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Abstract

Background: Video capsule endoscopy (VCE) is an effective, noninvasive

modality for small bowel (SB) investigation. Its usage in the older adults is ris-

ing. However, data in octa-nonagenarians regarding diagnostic yield and

motility are lacking. Our aim was to evaluate and compare safety and efficacy

of VCE between age subgroups of older adult patients.

Methods: This was a retrospective study of prospectively documented data.

All consecutive VCEs of patients ≥65 years (01/2010–12/2017) were included.

Patients unable to swallow the capsule or videos with significant recording

technical malfunction were excluded. The cohort was divided into the younger

group aged 65–79 years old and octa-nonagenarians aged ≥80 years old. Indi-

cations for referral, diagnostic yield and transit times were compared between

groups.

Results: A total of 535 VCEs were performed in 499 older adult patients (51.2%

males); 82.8% were 65–79 years old and 17.2% were ≥80 years old. The ≥80-year-
old group had higher rates of clinically significant findings (52.7% vs. 40.0%,

p = 0.025), active bleeding (12.5% vs. 6.5%, p = 0.053) and angioectasia (36.0%

vs. 23.4%, p = 0.014). Crohn's disease was newly diagnosed in approximately

8% of the entire cohort and 12% of the ≥80 years old. Anemia was the most com-

mon indication in both groups, followed by overt bleeding in the ≥80-year-old
group (25% vs. 9.9% in 65–79-year-old group, p < 0.001) and Crohn's disease in

the 65–79 years old (17.2% vs. 5.4% in ≥80 years old, p = 0.004). Groups

were comparable in transit time and cecal documentation rates.

Conclusions: In octa-nonagenarians, VCE is as safe as in younger older-adults

with a higher diagnostic yield of significant and treatable conditions.

Publications: This study was presented in part in the United European Gastroenterology Week (UEGW) 2018, Vienna, Austria, as a poster
presentation. United European Gastroenterology Journal 2018; 6 (Supplement 1): P1479.
[Correction added after first online publication on October 14, 2022. Figures 3 and 4 have been switched.]
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INTRODUCTION

Video capsule endoscopy (VCE) is an effective noninva-
sive modality for investigating the small bowel (SB).1

Common indications for VCE include investigation of
obscure gastrointestinal (GI) bleeding, suspected or
known Crohn's disease, celiac sprue, protein losing enter-
opathy, polyposis syndromes, SB abnormalities on imag-
ing studies and otherwise unexplained SB symptoms.2

VCE is particularly attractive for the older adult popu-
lation as it is easy to perform, noninvasive, does not
require anesthesia and thus can be completed in an out-
patient setup. Indeed, studies have shown good feasibility
of VCE in patients ≥65 years old, and VCE utilization is
constantly rising in this population.3–6 The diagnostic
yield of VCE in patients >70 years old was shown to be
higher than in the young adult population, with an
impact on the clinical management in up to 85% of
patients with positive findings.6,7 Some studies address
the specific challenges in diagnosis of SB pathologies in
older population (>70 years) such as increased transit
times and newly diagnosed neoplasia.5,8,9 Following the
rising life expectancy and aging of the population, the
proportion of octa-nonagenarians (≥80 years old) is
growing. Being an “older adult” is not a biologic or physi-
ologic characteristic but solely a chronologic one. Never-
theless, there is no one universally applicable definition
or cutoff for the age of older adults. In most medical,
legal and economical definitions, older adults are aged
65 years or older.10 The World Health Organization has
defined two categories for the older adult age group:
>65 years old and oldest-old (≥80).11 In the year 2000 the
percentage of the population aged >65 years was 18%
and it is estimated that by 2050 it could reach 38 per-
cent.12 The aim of our study was to evaluate the safety
and efficacy of SB investigation by VCE in octa-
nonagenarian (≥80 years old) compared to younger older
adults (65–79 years old).

