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ABSTRACT

Background: During the COVID- 19 pandemic, NHS England introduced colon capsule endoscopy (CCE) at scale to support the 

recovery of endoscopy. Symptomatic patients referred with suspected colorectal cancer (CRC) and a faecal immunochemical test 

(FIT) ≤ 100 μg Hb/g faeces were offered CCE.

Aims: To evaluate the safety, diagnostic accuracy and utility of CCE in this setting.

Methods: Consenting patients, referred on a suspected CRC pathway with FIT ≤ 100 μg Hb/g faeces, were offered CCE, colonos-

copy or CT colonography. Each cohort was to be age- , sex- , symptom-  and FIT- matched. We performed a paired comparison of 

findings in those who required colorectal endoscopy after CCE and recorded clinical outcomes.

Results: We recruited 4878 patients for CCE, 5025 for colonoscopy and 466 for CT colonography patients. CCE was safely tol-

erated by 98.4% of patients. CCE identified a matched mass lesion in all patients with CRC when the examination was complete 

and adequately prepared. More polyps ≥ 10 mm and 6–9 mm were detected by CCE than by colonoscopy or CT colonography. 

Per- patient sensitivities for polyps ≥ 10 mm and 6–9 mm were 97% in those with a paired, complete and adequately prepared CCE 

than colonoscopy. Completion (74%) and bowel preparation adequacy rates (74%) were poorer than those of colonoscopy and CTC 

(both 88%). However, CCE usefully performed a filter function in 86% of patients.

Conclusions: CCE is safe and accurate for the diagnosis of colorectal disease. In the suspected CRC pathway, its ‘filter function’ 

complements existing colorectal diagnostic services by creating additional capacity.

1   |   Background

Colonoscopy is the accepted gold standard for colorectal inves-
tigation and diagnosis of suspected colorectal cancer (CRC), 
pre- malignant polyps and inflammation [1–3]. It is an invasive 

test, which carries small risks of bleeding, perforation and in-
fection that are cumulative in patients who have lifetime sur-
veillance procedures [4–7]. Sedo- analgesia is routinely offered 
to improve patient experience and allay anxiety, embarrass-
ment and discomfort but has to be balanced against the risks 
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of cardiopulmonary and cerebrovascular complications [8–12]. 
It is a resource- intense procedure performed by highly trained 
endoscopists with support staff and facilities to monitor and re-
cover patients. Yet most procedures are normal or identify inci-
dental findings unrelated to the patients' symptoms [3, 13, 14]. 
Sometimes a colonoscopy cannot be adequately completed, and 
whilst quality and safety parameters in colonoscopy have been 
developed, significant disease can be missed [4].

Colonoscopy also delivers colorectal therapeutics, such as pol-
ypectomy; however, in the UK, the major demand for colo-
noscopy is as a diagnostic tool [3, 13, 14]. Since the COVID- 19 
pandemic, the demand for diagnostic colonoscopy has contin-
ued to increase and exceeds the capacity available to meet the 
targets for timeliness in CRC and inflammatory bowel disease 
(IBD) diagnosis [15–21]. This places patients at risk [15, 19, 20]. 
Computed tomography (CT) colonography is an alternative col-
orectal diagnostic providing additional capacity. It involves the 
use of low- dose ionising radiation and is generally reserved for 
frailer patients in whom colonoscopy cannot or should not be 
performed [22, 23].

Colon capsule endoscopy (CCE) is non- invasive, and some 
studies suggest that it causes less procedure- related distress 
than colonoscopy, is more acceptable to, and preferred by pa-
tients [24–26]. Patients do not require sedation or monitoring, 
and it can be performed in a community setting or in the home 
[23, 27–29]. It has a published sensitivity of 87%–88% in the de-
tection of polyps ≥ 10 mm [30–32]. To date, no large population- 
based studies of symptomatic patients have been performed [33].

The UK National Institute for Health and Care Excellence 
recommends that symptomatic patients who have a faecal im-
munochemical test (FIT) ≥ 10 μg Hb/g faeces be referred for 
urgent colonoscopy or CT colonography [34]. However, prac-
tices introduced to minimise the risks of disease transmission 
during the COVID- 19 pandemic put major constraints on access 
to colonoscopy and radiology services, with all but urgent and 
emergency procedures being suspended [19, 35]. During the re-
covery phase from the pandemic, NHS England recommended 
that urgent colonoscopy (and CT colonography) should be pri-
oritised for those with a high CRC risk (FIT > 100 μg Hb/g). To 
minimise the risk of delayed CRC diagnoses in those with an 
intermediate risk (FIT 10- 100 μg Hb/g) NHS England supported 

the development of CCE services to increase diagnostic capacity 
and mitigate pressures on colonoscopy units [35–37]. The wide-
spread introduction of CCE across England permitted a large, 
observational diagnostic accuracy study to be conducted.

2   |   Methods

2.1   |   Patients and Study Design

The inclusion criteria were those patients aged 18 years and over, 
with a FIT ≤ 100 μg Hb/g faeces and who were referred for the 
investigation of suspected CRC by CCE, colonoscopy or CT colo-
nography. The initial intermediate risk range was later extended 
to include patients with FIT < 10 μg Hb/g faeces to allow flex-
ibility for centres to offer CCE to lower- risk referred patients, 
least likely to need subsequent colonoscopy. There were no 
formal exclusion criteria. Instead, CCE selection guidance was 
provided to clinicians by an expert advisory group (EAG). This 
stated that patients with dysphagia, stricturing Crohn's disease, 
long- term daily use of non- steroidal anti- inflammatory drugs, 
prior abdominopelvic irradiation and during pregnancy may be 
more suitable for an alternative investigation. Pre- assessment 
using radiological imaging or a patency capsule was suggested 
for those at risk of capsule retention. The EAG also advised that 
patients with significant co- morbidity, the use of opioid or tri-
cyclic antidepressant medication and impaired mobility may 
predict poor bowel preparation. However, the choice of test was 
entirely at the discretion and judgement of the responsible clini-
cian and patient.

