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Abstract

Background
Life expectancy and the number of ultra-octogenarians increased significantly, thus making crucial the
appropriateness of several endoscopic procedures in elderly patients. The aim of our study was to
provide a retrospective analysis of the efficacy and safety of capsule endoscopy in patients aged over 80
years.

Patients and Methods
In this single-centre study, 900 patients underwent capsule endoscopy between 2002 and 2015 for
different indications; of these 106 patients aged ≥ 80 years (group A) and 99 patients aged 40–60 years
(control group B) were randomly selected.

Results
Occult gastrointestinal bleeding accounted for 62.1% of all indications for capsule endoscopy in group B,
compared to 95.2% in group A (p < 0.001). Although not statistically significant, the diagnostic yield was
higher in group A (71%) vs. group B (62%). The percentages of reaching the cecum and the median
gastric transit time were uniform within the two groups. In contrast, small bowel transit time was longer in
group A vs. B. Small bowel preparation was similar in the two groups. The exam was generally well
tolerated in both groups, with capsule aspiration being one of the main adverse events, which occurred in
two elderly patients.

Conclusions
Our data expand previous findings confirming that capsule endoscopy can be performed safely even in
very old patients and show that the diagnostic yield is similar to that of younger patients.

Introduction
Over the past century, a remarkable change in population demographics has been observed worldwide.
Life expectancy has increased and the number of subjects considered old (> 65 years) has been
estimated to increase from 900 million to two billions by 2050. Currently 125 million people are aged over
80 years [1] and the number is expected to increase. Among the European countries, Italy and Germany
have the oldest population with 19% of the inhabitants over 65 years and 5% over 80 [2]. These
demographic changes have an impact not only on society but also on health policies. For example, in
2006 the American Society of Gastrointestinal Endoscopy (ASGE) has published a guideline on the
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appropriate use of endoscopy in geriatric patients [3] and the appropriateness and safety of several
endoscopic procedures have been investigated in ultra-octogenarians [4–5].
Capsule endoscopy (CE), approved in 2000 by the Food and Drug Administration, has seen a rapid
increase in its use because of major diagnostic advantages over other techniques (i.e. radiology) [6].
However, few studies have explored the efficacy and safety of capsule endoscopy in octogenarians [7–9].
In this study, we analysed retrospectively the diagnostic yield, safety, spectrum of small bowel diseases,
intestinal transit time, the success rate in reaching the cecum of CE and the bowel preparation in a group
of patients over 80 years compared to those between 40 to 60 years.

Patients And Methods
This is a single-centre, retrospective study carried out at the Department of Gastroenterology of the
University Hospital in Ferrara (Italy), where more than 900 patients underwent CE between 2002 and
2015. Of these 900 patients we randomly selected and extracted the data of 106 patients over 80 years
(group A) and 99 patients between 40–60 years (control group B). While initially all patients undergoing
CE were hospitalized, since 2009 the majority were outpatients. Despite the CE’s manufacturer suggests
only one overnight fasting before the procedure, most patients (> 90%) ingested two litres of polyethylene
glycol (PEG) solution the day before. In group A, 4 patients did not receive bowel preparation vs. 12
patients in group B (p = 0.06; n.s.). No prokinetics drugs or simethicone were administered before the
ingestion of the CE. About 80% of the procedures were performed using the Pillcam SB® (Given Imaging
Israel System; software Rapid v 6.5, Pillcam SB2) and 20% using the MiroCam®, Intromedic Company,
South Korea system. The two types of capsule were distributed as follows: group A, 75 cases were
performed using Pillcam and 31 with MiroCam vs. group B, 80 cases with Pillcam and 19 with MiroCam.
The batteries of these capsules last 8 hours and 12 hours, respectively. All patients provided a written
informed consent before undergoing CE. The intestinal cleanliness was graded according to a 3-point
scale [10]: 0, if no bubbles and/or dark fluid were found; 1, if bubbles and/or dark fluid partly obscured the
view; and 2, if bubbles and/or dark fluid obscured the view. We retrospectively reviewed the CE reports
and collected data on the diagnostic yield, findings, gastric transit time (GTT), small bowel transit time
(SBTT) (using the reader’s timer), rate of success in reaching the cecum and complications reported in
each group. Finally, the level of bowel cleanliness was compared in the two groups. The GTT was defined
as the time elapsed between the first gastric image and the first duodenal image. The SBTT was defined
as the time elapsed between the first duodenal image and the first cecal image. We excluded from the
analysis of SBTT those patients in whom the capsule did not reached the cecum. Significant findings
were considered all lesions found in the small bowel that can explain the patient’s symptoms or abnormal
findings. All CEs procedures were independently reviewed by two of the authors (A.P. and N.F.) who have a
long experience in CE evaluation and interpretation (> 400 CE performed). From 2006, all CE findings were
labeled using the Capsule Endoscopy Structured Terminology classification [11].