METHODS

Study population

Data regarding all VCE studies of patients age ≥65 years
performed in our center from 1/1/2010 to 31/12/2017
were collected retrospectively. Data retrieved included
age, gender, cause of referral, completion of the study,

quality of bowel preparation, transit times, adverse
events, and findings. Patients referred for investigation
of iron deficiency anemia or GI bleeding were scheduled
for a VCE study only after negative upper and lower
endoscopy studies as recommended by American gastro-
enterological association (AGA) guidelines13 and manda-
torily required by local reimbursement protocols
regardless of patient age. Although retrospectively col-
lected, all data including VCE reports were prospectively
documented. Patients unable to swallow the capsule
were excluded, as were studies with significant recording
technical malfunction. Patients with esophago-gastro-
duodenoscopy (EGD) assisted insertion were included
and the reason for EGD assisted insertion was noted. All
studies were performed with SB PillCam capsules
(GIVEN Imaging, Ltd., Yokneam, Israel). SB2 PillCam
was used in all studies from 1st January 2010 until 1st
May 2014 and SB3 PillCam was used thereafter until the
end of the study (31th December 2017). Our bowel prep-
aration protocol was based on low residue diet, liquid
diet and a 12 h fast as instructed by the manufacturer.
The study was approved by the local Institutional

Key points

• Video capsule endoscopy (VCE) was safely per-
formed in octa-nonagenarians and 65–79 years
old with similar transit times and very low
complication rates.

• A higher diagnostic yield was observed in octa-
nonagenarians compared to the 65–79 years
old, especially regarding diagnosis of active
bleeding and angioectasia.

• Crohn's disease was newly diagnosed in
approximately 8% of the entire cohort and 12%
of the octa-nonagenarians.

Why does this paper matter?

VCE was found to be both safe and effective in
octa-nonagenarians as in younger older-adults.
This study can reassure the referring physicians
encountering an older adult patient with a solid
indication for VCE and capability to perform this
simple ambulatory procedure.
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Review Board (IRB number: 0198-18-TLV), data were
anonymous and informed consent for participating in
the study was waivered. Nevertheless, all patient signed
an informed consent form prior to performing the VCE
study.

Primary and secondary outcomes

Primary outcome was defined as diagnostic yield of the
study according to documentation of clinically signifi-
cant findings. Clinically significant findings included
active bleeding or oxygenated blood, erosions, ulcera-
tions, angioectasias, polyps, masses, and submucosal
lesions (a patient could have more than one significant
finding on a single VCE). Clinically insignificant
findings included small lymphangiectasia, Brunner
gland hyperplasia, local redness, venous bleb etc. We
also collected data regarding incidental VCE findings
in the stomach and colon. Secondary outcomes were
defined as transit times and safety of the procedure.
A complete SB study was defined by cecum visualiza-
tion. Failure to reach the cecum within the VCE
recording time (average of 12 h) and subsequent
interventions (i.e., abdominal X-ray, endoscopic/
surgical capsule removal) were recorded and data of
any adverse events were collected (hospitalization,
surgery, death).

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 25.0 for Windows (SPSS Inc., Chicago, IL). Continu-
ous variables are presented as mean ± SD, while
categorical variables are presented as percentage. The
independent samples t-test was performed to test differ-
ences in continuous variables between the two groups
while the Pearson chi-square was performed to test the
differences in categorical variables. Correlation was eval-
uated by the Pearson correlation coefficient. p value
<0.05 was considered statistically significant for all
analyses.

RESULTS

Study population

During the study period (2010–2017) we performed
547 VCEs in the older adults (≥65 years old), comprising
31.0% of 1765 consecutive studies performed in adults
(age ≥18 years) during this time. Twelve VCEs (2.2%) were

excluded from analysis: two patients (0.4%) could not swal-
low the VCE (both were 73 years old), and in 10 cases
(1.8%) there was a recording malfunction (nine patients
were 65–79 years old and one patient was 83 years old). A
total of 535 included VCE studies were performed in
499 older adult patients, 51.2% were males. Thirty-six
patients (6.7%) performed the VCE twice within the study
period with an average time span of 23.1 months between
VCEs (range 1.05–85.7 months). The VCEs were carried
out in 443 (82.8%) 65–79-year-old patients (median age
71 years) and 92 (17.2%) ≥80-year-old patients (range 80–
93 years, median 83 years) (Figure 1). The prevalence of
male gender was comparable between groups (65–79 years
old—52.1% vs. ≥80 years old—46.7%, p = 0.345) (Table 1).
Three patients with two VCE studies crossed the age cutoff
and therefore were included in both groups (patient 1–79
and 81 years; patient 2–79 and 83 years; patient 3–77 and
84 years).