Noting the clinical context in which CCE was being introduced 
and the need to create additional colorectal diagnostic capacity, a 
pragmatic study design was developed permitting the diagnostic 
accuracy of CCE to be assessed in two ways (Figure 1). Initially, 
the diagnoses of three separate cohorts of patients undergoing 
CCE, colonoscopy or CT colonography as their index investiga-
tion were to be compared. Since the age, sex, symptomatology, 
and FIT were likely to be matched, it was argued that the prev-
alence of colorectal disease would similarly be matched. This is 
referred to as the comparative accuracy arm of the study [38]. 
Thereafter, a paired comparison of findings was undertaken in 
those who went on to colonoscopy (or flexible sigmoidoscopy) 
after CCE, for biopsy or polypectomy of pathology identified 

FIGURE 1    |    Schematic of the comparative and matched accuracy design of the study.
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or because the CCE examination was incomplete or the bowel 
preparation was inadequate. This is referred to as the matched 
accuracy arm. All patients provided written, informed consent 
to participate in the study. Ethical approval was obtained to con-
duct this evaluation: IRAS ID: 156515.

2.2   |   Colorectal Examination Techniques

Colonoscopy and CT colonography were performed and re-
ported according to the practice of each individual centre with 
the Boston bowel preparation scale being applied [22, 23, 39, 40]. 
CCE was performed using the PillCamTM COLON 2 system 
(Medtr onic. com). All CCE video reporters completed an ap-
proved online CCE training course (Imige Ltd) [41, 42]. This 
included an introductory webinar followed by five further hour- 
long webinars teaching broad aspects of CCE delivery, reading 
and reporting. A smartphone ‘Image Recognition App’ and a 
Rapid Reader simulator supported training. The App comprised 
4 h of preparatory material split into 19 learning modules and 
included 100 illustrative video clips. It described the procedure, 
indications and contraindications, consent, bowel preparation, 
use of the DR3 video capture recording device, belt fitting in-
structions, tips and tricks to improve outcomes and advice on 
good reading practice. Formative assessments, requiring train-
ees to review 15 CCE videos in their entirety, locating, identify-
ing and describing all landmarks and lesions, were delivered via 
the Rapid Reader simulator. Feedback was provided both online 
and by expert readers. The trainee then read five further full- 
length summative videos and a certificate of completion was 
awarded once all clinically significant pathology had been iden-
tified. The training course provided 50 h of training time.

All centres followed the guidelines of the European Society of 
Gastroenterological Endoscopy (ESGE) for bowel preparation 
for CCE [24]. This included a 3- day low- residue diet followed 
by two split doses of a polyethylene glycol- electrolyte solution 
(the evening before and the morning of the procedure), two di-
rected ‘boosters’ comprising gastrografin and phosphosoda after 
swallowing the capsule and, if needed, a bisacodyl suppository 
at the end of the day. Moviprep (Norgine Ltd) or Plenvu (Norgine 
Ltd) when stocks were depleted, were used. Some centres were 
not able to access gastrografin and used phosphosoda boosters 
alone. Following the publication of a nested cohort within the 
CareForColon2015 trial suggesting that prucalopride might im-
prove the CCE completion rate and with support from the EAG, 
35 centres added this to their protocol during the evaluation [43].

In line with ESGE guidelines, the EAG recommended that pa-
tients with a normal CCE could be discharged and those with 
≤ 3 polyps of < 6 mm could be discharged or have a repeat pro-
cedure in 3 years [24]. A complete CCE study was defined as one 
where the CCE was seen to be expelled or where the anal cush-
ions were identified, and an adequate bowel preparation was 
defined as a score of ≥ 6 on the Colon Capsule Clear Score [44].

2.3   |   Data Collection

Patient details were anonymised using a personal identification 
number assigned by the local centres. All data were entered by 

the local research team in each participating centre onto an elec-
tronic case report form. For all procedures, this included demo-
graphic data, presenting symptoms and signs, blood test results 
and FIT level. The FIT assays were those used by each partici-
pating site. Also required was a description of completeness and 
adequacy of examination, a description of all pathology iden-
tified and an estimation of size (< 6 mm, 6–9 mm and > 9 mm) 
and site (right, transverse or left colon or rectum) of any mass 
lesions. Complications and existing quality and safety standards 
for colonoscopy and CT colonography were reported [3]. Details 
of any subsequent procedures were also recorded so that find-
ings could be matched endoscopically. ‘Significant polyp dis-
ease’ was defined as the presence of a single polyp of ≥ 6 mm or 
≥ 3 polyps of any size [24].

2.4   |   Powering and Analysis

Sample size calculation for the evaluation was based on the com-
parative diagnostic accuracy design. For 90% power to detect a 
difference in sensitivity at the 5% level of significance and with 
a prevalence of disease thought to be 30%, a sample size of 5000 
patients would be required in each group. Disease prevalence 
for CRC, significant polyps and colitis was estimated from the 
findings of an earlier FIT diagnostic accuracy study involving 
patients referred with suspected CRC [38].

