon capsule endoscopy:
a systematic review and meta-analysis. Endosc Int Open 2021; 9:
E1658–e73

[27] Spada C, Hassan C, Galmiche JP et al. Colon capsule endoscopy: Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE) Guideline.
Endoscopy 2012; 44: 527–536 doi:10.1055/s-0031-1291717

[28] Murphy B, Myers E, O'Shea T et al. Correlation between adenoma de-
tection rate and polyp detection rate at endoscopy in a non-screening
population. Sci Rep 2020; 10: 2295

[29] Boroff ES, Disbrow M, Crowell MD et al. Adenoma and polyp detection
rates in colonoscopy according to indication. Gastroenterol Res Pract
2017; 2017: 7207595 doi:10.1155/2017/7207595

[30] Cooper GS, Chak A, Koroukian S. The polyp detection rate of colo-
noscopy: a national study of Medicare beneficiaries. Am J Med 2005;
118: 1413 doi:10.1016/j.amjmed.2005.06.019

[31] Vuik FER, Nieuwenburg SAV, Moen S et al. Colon capsule endoscopy in
colorectal cancer screening: a systematic review. Endoscopy 2021;
53: 815–824 doi:10.1055/a-1308-1297

[32] Chalasani N, Cotsonis G, Wilcox CM. Upper gastrointestinal bleeding
in patients with chronic renal failure: role of vascular ectasia. Am J
Gastroenterol 1996; 91: 2329–2332

[33] Shahedi K, Fuller G, Bolus R et al. Long-term risk of acute diverticulitis
among patients with incidental diverticulosis found during colonos-
copy. Clin Gastroenterol Hepatol 2013; 11: 1609–1613

[34] Cappell MS, Lebwohl O. Cessation of recurrent bleeding from gastro-
intestinal angiodysplasias after aortic valve replacement. Ann Intern
Med 1986; 105: 54–57 doi:10.7326/0003-4819-105-1-54

[35] Scheffer SM, Leatherman LL. Resolution of Heyde's syndrome of aortic
stenosis and gastrointestinal bleeding after aortic valve replacement.
Ann Thorac Surg 1986; 42: 477–480 doi:10.1016/s0003-4975(10)
60563-2

[36] Losanoff JE, Richman BW, Foerst JR et al. Nonspecific ulcers of the
colon. Endoscopy 2003; 35: 521–525 doi:10.1055/s-2003-39663

[37] Nagar AB. Isolated colonic ulcers: diagnosis and management. Curr
Gastroenterol Rep 2007; 9: 422–428 doi:10.1007/s11894-007-0053-
9

[38] Barnett KN, Clark GRC, Steele RJC et al. Faecal haemoglobin estimated
by faecal immunochemical tests-an indicator of systemic inflamma-
tion with real clinical potential. Diagnostics (Basel) 2021; 11: 2093

E1302 Eskemose SebastianRadic et al. Non-neoplastic findings in… Endosc Int Open 2024; 12: E1295–E1302 | © 2024. The Author(s).

Original article