Indications for VCE

The most common indication for referral was anemia/
obscure occult GI bleeding (63.4%). This was the case in
both age groups (65–79 years old—62.8% vs. ≥80 years
old—66.3%, p = 0.554). However, the second most com-
mon indication, suspected or established Crohn's dis-
ease, was 3-fold more prevalent in the 65–79-year-old
group compared to the ≥80-year-old group [76/443
(17.2%) vs. 5/92 (5.4%), respectively, p = 0.004]. Most of
these patients were referred for investigation of chronic
diarrhea and suspected Crohn's disease (65–79 years
old 66/76 (86.8%) vs. ≥80 years old 4/5 (80%),
p = 0.528) while only 10 patients in the 65–79-year-old
group and one patient in the ≥80-year-old group were
already diagnosed with Crohn's disease. The preva-
lence of obscure overt bleeding for investigation was
2.5-fold higher in the ≥80-year-old group compared to

FIGURE 1 Study flowchart. VCE, video capsule endoscopy
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the 65–79-year-old group (25% vs. 9.9%, p < 0.001)
(Table 1).

Completion rates and transit times

Complete SB endoscopy (i.e., cecal documentation within
12 h of recording on average) was achieved in 515/535
VCEs (96.3%). VCE completion rate was similar between
the groups (65–79 years old—96.8% vs. ≥80 years old—
93.5%, p = 0.132). Of the 20 incomplete VCEs, 15 were last
documented in the SB (65–79 years old (2.3%) vs. ≥80 years
old (5.4%) patients, p = 0.154) while 5 were last documen-
ted in the stomach (four patients—65–79 years old (0.9%)
vs. one patient ≥80 years old (1.1%) patients, p = 1.000).
Three (two patients—65–79 years old and one patient
≥80 years old) of the 15 patients with delayed SB passage
had normal passage of a patency capsule prior to the VCE.

True capsule retention was rare. Video capsule was
cleared in abdominal X-rays performed in 17/20 patients.
Only one patient (0.2%) showed a retained capsule in the
stomach on abdominal X-ray, necessitating EGD assisted
removal of the capsule from the stomach, 28 days after
the capsule swallowing, with no further adverse events.
Two patients with delayed SB passage received verbal
and written instructions to complete abdominal X-ray
and return for follow-up, but did not return to our hospi-
tal, thus data regarding their X-ray findings and out-
comes were not available for analysis. To our knowledge
no patient required hospitalization or surgical interven-
tion and no deaths were recorded.

Twenty patients (4.1% 65–79 years old vs. 2.2%
≥80 years old, p = 0.385) completed a successful patency

(dissolvable) capsule study prior to the VCE. Indications
for patency capsule included suspected stricture
(11 patients 65–79 years old vs. one patient ≥80 years
old), known SB polyps/tumor (one patient 65–79 years
old, one patient ≥80 years old) and prior intestinal sur-
gery (six 65–79-year-old patients).

Gastric and SB transit times were comparable
between the two groups (gastric: 65–79 years old 32.6

TABLE 1 Patients' characteristics

Total (n = 535) 65–79 years old (n = 443) ≥80 years old (n = 92) p value

Male gender, n (%) 274 (51.2) 231 (52.1) 43 (46.7) 0.345

Age (years) 73.4 ± 6.2 71.3 ± 4.1 83.8 ± 3.2 <0.001

Primary indication for VCE, n (%)

Anemia 339 (63.4) 278 (62.8) 61 (66.3) 0.520

Overt bleeding 67 (12.5) 44 (9.9) 23 (25.0) <0.001

Established/suspected Crohn's disease (chronic
diarrhea)

81 (15.1) 76 (17.2) 5 (5.4) 0.004

Radiologic finding 16 (3.0) 15 (3.4) 1 (1.1) 0.239

Weight loss 11 (2.1) 10 (2.3) 1 (1.1) 0.472

Abdominal pain 21 (3.9) 20 (4.4) 1 (1.1) 0.123

Patency capsule, n (%) 20 (3.7) 18 (4.1) 2 (2.2) 0.385

Endoscopy assisted VCE Insertion 6 (1.1) 5 (1.1) 1 (1.1) 0.972

Abbreviation: VCE, video capsule endoscopy.

FIGURE 2 Transit times of video capsule in older adult

patients (p > 0.05). Whiskers, min-max; box, 25%–75%; numbers in

box, median
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± 37.1 vs. ≥80 years old: 33.8 ± 30.9 min, p = 0.775; SB:
65–79 years old 244.4 ± 84.9 vs. ≥80 years old 249.2
± 94.9 min, p = 0.635) (Figure 2). In fact, there was no
correlation between age in years and gastric transit time
(r = 0.014, p = 0.752) or age in years and SB transit time
(r = 0.032, p = 0.465).