Data are presented descriptively as mean (with standard devia-
tion [SD]) or median (with interquartile ranges [IQR]) for con-
tinuous variables and frequency (percentage) for categorical 
variables. T test and ANOVA were used to test for differences 
between the three cohorts. Polyp matching was undertaken in 
line with that described by Rex et al.; however, this had to be 
modified since each lesion identified was recorded based on 
size range (< 6 mm, 6–9 mm and > 9 mm) rather than absolute 
size [31]. In brief, for a polyp detected at CCE to be considered a 
true positive, it had to match a polyp found at endoscopy being 
(i) located within the same or adjacent colonic segment (right, 
transverse or left colon and rectum) and (ii) in the same or ad-
joining size range as found at endoscopy. Polyps reported by 
CCE but not matched at endoscopy were regarded as false pos-
itives. Polyps detected by endoscopy but not reported by CCE 
were regarded as false negatives. Matching was also reported on 
a per- patient basis. Here, the polyps were matched by the same 
size methods but without reference to the colonic segment and, 
when multiple polyps were present, patients were regarded as 
true positives only if they all were true positive polyps. If there 
were any false negative polyps, the patient was regarded as a 
false negative.

The term ‘conclusivity’ was used as a reflection of the filter func-
tion of CCE and was defined as whether it ‘accurately informed 
the onward management of the patient’.

2.5   |   Trial Monitoring Group

CCE had not previously been used as a first- line investigative tool 
for symptomatic patients. Funding by NHS England National 
Cancer Programme to support its introduction was a pragmatic 
response aimed at ameliorating pressures on endoscopy services 
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during and following the COVID- 19 pandemic. Therefore, data 
submitted was regularly reviewed by the EAG to evaluate and 
compare progress in each participating centre, and monthly 
meetings were held with frontline staff to share best practice.

2.6   |   Outcomes

The primary outcome was the diagnostic accuracy of CCE com-
pared to colonoscopy in matched patients for the combined end-
point of CRC, significant polyps and colitis.

Secondary outcomes were

 i. the comparative accuracy of CCE compared to the colonos-
copy (and CT colonography) cohorts for a combined end-
point of CRC, significant polyps and colitis;

 ii. the performance characteristics of CCE in terms of safety, 
completion and preparation adequacy;

 iii. the utility of CCE to influence the onward management of 
the patient (conclusivity).

3   |   Results

A total of 10,369 patients were recruited prospectively from 55 
NHS Trusts in England during the period from April 2021 to 
March 2024, 4878 having CCE as the index investigation, 5025 

a colonoscopy and 466 CTC. A median of 58 CCE patients (IQR 
18–99) were recruited per site. The patient demographics, FIT, 
symptoms and signs and other laboratory results are presented 
by index investigation in Table 1 and Tables S1 and S2.

3.1   |   Matched Diagnostic Accuracy

There were 2301 patients who had a CCE and then went on 
to colorectal endoscopy: 1493 (31% of patients) to colonoscopy 
and a further 808 (17%) to flexible sigmoidoscopy (Table  2 
and Table  S3). The main indication for referral was the pa-
thology identified; however, the CCE was incomplete in 29% 
of patients. The subsequent endoscopy was normal in 23% of 
patients, with significant pathology being detected in 44%. 
Sixty- nine patients were diagnosed with CRC in the CCE co-
hort, 63 of whom went on to have a colonoscopy or flexible 
sigmoidoscopy. Of these patients, CCE identified 49 mass le-
sions. Twenty- four were reported as CRC, 21 as segmentally 
matched and 4 as non- segmentally matched large (≥ 10 mm) 
polyps. The 14 remaining patients diagnosed with CRC had 
either an incomplete CCE where the capsule did not fully ex-
amine the cancer segment or had an inadequately prepared 
bowel. No CRC was missed at the time of investigation on a 
per- patient match for those who had a complete and adequately 
prepared procedure. During the period of the study, however, 
one interval CRC was reported. The case was reviewed locally 
and by the EAG. The index procedure was an incomplete but 
well- prepared colonoscopy. It was abandoned at the distal 

TABLE 1    |    Participant demographics and symptoms at presentation.

Characteristic

CCE (n = 4878) Colonoscopy (n = 5025) CTC (n = 466)

Total

Sex

Total

Sex

Total

Sex

Male Female Male Female Male Female

Age (years)

N (%) 4859 2208 (45) 2651 (55) 5020 2457 (49) 2563 (51) 466 237 (51) 229 (49)

Mean (SD) 60 (14) 60 (13) 59 (14) 66 (13) 68 (12) 65 (13) 77 (9) 78 (9) 77 (9)

FIT μgHb/g faeces

N 4671 2125 2546 4979 2437 2542 456 232 224

Mean (SD) 27 (48) 29 (51) 26 (45) 39 (65) 42 (68) 37 (61) 32 (24) 34 (26) 31 (21)

< 10 μgHb/g 
faeces (%)

998 (21) 392 (18) 606 (24) 873 (18) 398 (16) 475 (19) 8 (2) 2 (1) 6 (3)

10–100 (%) 3631 (78) 1715 (81) 1916 (75) 3892 (78) 1922 (79) 1970 (77) 444 (97) 226 (97) 218 (97)

> 100 (%) 42 (1) 18 (1) 24 (1) 214 (4) 117 (5) 97 (4) 4 (1) 4 (2) 0 (0)