Statistical analysis
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Statistical analyses were performed using the Statistical package for the Social Sciences (SPSS) rel.13.0.
The following analyses were performed: frequency distribution; contingency tables with chi-square test to
evaluate the difference between the two age groups (for categorical variables, i.e. indication to CE and
diagnostic yield); Kolmogorov-Smirnov non-parametric test for the goodness of fit to test the distribution
of the transit times; Mann-Whitney non parametric-test to assess the difference in GTT (not normally
distributed, and log-10 transformed for the graphic representation) in both groups; the one-way analysis
of variance (ANOVA) to test the difference of SBTT (normally distributed) between the age groups. Finally,
to evaluate the difference between age groups concerning the different categories of indication to CE and
diagnostic yield, we performed pairwise comparisons of proportions by using the Primer of Biostatistics
(7th edition). Statistical significance was set at p < 0.05.

Results
Patients’ characteristics and indications for CE
In total, 205 patients were included in the study. Overall, the mean age was 67.8 ± 17.4 years (range 40-94
years, median 80 years) and 114 of them were males (55.6%). In group A (106 patients) the mean age
was 83.8 ± 3.2 vs. 50.7 ± 6.4 years in group B (99 patients). No significant difference in gender was
observed (50.9% males in group A vs. 60.6% in group B). Patients affected by diabetes were 15 in group A
(14%) and 10 (14%) in group B. Generally, the primary indication for CE was obscure gastrointestinal
intestinal bleeding (OGIB) in 158 cases (77%), of which 18% of overt type. Suspected Crohn’s disease was
one of the most frequent indications for CE (8 cases, 3.9% of the total). In 39 cases the primary indication
to CE was: hematochezia (12 cases, 5.9%), abdominal pain (8 cases, 3.9%), unexplained diarrhea (7
cases, 3.5%), polyposis syndrome (Gardener, Peutz-Jeghers and familial adenomatous polyposis) in 6
cases (2.9%); in 6 cases the indication was missing (2.9% of the study group) and we excluded these
patients from the final analysis. The primary indication for CE significantly differed between the two age
groups (p<0.001). In details, OGIB accounted for 62.1% of indication for CE in group B (40 cases obscure
bleeding, 42.1%, and 19 overt type, 20%) compared to 95.2% in group A (p<0.001), with 81 cases of OGIB
(77.9%) and 18 overt type (17.3%). The 8 cases of suspected Crohn’s disease were all in group B, likewise
the miscellanea of minor indications for CE with exception for hematochezia (7 in group B vs. 5 in A).
Data are summarized in Table 1.

Diagnostic yield and findings
Overall, we found positive findings in 131 cases with a diagnostic yield of 63.9%. Although not
statistically significant, the diagnostic yield was higher in group A (71%) than in B (62%). Angiectasias
(Figure 1) were the most common finding (22.4% of the total) and were statistically more frequent in the
aged group than in the younger one (group A, 34.3% vs. 11.6% in B; p<0.001). Ulcers/erosions were the
second more frequent finding (18% of the total), and their prevalence did not differ significantly between
group A (22%) and B (16%). Endoscopic features suggestive of Crohn’s disease (Figure 2) were present in
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only one patient in group A vs. 6 patients in B. Two small bowel tumors (1 adenocarcinoma e 1
lymphoma) were diagnosed in the group B. The other findings (miscellanea of aspecific intestinal
inflammation, lipomas, hypertensive enteropathy and ischemic enteropathy) were statistically more
frequent in the younger group. Data are summarized in Table 2.