The capsule was introduced into the SB via EGD in
six patients (1.1%, five patients 65–79 years old and one
patient ≥80 years old). Indications for EGD were as fol-
lows in 65–79-year-old group (one indication per patient):
prior VCE with delayed gastric passage, large hiatus her-
nia, stricture of the hypopharynx after radiation therapy,
previous pancreaticoduodenectomy, and previous gastric
banding procedure. The indication for EGD of the
≥80-year-old patient was not recorded.

The quality of preparation was satisfactory (good or
mildly impaired) in more than 85% in both groups of
patients (65–79 years old 86.6% vs. ≥80 years old 86.8%,
p = 0.949) (Figure 3).

VCE findings

The prevalence of positive VCE studies (any findings)
was higher among the ≥80-year-old group compared to
the 65–79-year-old group (67.0% vs. 51.5%, respectively,
p = 0.007). Importantly, this was also the case for clini-
cally significant findings (52.7% vs. 40.0%, p = 0.025).
Bleeding or non-bleeding angioectasias were the most
prevalent finding in both groups, but were more preva-
lent among ≥80-year-old patients (36.0% vs. 23.4%,
p = 0.014). Active bleeding on VCE was also observed
more frequently in ≥80-year-old patients compared to
65–79 years old (12.5% vs. 6.5%, p = 0.053). Of the
28 VCE studies demonstrating active bleeding in 65–
79-year-old patients, four were related to ulcers/

inflammation, one was attributed to parasitic infection
and 23 were of unknown origin. In the ≥80-year-old
patients' group, one of 11 VCE studies with active bleed-
ing was related to established Crohn's disease and 10 were
obscure. In one obscure bleeding study performed in
81-year-old patient, fresh blood was observed in the
colon, although colonoscopy performed 4 months earlier
revealed only 2 tubular adenomas that were resected.
Colonoscopy was repeated 1 month after VCE, and
revealed a circular mass that was surgically resected and
found to be a necrotizing adenocarcinoma. This patient
has just celebrated his 90th birthday. Further details
regarding the patients diagnosed with active bleeding
(location, cause, outcome, etc.) can be found in Supple-
mentary Table S1.

The prevalence of findings compatible with Crohn's
disease (edema, erythema, typical ulcers, and strictures in
the SB) was similar between groups (65–79 years old 9.3%
vs. ≥80 years old 13.3%, p = 0.246) (Figure 4). Further-
more, findings suggestive of new onset older adults'
Crohn's disease were documented in 45/535 patients
(8.4%) and the prevalence was comparable between the
older adults' subgroups [65–79 years old 34/443 (7.7%)
vs. ≥80 years old 11/92 (12.0%), (p = 0.213)]. Extensive
SB involvement (≥2 SB segments) was recorded in 62.2%
of newly diagnosed patients, while 40% presented with
medium to large diameter ulcers, suggestive of moderate
to severe disease activity. Of the 45 newly diagnosed
patients, follow-up records were available for 27 patients
(60%). Half of these records disclosed new diagnoses of
Crohn's disease (ICD-10-CM Diagnosis Code K50) and
changes in treatment paradigm as a result of the VCE
report.

FIGURE 3 Quality of bowel preparation in older adult patients

FIGURE 4 Video capsule endoscopy (VCE) findings in older

adult patients
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Although VCE is designed to detect pathologies pri-
marily in the SB, 8 (1.5%) older adult patients, all referred
to VCE due to obscure GI bleeding, had a significant
pathologic finding in the colon or the stomach. Three
VCEs showed a suspicious colonic mass with active
bleeding (all in 65–79-year-old patients). Three patients
had fresh colonic bleeding of unknown origin, with nor-
mal or near normal SB study (two patients 65–79 years
old and one patient ≥80 years old). One patient had
colonic angiodysplasia and one had a suspected gastric
mass, only one of the eight patients had a synchronous
SB finding on VCE—a non-bleeding angioectasia. Endo-
scopic follow-up of these eight patients revealed a malig-
nant mass of the right colon in four patients (one
75 years patient had two synchronous adenocarcinomas
in the cecum and the ascending colon). The gastric mass
was a large eroded hyperplastic polyp which was
removed endoscopically. One patient had a normal ileo-
colonoscopy after suspected colonic bleeding, and two
patients did not continue investigation.