Symptoms, N (%)

Change of 
bowel habit

2784 (57) 1169 (53) 1615 (61) 3291 (65) 1507 (61) 1784 (70) 280 (60) 138 (58) 142 (62)

Rectal 
bleeding

1378 (28) 671 (30) 707 (27) 1625 (32) 790 (32) 835 (33) 73 (16) 37 (16) 36 (16)

Abdominal 
pain

1782 (37) 743 (34) 1039 (39) 2046 (41) 848 (34) 1198 (47) 170 (36) 78 (33) 92 (40)

Anaemia 680 (14) 291 (13) 389 (15) 1054 (21) 612 (25) 442 (17) 142 (30) 84 (35) 58 (25)
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TABLE 2    |    CCE findings paired with subsequent colorectal endoscopy findings presented on an ‘intention to investigate’ basis.

Characteristic CCE, n = 2301 (%)

Colonoscopy, 

n = 1493 (%)

Flexible sigmoidoscopy, 

n = 808 (%) Total, n = 2301 (%)

Indication for onward investigation

Pathology identified at 
CCE

1050 (70) 428 (53) 1478 (64)

Incomplete CCE 317 (21) 348 (43) 665 (29)

Inadequate CCE prep 111 (7) 21 (3) 132 (6)

Continuing symptoms 6 (1) 3 9

Other/unknown 9 (1) 8 (1) 17 (1)

Investigative findings

Normal 505 (22) 277 (19) 252 (31) 529 (23)

CRC 52 (2.3) 41 (3.4) 22 (4.0) 63 (3.6)

Right colon (20%) (16%)

Transverse colon (28%) (9%)

Left colon (28%) (34%)

Rectum (24%) (40%)

Patient with polyps

All polyps 1357 (60) 943 (63) 318 (39) 1261 (55)

≥ 10 mm 593 (26) 345 (23) 100 (12) 445 (19)

6–9 mm 726 (32) 390 (26) 106 (13) 496 (22)

≥ 6 mm 1042 (42) 608 (41) 191 (24) 799 (35)

≥ 3 polyps 576 (25) 426 (29) 50 (6) 476 (21)

Polyp numbers and site

All polyps 4006 2858 538 3396

≥ 10 mm 912 (23) 491 (17) 110 (20) 601 (18)

Right colon 267 (29) 165 (27)

Transverse colon 228 (24) 95 (16)

Left colon 313 (34) 244 (41)

Rectum 104 (11) 97 (16)

6–9 mm 1309 (33) 609 (21) 120 (22) 729 (21)

Right colon 330 (25) 203 (28)

Transverse colon 332 (25) 124 (17)

Left colon 531 (41) 335 (46)

Rectum 116 (9) 67 (9)

≥ 6 mm 2221 (55) 1100 (38) 230 (43) 1330 (39)

Polyp per- patient ratio

≥ 10 mm 1.5 1.4

6–9 mm 1.8 1.5

Colitis 136 (6%) 105 (5%) 37 (2%) 142 (6%)
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ascending colon, with views of the ileocaecal valve, because 
of patient intolerance. Pan- colonic diverticulosis was iden-
tified. A CCE was subsequently performed, being described 
as complete with adequate bowel preparation (Colon Capsule 
Clear Score of 8 [R2T3L3]). A small caecal polyp was identi-
fied in the caecum. The patient was offered a repeat colonos-
copy under deep sedation at the time but never got back to 
the clinical team and then re- presented 18 months later with a 
40 mm ascending colon cancer, pT3pN0M0. The CCE images 
were reviewed by an experienced reader and the site endos-
copy lead. No pathology was detected. It is concluded that this 
was a post- colonoscopy and post- CCE CRC.

More polyps in absolute terms and on a per- patient basis (all, 
≥ 10 mm and 6–9 mm) were diagnosed at CCE than at the 
subsequent colonoscopy or combined colorectal endoscopy. 
Significant polyps were identified in 42% of CCE patients, 41% of 
colonoscopy patients and 35% of colorectal endoscopy patients. 
The total prevalence of significant polyps was 55% compared to 
38% and 39%, respectively. The polyp per- patient ratio was 1.5 
for ≥ 10 mm at CCE compared to 1.4 at colorectal endoscopy and 
1.8 compared to 1.5 for 6–9 mm polyps. The same prevalence of 
colitis was identified at CCE and colorectal endoscopy.

Paired polyp matching was undertaken in patients who had a 
complete and adequately prepared CCE and then went on to 
have a complete and adequately prepared therapeutic colonos-
copy or, when appropriate, a flexible sigmoidoscopy (Table 3). 
Since true negative patients cannot be identified, the specificity 
of CCE cannot be calculated. Matching was determined on a per 
polyp and per- patient analysis. Whilst the per polyp matching 
was 75%–79% sensitive, the per- patient sensitivity was 97% for 
both ≥ 10 mm and 6–9 mm polyps.