Completeness of CE and intestinal transit time
CE reached the cecum in 149 patients (72.7%). There was no difference within the two age groups in
terms of success in reaching the cecum (77 cases, 72.6% in group A vs. 72 cases, 72.7% in B). The
median value of GTT (not normally distributed) was 20 minutes (25th-75th percentiles 10-55) and did not
significantly differ between the two age groups (18 min in group A vs. 23 min in B) (see Fig. 3). The mean
value of SBTT (normally distributed) was 293 ± 115 min (median 278 min, 25th-75th percentiles 218-360).
Conversely to GTT, SBTT was significantly longer in group A than in group B (mean 312 ± 122 min vs. 42
± 72 min, respectively, p=0.04 by ANOVA) (see Fig. 4). Data are summarized in Fig. 3 and 4.

Intestinal cleanliness and complications
Small bowel cleanliness was similar in both groups; globally 74.2% of the study group had a grade score
0 to 1. We did not observe any case of capsule retention, but two cases of capsule aspiration (1.8%) in
the bronchial system [12] occurred in the aged group. One patient aged 86 years was not able to swallow
the capsule. Finally, 3 patients in group A had a cardiac pacemaker; this condition is a relative
contraindication to CE, but according to recent evidence we performed the CE procedure and no
complications occurred [13-14].