DISCUSSION

VCE is performed for suspected SB pathology usually
after negative upper and lower endoscopy.14 VCE is sim-
ple to perform and has a good safety profile and a high
diagnostic yield. These parameters are especially impor-
tant in the older adult population that often suffers from
substantial comorbidities. Prior studies have demon-
strated a higher yield of VCE in patients aged 75 years or
more, compared to the younger population (40–74 years),
especially for obscure GI bleeding.15 The diagnostic yield
in even-younger patients (<50) with iron deficiency ane-
mia and negative bidirectional endoscopy was lower
(32.3%).16

To our knowledge, this study is the first to character-
ize VCE performance in subgroups of older adult
patients. Specifically, we compared octa-nonagenarians
to younger older-adult populations to assess indications,
quality of preparation, safety, and the diagnostic yield.
Importantly, findings compatible with obscure overt GI
bleeding (non-bleeding angioectasia and overt bleeding
on VCE) were much more common in the ≥80-year-old
group suggesting a higher yield for VCE in investigating
obscure GI bleeding in this population.

Indications for VCE in older adults differ from VCE
indications among younger patients. A study from
Greece showed that young patients (<40 years) were
mostly referred for evaluation of chronic diarrhea and
suspected Crohn's disease (56.3%) while older adult
patients (≥65 years) were referred mostly for evaluation
of obscure GI bleeding (88.5%).17 This difference was

evident even within our cohort of older adult patient sub-
groups: obscure overt GI bleeding was 2.5 times more
common among octa-nonagenarians than among youn-
ger older-adult patients (p < 0.001).

We did not find any difference in transit times
between the 65–79-year-old patients and ≥80-year-old
patients, and no correlation was observed between age
and transit times. Although the propagation velocity of
phase 3 of the migrating motor complex (MMC3) is
slower in older adults18 the patterns of motility and the
transit times appear to be maintained in the SB with
aging19,20 in keeping with our findings. The safety of the
procedure was highly satisfactory, with only one of the
535 procedures performed (0.2%) resulting in true capsule
retention in the stomach that was accessible for removal
by EGD without any further adverse events. Only six
patients required capsule insertion through EGD, mostly
in the 65–79-year-old group and for abnormal anatomy
and all EGDs were uneventful. According a 10-years
study in a tertiary UK referral center, 50% of angioecta-
sias were identified within the first 10% of SB transit
time.21 In our cohort, although EGD and colonoscopy are
mandatory prior to VCE, most lesions were proximal as
well (see supplementary file). Nevertheless, the vast
majority of procedures following the VCE were either
push enteroscopy (performed with a colonoscope) or
balloon-assisted enteroscopy. Thus, EGD alone prior to
the VCE study would not be enough. However, perhaps
more effort should be done made in the acute setting to
reach a deeper endpoint, or VCE can be considered as
first line in selected cases of occult bleeding in order to
increase the pre-test probability of the upper endoscopy.

Crohn's disease's prevalence is rising in the older
adult population, due to increase in incidence and in
overall life expectancy.22,23 Yet, accumulating comorbid-
ities such as diverticular disease, bowel ischemia, use of
non-steroidal anti-inflammatory drugs (NSAID's), infec-
tious and microscopic colitis, and other conditions that
mimic inflammatory bowel disease, create a diagnostic
challenge and might delay Crohn's disease diagnosis in
older adult patients.24 Chao et al. described newly diag-
nosed Crohn's disease by VCE in 8/197 (4.1%) older adult
patients (age >70 years) evaluated for any indication.25

Looking at our entire cohort, 8.4% of VCE studies had SB
findings compatible with newly diagnosed Crohn's dis-
ease. The prevalence of newly diagnosed Crohn's disease
among ≥80-year-old group was even higher, accounting
for 12% of this age subgroup. This difference can be par-
tially explained by the indications for VCE. Approxi-
mately 94.7% of VCEs were performed for obscure GI
bleeding and 5.3% for abdominal symptoms in Chao's
cohort, as opposed to 72.9% and 19.0% respectively in
ours. We acknowledge the fact that the diagnosis of
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Crohn's disease was based on video findings and not on
histology and that there is a substantial differential diag-
nosis. However, more than half of the follow-up records
we recovered demonstrated an adoption of the Crohn's
disease diagnosis and initiation of appropriate treatment
as a result of the VCE study findings. This finding stres-
ses the importance of SB investigation for abdominal
symptoms in older adults.