3.2   |   Comparative Diagnostic Accuracy of CCE, 
Colonoscopy and CTC, Each as a Separate Cohort

Patients in the CCE cohort had a median age of 61y (15–70) and 
were significantly younger than those in the colonoscopy 68y 
(58–76) and CT colonography 78y (73–83) cohorts (p < 0.01). 
They also had a lower FIT of 18 μg Hb/g faeces (10–34) than 
those having a colonoscopy 21 μg Hb/g faeces (11–45) and CT 
colonography 25 μg Hb/g faeces (14–41) (p < 0.01). The FIT was 
< 10 μg Hb/g faeces in 21% of CCE patients. Symptom complexes 
tended to be different in the three cohorts. Table 4 summarises 
the comparative clinical outcomes from the initial investiga-
tion on an ‘intention to investigate’ basis. In total, there were 
3498 CCE patients with a positive pathology (72%), 3833 (76%) 

colonoscopy patients and 341 (73%) CT colonography patients. 
A mass lesion, subsequently confirmed as CRC, was identified 
in 54 CCE patients (1.1%). This was fewer than in those having 
colonoscopy (151/5025 [3%]) and CT colonography (14/466 (3%)) 
as their index investigation. Polyps were identified in 43%, 40% 
and 23% of patients having CCE, colonoscopy and CT colonog-
raphy, respectively. It was 26%, 19% and 18%, respectively, when 
diminutive polyps were excluded. Table 5 presents the compar-
ative diagnostic accuracy for the combined end points of the 
3035 (63%) CCE patients, 4405 (88%) colonoscopy and 411 (88%) 
CT colonography patients whose investigations were complete 
and adequate. Here the prevalence of mass lesions that were 
confirmed to be CRC was 1.6%, 2.8% and 3.2% in CCE, colonos-
copy and CT colonography patients, respectively. Polyps were 
detected in 49% of CCE patients, 40% colonoscopy and 24% of 
CT colonography patients. For ≥ 10 mm polyps it was 16%, 10% 
and 9% of patients, respectively and for 6–9 mm polyps it was 
20%, 11% and 12%, respectively. A higher proportion of trans-
verse colonic polyps in CCE patients was noted. As expected, 
there was an age related variation in the prevalence of polyps 
in all three cohorts. For CCE patients, those aged ≥ 60y it was 
64% compared to 56% in those < 60y, whilst for colonoscopy pa-
tients it was 55% and 47%, respectively, and for CT colonogra-
phy patients it was 32% and 8%, respectively. Males had a higher 
proportion of polyps than females in each cohort. It was 62% vs. 
58% for CCE, 59% vs. 46% in colonoscopy and 32% vs. 29% for 
CT colonography. The increasing proportion of polyps detected 
at CCE and colonoscopy based on the stratification of the FIT 
value is presented in Figure 2. There was no variation in polyp 
prevalence by index of multiple deprivation decile (IMD). The 
distribution of polyps in right and transverse colonic segments 
was higher in CCE patients. A similar prevalence of colitis was 
identified between patients having CCE and colonoscopy and 
for the combined endpoint of CRC, significant polyps and coli-
tis the prevalence was 32% for those having CCE, 22% for those 
having a colonoscopy and 19% at CT colonography. Accepting 
that the study was underpowered to assess CT colonography, 
CCE was not significantly less sensitive than the other diagnos-
tic modalities.

3.3   |   Safety of CCE

A patency capsule was used in 887 (18%) of the patients hav-
ing CCE, 91% of whom were requested from 7 of the pilot sites. 
The overall complication rate for CCE was 1.6% (Table 6). The 
most common complications were the inability to swallow the 
capsule, vomiting and suspected retention. Three emergency 
laparotomies were performed on patients after CCE (0.06%). 

TABLE 3    |    Polyp matching accuracy in those with a complete and adequately prepared CCE and colorectal endoscopy.

Polyp ≥ 10 mm Polyp 6–9 mm

Per- patient Per polyp Per- patient Per polyp

CCE true positives 252 507 382 744

CCE false positives 202 384 177 526

CCE false negatives 7 171 10 200

Sensitivity 97% (94–99) 75% (71–78) 97% (95–99) 79% (76–81)
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There was one death, and there were two perforations. Cases 
were reviewed by the local clinical team and by the EAG. It was 
concluded that each event was caused by the pathology detected 
by the CCE rather than the capsule itself. In addition, there were 
64 (1.3%) technical failures with CCE, largely caused by a failure 
of the camera to capture right- sided colonic images.

3.4   |   CCE Reading, Completion and Bowel 
Preparation Adequacy

The CCE was complete in 74% and adequately prepared in 
74%, giving a composite for completion and adequacy in 63% of 

patients (66% for men and 60% for women). This is significantly 
poorer when compared to 88% (4405/5025) for those having a 
colonoscopy and CT Colonography (411/466) (p < 0.01). The per-
formance of CCE was affected by the sex and age of the patient. 
The completion and adequacy rates were 77% and 76%, respec-
tively, for men aged < 60y and 71% and 70% for those ≥ 60y. This 
compares to 69% each for completion and adequacy in women 
< 60y and 64% and 67%, respectively, for women ≥ 60y. The con-
clusivity of CCE was 77% for men < 60y and 74% for those ≥ 60y, 
whilst for women it was 70% and 68%, respectively. In 67% of the 
patients, the capsule was single read, mostly by a consultant gas-
troenterologist. The median (IQR) time to read was 50 (30–65) 
min (Table S3).

TABLE 4    |    Comparative accuracy: ‘intention to investigate’ prevalence of disease by each investigative cohort.