Discussion
Our data expand previous experiences and confirm that CE can be performed safely even in very old
patients. Moreover, our study showed that the diagnostic yield is similar, although not statistically
significant, to that of younger subjects. We did not find any difference in terms of completeness of bowel
preparation score for CE. In our study, OGIB is the main indication to CE in aged group confirming the
results of similar studies [7–8]. The finding of CE performed in elderly patients can be explained by
epidemiological factors showing that bleeding-related anemia in subject older than 80 years reaches an
incidence of 350 cases per 100.000 person / year [15]. Furthermore, in 5% of cases the cause of bleeding
was not identified and this percentage increases to 15–20% in elderly patients [16]. The second most
common indication to CE is the suspect of an underlying Crohn’s disease [17]. As expected, this diagnosis
has been established in group B since this disease is more common in young people, confirming the
result reported by Papadopulos et al. [18]. However, the diagnostic yield did not significantly differ
between older and younger patients, according to Girelli et al., who compared patients ≥ 80 years old with
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those younger than 80 years [7]. In the study of Gomez et al. [8], the diagnostic yield was higher in the
group of patients aged > 80 years (73% vs. 53%). This trend was confirmed in previous studies [19–21] in
which the increasing age positively correlated with a diagnostic yield of CE mainly due to the higher
incidence of angiodysplasias in elderly patients. Indeed, similarly to other authors [8, 9, 17], we found that
angiectasias was the most common finding, more prevalent in older than younger patients. The
increasing incidence of vascular abnormalities in the intestinal wall with age is a well known
phenomenon and these lesions are responsible for a significant portion of intestinal bleeding in older
patients [22, 23]. A high production and release of angiogenic factors has been reported to occur with
increasing age, and this feature can play a role in angiectasias [24].
As expected, all cases of Crohn’s disease have been found in group B, but due to the small number of
cases we did not find any statistically significant difference between the two groups. Small bowel tumors
are rare [25], indeed we detected only two cases (1% of all study group) in the young group. This
prevalence is similar to that reported in a multicenter study involving 5129 patients undergoing CE (on
average 2.4%, but varies between 0.75% and 9.3%). However, neoplastic lesions may present with obscure
gastrointestinal bleeding even in young patients as reported by Koulauzidis et al. [26], a finding not
confirmed by others [7, 8]. In our study, ulcers and erosions were similar in the two groups although more
prevalent in the aged group. We do not have information about the patients’ consumption of nonsteroidal anti-inflammatory drugs (NSAID), including low-dose aspirin. Nonetheless, it is worth mentioning
that the 21% of inflammatory lesions found in group A is similar to the percentage detected in healthy
subjects undergoing CE [27, 28]. Other findings were significantly more prevalent in group B, probably
because the miscellanea of minor indications for CE was mainly observed in this group.
As in other studies [8, 9, 18], we found no difference between the two groups on the number of CEs that
reached the cecum. In the study by Girelli et al. [7] the elderly patients presented a lower rate of
completion of CE (74% vs. 89%), which was attributed to a high number of elderly patients affected by
non-specific abnormalities of esophageal and gastric motility. The overall percentage of 72.7% of CE
reaching the cecum found in our study is slightly lower compared to that found in other studies (from 77
to 100%) [8, 9, 18, 20]. A possible explanation could be that the use of CE in early years of this procedure
was performed mainly to inpatients requiring bed rest, a condition likely impairing the rate of completed
CE. Moreover, we do not use routinely prokinetic drugs before swallowing CE (in contrast to 16% of
patients enrolled by Girelli et al.). However, there is no doubt that the completion of CE is a crucial point in
achieving a good diagnostic yield and that increasing efforts should be made to optimize a complex and
expansive procedure such CE. Similarly to previous studies, we did not find significant differences in the
GTT between the two groups, whereas, compared to other studies, we showed a longer SBTT. Age-related
neurodegenerative abnormalities in the enteric nervous system have been observed in some animal
models [29] and these changes can explain the slower SBTT in elderly patients. The presence of blood in
the gut lumen is known to exert a cathartic effect that decreases the intestinal transit time [30]. Moreover,
half of the patients in the Papadopulos et al.’s study received sodium phosphate as bowel preparation,
which accelerates CE transit through the ileum [31]. However, we observed that a delayed SBTT did not
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influence the rate of completeness of CE examination. The technological improvement of new longactivity batteries allowed us to register the whole SBTT.
We found that the level of bowel preparation in the two groups was similar. The evidence in the literature
on this topic is controversial; Tsibouris et al. showed that the level of bowel preparation was worst in the
aged group [9], while Papadopulos et al. demonstrated a borderline significant trend for poor bowel
preparation in patients over 64 vs. under 40 and 40-64-year-old patients [18]. Gomez, conversely, did not
find statistically significant difference between patients aged ≥ 80 and those < 80 years of age [8]. These
discordant results could be due to the different doses / volume / type of agents used for the bowel
preparation (e.g., PEG 2 L or 4 L or NaP) or even the absence of bowel preparation (early years of CE).
Nowadays, bowel preparation before CE is recommended because it increases the diagnostic yield [32,
33].
Complications were very rare; no case of capsule retention was observed in the two groups. The reported
capsule retention rate is about 1% [34], although in some studies including patients with Crohn's disease
the percentage increases to 7% [35]. Only 8 patients underwent CE for suspected Crohn's disease. In
addition, we made a strict selection of the patients who could perform CE (many of them underwent
radiological procedures or patency capsule in order to exclude the presence of stenosis), thus preventing
the capsule retention. Similarly, in Tsibouris et al.’s study no cases of capsule retention was observed in
the two groups. Gomez et al, in their large sample size (195 patients age > 80 years and 585 patients < 80
years old) study, observed 2 cases of capsule retention in the aged group and 5 in the control group, but
the difference was not statistically significant (1.03% vs. 0.85%) [8]. Unexpectedly, we observed two cases
of capsule tracheal aspiration, both episodes occurred in patients over 80 years. Airway aspiration of the
CE is a very rare complication; only few cases were described in literature and all of them occurred in
elderly patients (two cases in 90-year-old and one in a 93-year-old patient) [12, 36–42] thus confirming
that this complication is typical of geriatric population even with no history of swallowing disorders.
Although the aspiration of capsule endoscope is a potentially life threatening complication, it does not
cause significant symptoms in the majority of patients and sometimes can resolve spontaneously [12,
41–42]. In our cohort one patient in group A was not able to swallow the capsule. Similar results were
reported in the study by Girelli et al. [7].
Our study emphasizes the role of CE even in very old patients were the diagnostic yield is similar
compared to younger subjects. Since we did not find differences in term of completeness, bowel
preparation and diagnostic yield there are no reasons to avoid this procedure in octogenarians that
represent a growing portion of our patients. The main strength of our study is that the age of the control
group (patients < 60 years) is less than 65 years, the conventional cut-off age for ageing. Clearly, we
acknowledge some limitations of our study, including a single-center, retrospective design; the lack of
data on comorbidities; no data on drugs (in particular NSAIDs) that are known to affect the results of CE;
absence of follow-up information to understand whether CE results had an impact on the patients’
outcome in both groups.
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Conclusions
Ageing inevitably leads to the occurrence of multiple chronic conditions, including patients with various
GI diseases. In this study, we confirmed that CE represents an important diagnostic tool even in a subset
of elderly (> 80 years) patients in whom the diagnostic yield is similar or increased compared to younger
subjects. Indeed, Robertson et al. confirmed these data and provided evidence that CE is a safe procedure
in this frail group of patients who may benefit of an examination disclosing sites of OGIBs [43].
Angiodysplasias are the most common finding in these patients. Although CE is generally safe capsule
aspiration may occur in elderly patients even in absence of any risk factors.
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Tables
Table 1. Demographic and clinical features of the investigated patients subdivided by age in
the two study groups.
Total
(n=205)
n (%)
114 (55.6)
67.8 ± 17.4
(80)[40-94)