Guidelines for investigation of obscure GI bleeding
state that VCE should follow negative upper and lower
endoscopies.14 The new AGA guidelines13 emphasize that
uncomplicated asymptomatic patients can be treated
with iron supplementation over routine use of VCE; how-
ever, this is irrelevant to our older adults' cohort. More-
over, when discussing the necessity of a diagnostic
procedure among older adults, the question of futility is
pertinent. The most commonly cited definition for medi-
cal futility was published by Schneiderman et al.: “Physi-
cians should distinguish between an effect which is
limited to some part of the patient's body, and benefit
which the patient has the capacity to appreciate and
which improves the patient as a whole.”26 Moreover, the
utility of a test or a study should not be assessed by
health professionals alone but also by the patients and
their families according to their preferences and priorities
differing from one to another in terms of personal, cul-
tural, and religious values. Thus, futility of VCE studies
which are simple to perform and bear a highly safety pro-
file should not be determined by the rate of ensuing treat-
ments but on the diagnostic yield. It is also important to
keep in mind that among the older adult population a
negative study is as important and useful as a positive
study. In a meta-analysis by Yung et al. the pooled rate of
rebleeding after negative VCE was substantially lower
than after positive VCE. Hence, negative VCE studies
resulted in low risk of rebleeding and could be managed
with close monitoring alone.27

Another valuable outcome was the non-SB clinically
significant findings. Surprisingly, we found that within
1–25 months from non-diagnostic colonoscopy, four
patients were diagnosed with adenocarcinoma of the
ascending colon and one had a bleeding hyperplastic
polyp in the stomach. A previous study demonstrated sig-
nificant colonic finding in 2.4% of SB-VCEs, of which
25% were the sole finding on VCE, with active bleeding
and polyps constituting 46%.28 Another study demon-
strated significant gastric lesions in 19% of VCEs, mostly
erosions and gastritis (58%) but also polyps and tumors in
9%.29 A study in inpatients with melena or severe iron
deficiency found that even after negative bidirectional
endoscopy, VCE found significant gastric findings among
16.8% of patients and significant colonic findings among
12.6% of patients.30 These studies along with our findings

emphasize the importance of reviewing the entire record-
ing track of VCE to avoid missing significant lesions. In
our cohort the gastric and colonic findings were the sole
finding on VCE in 7/8 (88%) of these patients.

Our study has several limitations. We could not retro-
spectively assess the frailty score of our patients. There is
no gold standard for diagnosing frailty and numerous
frailty screening tools and scores were found valid31–33

mostly requiring clinical- and/or physical performance
assessment. Our VCE service is a tertiary referral center,
and the studies are performed by ambulatory patients
who sign an obligatory informed consent form prior to
the study. The entire cohort was capable of arriving at
the clinic after appropriate preparation, to sign an
informed consent form and to perform simple instruc-
tions at home for the rest of the day. All of this support
the notion our cohort was rather fit and healthy as far as
frailty assessment is concerned. Moreover, we could not
recover sufficient data regarding previous endoscopies,
yet, in patients too frail to undergo endoscopy for investi-
gating and treating obscure GI bleeding, completion of a
VCE study would be futile. Another limitation of a ter-
tiary referral center is that most patients are referred
through the “open access” approach. Therefore, data
regarding further management of VCE findings might be
incomplete or missing. However, the merit of VCE stud-
ies cannot be narrowed to ensuing invasive treatments
alone but also to the reassurance of patients and physi-
cians through negative studies, insignificant findings or
non-accessible significant findings. Therefore, further
treatments were not defined as a secondary outcome in
the study. As for patient characteristics, it is possible that
the ≥80-year-old group have more comorbidities and/or
medications taken on a regular base compared to the 65–
79-year-old group and this could be one reason for the
increased prevalence of significant findings. However,
the purpose of the study was to evaluate the safety and
efficacy of the VCE in this age group and not to investi-
gate the etiology of the findings.