Characteristic CCE, n = 4878 (%) Colonoscopy, n = 5025 (%) CTC, n = 466 (%)

CRC 54 (1.1) 151 (3.0) 14 (3.0)

Patients with polyps

All polyps 2098 (43) 2025 (40) 107 (23)

≥ 10 mm 647 (13) 516 (10) 44 (9)

6–9 mm 899 (18) 568 (11) 53 (11)

≥ 6 mm 1247 (26) 959 (19) 84 (18)

≥ 3 polyps 757 (16) 497 (10) 12 (3)

Polyp numbers and site

All polyps 5459 4185 163

≥ 10 mm 996 (18) 651 (16) 49 (30)

Right colon 292 (29) 214 (33) 21 (43)

Transverse colon 246 (24.5) 58 (9) 4 (8)

Left colon 344 (35.5) 241 (37) 18 (37)

Rectum 114 (11) 138 (21) 6 (12)

6–9 mm 1582 (30) 794 (19) 73 (45)

Right colon 413 (26) 225 (28) 18 (25)

Transverse colon 396 (25) 128 (16) 11 (15)

Left colon 628 (40) 314 (40) 28 (38)

Rectum 145 (9) 127 (16) 16 (22)

≥ 6 mm 2578 (47) 1445 (36) 122 (75)

Polyp to patient ratio

≥ 10 mm 1.5 1.3 1.1

6–9 mm 1.8 1.4 1.4

Colitis 150 (3.1) 168 (3.3) 2 (0.4)

Diverticulosis 2050 (42) 2056 (41) 216 (46)

Diverticulitis 79 (1.6) 32 (0.6) 15 (3)

Angioectasia 321 (6.6) 40 (0.8) 1 (0.2)

Radiation proctopathy 6 (0.1) 22 (0.4) 0

Other gastrointestinal diseases 1111 (23) 267 (5) 58 (12)

Note: n (%) presented.
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3.5   |   Utility

Onward investigation was prompted either by the identification 
of pathology or because of the incompleteness/inadequacy of the 
index test. The utility of CCE was explored in terms of its impact 
on the management of patients referred into the suspected CRC 
pathway (Figure 3). Here the observed sparing of urgent colorec-
tal diagnostics was recorded. In total, 49% of patients continued 
to remain in a colorectal diagnostics pathway, with 31% requir-
ing a colonoscopy and 16% a flexible sigmoidoscopy. However, 
86% of patients were spared urgent colonoscopy for suspected 
CRC, being downgraded for a non- suspected CRC intervention. 

Of the 14% of patients who required an urgent colonoscopy, it 
was for the pathology detected in over half the patients. Only 6% 
of patients who had a CCE for suspected CRC remained on that 
urgent pathway, needing a colonoscopy because of an incom-
plete procedure or an inadequately prepared bowel.

4   |   Discussion

This is the largest diagnostic accuracy study of CCE to have 
been undertaken. Set in clinical practice for the investigation of 
symptomatic patients at risk of CRC, the study first demonstrates 
the safety of CCE. Noting that guidance had been developed to 
support patient selection in line with existing capsule practice, 
CCE was complication- free in over 98% of patients. Retentions 
occurred in 0.2% of patients [45, 46]. The use of a large number 
of patency capsules by a few sites is probably unnecessary.

TABLE 5    |    Comparative accuracy: Prevalence of disease in each 

investigative cohort for those with complete and adequately prepared 

procedures.

Characteristic

CCE, 

n = 3035 

(%)

Colonoscopy, 

n = 4405 (%)

CTC, 

n = 411 

(%)

CRC 50 (1.6) 125 (2.8) 13 (3.2)

Patient with polyps

All polyps 1475 (49) 1774 (40) 98 (24)

≥ 10 mm 471 (16) 455 (10) 39 (9)

6–9 mm 621 (20) 487 (11) 49 (12)

≥ 6 mm 881 (29) 831 (19) 75 (18)

≥ 3 polyps 536 (18) 433 (10) 12 (3)

Polyp numbers and site

All polyps 3860 3658 152

≥ 10 mm 727 (19) 575 (16) 43 (28)

Right colon 203 (28) 191 (33) 17 (40)

Transverse 
colon

169 (23) 48 (8) 4 (9)

Left colon 254 (35) 214 (37) 17 (40)

Rectum 101 (14) 122 (21) 5 (12)

6–9 mm 1102 (29) 664 (18) 68 (45)

Right colon 250 (23) 200 (30) 16 (24)

Transverse 
colon

279 (25) 106 (16) 11 (16)

Left colon 457 (42) 271 (41) 26 (38)

Rectum 116 (11) 87 (13) 15 (22)

≥ 6 mm 1829 (47) 1257 (34) 111 (73)

Polyp per- patient ratio

≥ 10 mm 1.5 1.3 1.2

6–9 mm 1.8 1.4 1.4

Colitis 105 (3.2) 142 (3.2) 2 (0.5)

Note: Bowel preparation adequacy was defined as a CCClear score of > 5 for 
CCE, a BBPS of > 5 (good or excellent) for colonoscopy and a CT colonography 
quality of bowel preparation and quality of bowel distension described as good 
or adequate.

FIGURE 2    |    The percentage of CCE and colonoscopy patients with 

colorectal polyps expressed by FIT value.

TABLE 6    |    CCE procedural safety.