Male gender
Mean age yrs ±DS
(mediana)[range]
Indication for CE:
Anemia
121 (59.0)
Melena
37 (18.0)
Suspected Crohn’s d.
8 (3.9)
Miscellanea
33 (16.1)
Missing
6 (2.9)

Group A
(≥80 yrs, n=106)
n (valid %)
54 (50.9)
83.8 ± 3.2
81 (77.9)
18 (17.3)
0
5 (4.8)
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Group B
(40-60 yrs, n=99)
n (valid %)
60 (60.6)
50.7 ± 6.4
40
19
8
28

(42.1)
(20.0)
(8.4)
(29.5)

p
ns

<0.001
<0.001^
ns ^
ns ^
<0.001^

p, difference between groups by Pearson chi-square, and ^ by pairwise comparison of
proportions; ns, non significant.
Table 2. Diagnostic yield of CE in both groups investigated in this study.
Total
(n=205)
n (%)
Diagnostic yield:
Negative
Angiodysplasias
Ulcers/erosions
Crohn’s disease
Tumors
Miscellanea
Missing

66 (32.2)
46 (22.4)
37 (18.0)
7 (3.4)
2 (1.0)
39 (19.0)
8 (3.9)

Group A
(≥80 yrs, n=106)
n (valid %)
30 (29.4)
35 (34.3)
22 (21.6)
1 (1%)
0
14 (13.7)

Group B
(40-60 yrs, n=99)
n (valid %)
36 (37.9)
11 (11.6)
15 (15.8)
6 (6.3)
2 (2.1)
25 (26.3)

p

ns^
<0.001^
ns^
ns^
ns^
<0.05^

p, difference between groups by Person chi-square, and ^ by pairwise comparison of
proportions; ns, non significant.

Figures

Figure 1
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Representative image of a CE exam in an 85 years old patient with a clinical history of recurrent occult
bleeding. Note the evident spot (blue circle) indicative of angiodysplasia in the jejunum.

Figure 2
CE image showing an erosion (blue circle) of the jejunum in a 65 years old patient with a diagnosis of
Crohn’s disease.
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Figure 3
Bloxpot illustrating the gastric transit time which was not significantly changed in the two groups of
patients under investigation.
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Figure 4
Bloxpot showing a statistically significant delayed small bowel transit time in the ultra-octagenuarians
vs. younger patients (p=0.04).
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