In conclusion, VCE is a safe and simple procedure
with a high diagnostic yield, not limited by altered motil-
ity in older adult patients. The yield of VCE rises with
age with no additional safety concerns. Moreover, due to
the significant findings in the colon and stomach, we
would suggest assuring high quality negative upper and
lower endoscopy before VCE, but also reading the entire
recording including the stomach and colon for unsus-
pected severe pathologies even though the algorithm of
SB-VCE is designed for investigating only the SB.

AUTHOR CONTRIBUTIONS
Tamar Thurm: analysis and interpretation of the data;
drafting of the article, final version approvement.

2964 THURM ET AL.



Nathan Gluck: critical revision of the article for impor-
tant intellectual content, final version approvement.
Orly Barak: critical revision of the article for impor-
tant intellectual content, final version approvement.
Liat Deutsch: conception and design; analysis and
interpretation of the data; drafting of the article; criti-
cal revision of the article for important intellectual
content; final version approvement.

FUNDING INFORMATION
The authors declare no funding was received for this
study.

CONFLICT OF INTEREST
The corresponding author, Liat Deutsch, is consultant for
“Given Imaging,” yet the company was not involved in
the study in any way.

Authors Orly Barak, Nathan Gluck, and Tamar
Thurm declare no Conflict of Interests for this article.

SPONSOR'S ROLE
No funding was received for this study.

ORCID
Liat Deutsch https://orcid.org/0000-0001-5022-4318

REFERENCES
1. McAlindon ME, Ching HL, Yung D, Sidhu R, Koulaouzidis A.

Capsule endoscopy of the small bowel. Ann Transl Med. 2016;
4:369.

2. Lazaridis LD, Tziatzios G, Toth E, et al. Implementation of
European Society of Gastrointestinal Endoscopy (ESGE) rec-
ommendations for small-bowel capsule endoscopy into clinical
practice: results of an official ESGE survey. Endoscopy. 2021;53:
970-980.

3. Koulaouzidis A, Rondonotti E, Karargyris A. Small-bowel cap-
sule endoscopy: a ten-point contemporary review. World J Gas-
troenterol. 2013;19:3726-3746.

4. Robertson AR, Koulaouzidis A, Brindle WM, Robertson AJ,
Plevris JN. Small bowel angioectasia as a marker of frailty and
poor prognosis. Endosc Int Open. 2020;8:E953-E958.

5. Girelli CM, Maiero S, Porta P, Cannizzaro R. Small bowel cap-
sule endoscopy performance in octogenarians: a case-control
study. J Gerontol A Biol Sci Med Sci. 2011;66:68-73.

6. Urgesi R, Cianci R, Pagliari D, et al. Is capsule endoscopy
appropriate for elderly patients? The influence of ageing on
findings and diagnostic yield: an Italian retrospective study.
Dig Liver Dis. 2015;47:1086-1088.

7. Alexander Robertson DY, Plevris J, Koulaouzidis A. PWE-101
capsule endoscopy in octogenarians. Gut. 2018;67:A168.

8. Tsibouris P, Kalantzis C, Apostolopoulos P, Alexandrakis G,
Mavrogianni P, Kalantzis N. Capsule endoscopy findings in
patients with occult or overt bleeding older than 80 years. Dig
Endosc. 2012;24:154-158.

9. Sidhu R, McAlindon ME, Drew K, Hardcastle S, Cameron IC,
Sanders DS. Evaluating the role of small-bowel endoscopy in

clinical practice: the largest single-centre experience. Eur J
Gastroenterol Hepatol. 2012;24:513-519.

10. Singh S, Bajorek B. Defining ‘elderly’ in clinical practice guide-
lines for pharmacotherapy. Pharm Pract. 2014;12:489.

11. World Health Organization. Men, Ageing and Health: Achieving
Health Across the Life Span; 2001.

12. Rudnicka E, Napierala P, Podfigurna A, Meczekalski B,
Smolarczyk R, Grymowicz M. The World Health Organization
(WHO) approach to healthy ageing. Maturitas. 2020;139:6-11.

13. Ko CW, Siddique SM, Patel A, et al. AGA clinical practice
guidelines on the gastrointestinal evaluation of iron deficiency
anemia. Gastroenterology. 2020;159:1085-1094.

14. Gerson LB, Fidler JL, Cave DR, Leighton JA. ACG clinical
guideline: diagnosis and management of small bowel bleeding.
Am J Gastroenterol. 2015;110:1265-1287. quiz 1288.