Characteristic n = 4878 (%)

Patency capsule used 877 (18%)

Any complication at CCE 77 (1.6%)

Unable to cope with the prep 3

Inability to swallow 14 (0.3%)

Vomiting 18 (0.4%)

Aspiration 0

Oesophageal stricture 1

Suspected retention 32 (0.7%)

X- ray performed 14

Confirmed retention 10 (0.2%)

Retention cause by CRC 6

Required hospital admission 6

Perforation 2

Required laparotomy 3

Death 1

Ultra rapid transit of the capsule 8
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The combined diagnostic accuracy endpoint of 53% in CCE pa-
tients exceeded the 44% of findings at colorectal endoscopy in 
paired patients, on an ‘intention to investigate’ basis (Table 2). 
The polyp matching of patients whose investigations were both 
complete and adequately prepared was 97% for ≥ 10 mm and 
6–9 mm polyps. CRC or large (≥ 10 mm) polypoid lesions were 
reported in 52 of the 69 patients subsequently diagnosed with 
CRC. All of the remaining diagnoses were made at the subse-
quent flexible sigmoidoscopy or colonoscopy recommended in 
the CCE report because of an incomplete or inadequate exam-
ination. No CRC missed by complete CCE examinations in ade-
quately prepared colons were identified. That a number of CRC 
were reported as large polyps is likely to have been a function of 
data entry of the study design. The electronic case reporting form 
used did not provide an option to include ‘suspected cancer’ as an 
outcome; neither did it request a specific lesion size (limiting the 
data entry of a large polyp to ‘≥ 10 mm’). If there was uncertainty, 
the default was to enter a mass lesion as a ≥ 10 mm polyp, which 
would prompt an urgent endoscopy. Our CRC detection finding 
is similar to that reported in clinical trials, most of which investi-
gate screening or surveillance populations. Meta- analyses found 
that of 64 cancers, 54 were detected, 9 being missed in segments 
not reached by CCE (and detected at subsequent completion 
colonoscopy), only one being missed due to inaccurate sizing of 
a lesion assigning it to a low- risk category [47–50]. During the 
period of follow- up within the study, one patient who underwent 
both colonoscopy and CCE developed an interval CRC.

The cohort 2301 of patients who had both CCE and colorec-
tal endoscopy is not necessarily representative of all patients 
who were recruited, since many did not require onward in-
vestigation. It is, however, free of the selection bias seen in 
the comparative arm of the study. Whilst the per- patient polyp 

sensitivity was 97%, the per- polyp sensitivity was less at 75%–
79%. This likely reflects the difficulty in accurately localising 
the polyp within the colon. Matching required CCE to define a 
polyp as being in the same or adjacent colonic segment and the 
same or adjacent size bracket as was subsequently reported at 
colonoscopy or flexible sigmoidoscopy. This means that poor 
polyp localisation converts a true positive into a combined 
false negative and false positive. The differences in the rela-
tive proportions of polyps seen in the four colonic segments 
between CCE, colonoscopy and CT colonography in the com-
parative study are consistent with this. Although landmark 
recognition is a major focus in the training programme, re-
porters outside the context of a clinical trial may be less con-
cerned about location and instead focus on criteria for onward 
colonoscopy or not. This and differences in definition may ex-
plain why the matched per polyp diagnostic accuracy does not 
meet the 87%–88% compared to colonoscopy in previous stud-
ies [30, 47, 48, 52,]. Whilst onward investigation was indicated 
because of the pathology identified at CCE in two thirds of pa-
tients, CCE was reported as normal in 22% of patients, similar 
to the finding at colorectal endoscopy (23%). Perhaps as reader 
experience develops, clinicians will become more confident in 
relying upon CCE.

The paired findings are supported by the larger comparative 
diagnostic accuracy arm. Here, the prevalence of CRC diag-
noses in CCE patients was half that of those who had colo-
noscopy or CT colonography. However, more ≥ 10 mm polyps 
were detected at CCE. Noting that the three comparative ac-
curacy cohorts were not absolutely risk matched, we conclude 
that the findings reflect the lower absolute prevalence of CRC 
amongst CCE patients [51]. Whilst all patients had been re-
ferred into a suspected CRC pathway, the mix of symptom 

FIGURE 3    |    Utility of CCE as a colonoscopy- sparing adjunct in the suspected CRC pathway.
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complexes, anaemia or palpable mass was different, and the 
FIT and age risk indicators were lower in the CCE cohort. It is 
likely that clinicians selected patients for CCE whom they per-
ceived to be at lower risk of CRC in order to minimise the need 
for onward investigation and thus shorten their diagnostic 
pathway. This selection bias, a consequence of the limitations 
of the pragmatic study design, has not affected the combined 
outcome of CRC, significant polyps and colitis. Indeed, one 
might have anticipated less disease detection in the CCE co-
hort. Importantly, we observed that the effect of the risk fac-
tors—age, sex and FIT on—polyp detection at colonoscopy 
and CT colonography was mirrored at CCE. Accepting that 
a further analysis is required to determine whether patient 
symptomatology influenced the performance of CCE, we con-
clude that our findings are generalisable across the inclusion 
criteria. Few polyp false negative patients were detected in 
those patients whose CCE was paired, and no CRC has since 
been reported in those patients in the comparative arm of the 
study who were discharged after a normal CCE. A registry of 
long- term follow- up data for CCE patients is planned.