15. Perez-Cuadrado-Robles E, Zamora-Nava LE, Jimenez-
Garcia VA, Perez-Cuadrado-Martinez E. Indications for and
diagnostic yield of capsule endoscopy in the elderly. Rev
Gastroenterol Mexico. 2018;83:238-244.

16. Yung DE, Rondonotti E, Giannakou A, et al. Capsule endos-
copy in young patients with iron deficiency anaemia and nega-
tive bidirectional gastrointestinal endoscopy. United Eur
Gastroenterol J. 2017;5:974-981.

17. Angelos A, Papadopoulos KT, Kalantzis C, et al. Effects of age-
ing on small bowel video-capsule endoscopy examination.
Am J Gastroenterol. 2008;103:2474-2480.

18. Husebye E, Engedal K. The patterns of motility are maintained
in the human small intestine throughout the process of aging.
Scand J Gastroenterol. 1992;27:397-404.

19. Madsen JL, Graff J. Effects of ageing on gastrointestinal motor
function. Age Ageing. 2004;33:154-159.

20. Remond D, Shahar DR, Gille D, et al. Understanding the
gastrointestinal tract of the elderly to develop dietary
solutions that prevent malnutrition. Oncotarget. 2015;6:13858-
13898.

21. Davie M, Yung DE, Douglas S, Plevris JN, Koulaouzidis A.
Mapping the distribution of small bowel angioectasias. Scand J
Gastroenterol. 2019;54:597-602.

22. Shivashankar R, Tremaine WJ, Harmsen WS, Loftus EV Jr.
Incidence and prevalence of Crohn's disease and ulcerative
colitis in Olmsted County, Minnesota from 1970 through 2010.
Clin Gastroenterol Hepatol. 2017;15:857-863.

23. Kim D, Taleban S. A comprehensive review of the diagnosis
and pharmacological management of Crohn's disease in the
elderly population. Drugs Aging. 2019;36:607-624.

24. Wagtmans MJ, Verspaget HW, Lamers CB, van Hogezand RA.
Crohn's disease in the elderly: a comparison with young adults.
J Clin Gastroenterol. 1998;27:129-133.

25. Chao CY, Duchatellier CF, Seidman EG. Unsuspected small-
bowel Crohn's disease in elderly patients diagnosed by video
capsule endoscopy. Diagn Ther Endosc. 2018;2018:9416483.

26. Schneiderman LJ, Jecker NS, Jonsen AR. Medical futility: its
meaning and ethical implications. Ann Intern Med. 1990;112:
949-954.

27. Yung DE, Koulaouzidis A, Avni T, et al. Clinical outcomes of
negative small-bowel capsule endoscopy for small-bowel bleed-
ing: a systematic review and meta-analysis. Gastrointest Endosc.
2017;85:305-317.e302.

28. Peeraphatdit T, Kijsirichareanchai K, Kumutpongpanich T,
Kue-A-Pai P, Sul J, Jutabha R. Significant colonic findings on

SAFE AND EFFECTIVE VCE IN OCTA-NONAGENARIANS 2965

https://orcid.org/0000-0001-5022-4318
https://orcid.org/0000-0001-5022-4318


small bowel capsule endoscopy following non-diagnostic colo-
noscopy. Am J Gastroenterol. 2011;106:S534.

29. Juanmartinena Fernandez JF, Fernandez-Urien Sainz I,
Zabalza Ollo B, et al. Gastroduodenal lesions detected during
small bowel capsule endoscopy: incidence, diagnostic and ther-
apeutic impact. Rev Esp Enferm Dig. 2018;110:102-108.

30. Yung DE, Koulaouzidis A, Douglas S, Plevris JN. Earlier use of
capsule endoscopy in inpatients with melena or severe iron
deficiency anemia reduces need for colonoscopy and shortens
hospital stay. Endosc Int Open. 2018;6:E1075-E1084.

31. Aguayo GA, Donneau AF, Vaillant MT, et al. Agreement
between 35 published frailty scores in the general population.
Am J Epidemiol. 2017;186:420-434.

32. Buta BJ, Walston JD, Godino JG, et al. Frailty assessment instru-
ments: systematic characterization of the uses and contexts of
highly-cited instruments. Ageing Res Rev. 2016;26:53-61.

33. Kim DH. Measuring frailty in health care databases for clinical
care and research. Ann Geriatr Med Res. 2020;24:62-74.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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