The higher per- patient prevalence of polyps ≥ 10 mm at CCE even 
on an ‘intention to investigate’ provides significant reassurance, 
accepting that colonoscopy is the gold standard. Incomplete or 
inadequately prepared CCE may yet safely inform the onward 
management of patients. The observed prevalence of ≥ 10 mm 
polyps detected in the CCE cohort was 1.6–1.8 times higher than 
in the colonoscopy or CT colonography cohorts, when studies 
were complete and adequately prepared. It is likely that, for 
some, the CCE reader support over- estimated polyp size and 
double counting of polyps may occur [47]. This may explain the 
higher prevalence of transverse colonic polyps seen at CCE, con-
sequent upon the capsule shuttling back and forth. Unnecessary 
over- investigation would result. It is, however, likely that CCE 
does detect more significant polyp disease since this observa-
tion is noted on both a per- patient and per- polyp basis. For ex-
ample, for 6–9 mm polyps, 1.6 times more polyps and 1.8 times 
more patients with polyps were identified by CCE than by colo-
noscopy. Recent meta- analysis identified seven studies where 
significant pathology found at CCE and not detected by the 
index colonoscopy prompted a second unblinded colonoscopy. 
Additional polyps, initially missed, were recognised as being 
true positive findings, having been reported as false positives in 
the clinical trials [47]. Whilst CCE is a passive investigation, the 
extended period of mucosal examination over hours, compared 
to the average colonoscopic withdrawal time, being measured in 
minutes, may increase the opportunity for lesion detection. CCE 
may be better suited to polyp detection even in those studies not 
fulfilling the Colon Capsule Clear Score of ≥ 6. CT colonography 
only detected 3% of patients with ≥ 3 polyps compared to 10% at 
colonoscopy and 18% at CCE [53, 54].

The ScotCap study also recorded FIT and age in symptomatic 
patients referred for CCE with suspected CRC [27]. Here, the 
mean age was 59, but the distribution of FIT was likely to have 
been broader than in our evaluation. Of those whose FIT was 
recorded, it was < 10 μg Hb/g faeces in 55%, and for the remain-
ing 45%, the upper end of the FIT range was set at > 100 μg Hb/g 
faeces. Nonetheless, using the composite of CRC, colitis and all 
polyps, a per- patient detection rate of 48% achieved in this study 
was similar to their experience of 51% [36].

Noting the overall polyp detection of CCE in both study arms, 
it seems likely that overall polyp detection by CCE does exceed 
that of colonoscopy and CT colonography. The evidence sug-
gests that a number of false positive polyps will be true positives 
[55, 56]. However, for the future, more accurate characterisation 
of polyps and site localisation of polyps are challenges requiring 
technological support. Certainly, the findings from this evalu-
ation do not suggest that right- sided lesions are missed at CCE 
[57]. Per-patient findings of colitis and diverticulosis had a com-
parable prevalence, accepting the limitations of CT colonogra-
phy in suspected colitis diagnosis [58].

Integral to this study has been the placement of CCE as a filter 
test in the suspected CRC pathway. Its purpose was not only to 
identify those patients with a normal examination who could 
be spared a colonoscopy but also to appropriately inform the re-
quirement and level of risk for onward endoscopic investigation. 
Accepting the high prevalence of disease in older patients with 
a FIT 10–100 μg Hb/g faeces, this prioritising role was a key el-
ement of its filter function. CCE informed the onward manage-
ment of the majority of patients, with only 14% remaining on 
the suspected CRC pathway for colonoscopy, mostly because of 
the pathology detected. Whether this capacity- saving utility is 
sufficient to make CCE cost effective is beyond the remit of this 
observational study. Pragmatic guidance was produced by the 
EAG during the study intended to improve the completion rates 
and bowel preparation adequacy of CCE. Despite this, the per-
formance of CCE was significantly less than that of colonoscopy 
and CT colonography. This may improve with more targeted 
guidance for patients and modified bowel preparation regimes 
[59–61]. Clearly, optimising completion and bowel preparation 
adequacy by appropriate patient selection remains key. The se-
lection bias introduced by clinicians suggests that this was rec-
ognised during the study. Currently, we are unable to determine 
the degree to which the exclusion guidance was adhered to; 
however, a further assessment of patient factors affecting CCE 
performance is awaited. We do observe that filter function con-
clusivity, perhaps the more relevant metric, approached 80% in 
younger men and held around 75% across all ages. Only in older 
women did it fall below 70%.

We conclude that the pragmatic design of this large, multi- site 
English study, with matched and comparative arms, confirms 
that CCE is a safe diagnostic of colorectal disease, unlikely to 
miss significant disease and usefully to act as a filter test, ap-
propriately informing the onward management of the patient in 
a resource- constrained healthcare system. It is likely to overdi-
agnose polyp disease, accepting colonoscopy as the gold stan-
dard. Long- term follow- up data do not yet exist. Because the 
conclusivity of CCE as a filter test, informing onward decision- 
making, is better than the combined completion and adequacy 
measure, it could be seen as offering ‘patient choice’ in the wider 
colorectal diagnostics pathway rather than being constrained 
to the concept of a low pathology prevalence- based ‘sweet- spot’ 
[28]. Lastly, as with CT colonography, CCE can provide diagno-
ses beyond the colorectum, which might enhance its utility for 
many. It is likely that the demand for colonoscopy will continue 
to exceed capacity. The ScotCap experience teaches us that CCE 
can be offered in a range of settings other than an endoscopy 
unit [27]. This may make it more attractive to some patients, and 
we are aware that some sites explored near to and at home CCE 
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during this study. The time to train in CCE reading is weeks 
rather than the years needed to become an expert colonoscopist 
[42]. Further, the availability of cloud technology provides new 
opportunities to bring in additional, accredited staff to support 
a CCE reading service. This large and comprehensive NHS E re-
search evaluation of CCE provides the evidence base to explore 
the benefits that CCE could provide a future colorectal diagnos-
tics service in its aim to diagnose 75% of (colorectal) cancers in 
the early stages by 2028 [62].
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