
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i26.8416

World J Gastroenterol  2014 July 14; 20(26): 8416-8423
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

8416 July 14, 2014|Volume 20|Issue 26|WJG|www.wjgnet.com

Role of small bowel capsule endoscopy in the diagnosis 
and management of iron deficiency anemia in elderly: A 
comprehensive review of the current literature

Adnan Muhammad, Gitanjali Vidyarthi, Patrick Brady

Adnan Muhammad, Patrick Brady, Division of Digestive Dis-
eases and Nutrition, University of South Florida, Morsani Col-
lege of Medicine, Tampa, FL 33620, United States
Gitanjali Vidyarthi, Division of Gastroenterology, James A Hal-
ey VA Hospital, Tampa, FL 33620, United States
Author contributions: Muhammad A, Vidyarthi G and Brady P 
contributed equally to the manuscript.
Correspondence to: Adnan Muhammad, MD, Division of Di-
gestive Diseases and Nutrition, University of South Florida, Mor-
sani College of Medicine, 12901 Bruce B. Downs Blvd, Tampa, 
FL 33620, United States. adnan_muhd@hotmail.com
Telephone: +1-813-9742034  Fax: +1-813-9745333
Received: November 6, 2013  Revised: January 30, 2014 
Accepted: March 12, 2014
Published online: July 14, 2014

Abstract
Iron deficiency anemia (IDA) is common and often 
under recognized problem in the elderly. It may be the 
result of multiple factors including a bleeding lesion 
in the gastrointestinal tract. Twenty percent of elderly 
patients with IDA have a negative upper and lower 
endoscopy and two-thirds of these have a lesion in the 
small bowel (SB). Capsule endoscopy (CE) provides 
direct visualization of entire SB mucosa, which was not 
possible before. It is superior to push enteroscopy, en-
teroclysis and barium radiography for diagnosing clini-
cally significant SB pathology resulting in IDA. Angio-
ectasia is one of the commonest lesions seen on the 
CE in elderly with IDA. The diagnostic yield of CE for 
IDA progressively increases with advancing age, and is 
highest among patients over 85 years of age. Balloon 
assisted enteroscopy is used to treat the lesions seen 
on CE. CE has some limitations mainly lack of thera-
peutic capability, inability to provide precise location 
of the lesion and false positive results. Overall CE is a 
very safe and effective procedure for the evaluation of 

IDA in elderly. 
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Core tip: Iron deficiency anemia (IDA) is a common 
problem especially in the elderly. Small bowel (SB) le-
sions may be the source of IDA. Capsule endoscopy 
(CE) provides direct visualization of entire SB mucosa. 
Angioectasia is one of the commonest lesions seen on 
the CE in elderly with IDA. The diagnostic yield of CE 
for IDA increases with advancing age. Balloon assisted 
enteroscopy is used to treat the lesions seen on CE 
causing IDA. 

Muhammad A, Vidyarthi G, Brady P. Role of small bowel 
capsule endoscopy in the diagnosis and management of iron 
deficiency anemia in elderly: A comprehensive review of the cur-
rent literature. World J Gastroenterol 2014; 20(26): 8416-8423  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8416.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8416

INTRODUCTION
Iron-deficiency anemia (IDA) is the most common cause 
of  anemia worldwide, causing significant disease-related 
morbidity, and has a negative impact on patient’s well-be-
ing and overall outcome. Anemia is defined by the World 
Health Organization (WHO) as a hemoglobin concen-
tration of  less than 13 mg/dL in men and less than 12 
mg/dL in women[1]. The gold standard for the diagnosis 
of  iron deficiency is the absence of  iron staining (Prus-
sian blue stain) on bone marrow biopsy. In clinical prac-
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tice, this invasive test is replaced by evaluation with more 
readily available laboratory parameters. The classic hall-
marks of  IDA are low serum ferritin (< 20 ng/L), low 
serum iron (< 33 g/dL), high serum total iron-binding 
capacity (> 400 g/dL) and low mean corpuscular volume 
(< MCV 80 fL). 

IDA IN ELDERLY
In the year 2010, 40.3 million people (13.0% of  the total 
population in United States) were 65 years of  age and 
older (elderly), and 5.5 million were above 85 years of  
age. The elderly population is expected to increase to 
more than 20% of  the total population by 2030, with 
individuals 85 years and older representing the fastest 
growing segment of  this group. The Third National 
Health and Nutrition Examination Survey (NHANES 
Ⅲ, 1988 to 1994) indicated that the prevalence of  IDA 
was nearly 10.6% in elderly. This means almost 4 million 
elderly Americans have IDA[2].

IDA is common and often under recognized problem 
especially in elderly with increased morbidity and mor-
tality. Anemia, however, is not simply a consequence of  
aging, but also a marker of  underlying disease, requiring 
investigation for an etiology. Anemia is recognized to 
be associated with increased frailty, poor exercise, per-
formance, diminished cognitive function, dementia, de-
creased mobility, increased risk for falls, lower bone and 
muscle density, depression and delirium[3,4]. Anemia is a 
marker for increased disease-related morbidity, including 
hospitalization and mortality in elderly[5].

IDA in elderly may be the result of  multiple factors. 
Major considerations include iron deficiency secondary 
to a bleeding lesion in the gastrointestinal (GI) tract and 
this is one of  the major indications for referral to gas-
troenterologists (13% of  referrals). In clinical practice 
esophagogastroduodenoscopy (EGD) and colonoscopy 
are performed in the initial evaluation of  IDA to exclude 
a source of  chronic blood loss from the GI tract. De-
spite undergoing standard endoscopic evaluation, up to 
30% of  patients with IDA have no definitive diagnosis[6]. 
Twenty percent of  elderly patients have a negative up-
per and lower endoscopy and two-thirds of  them have a 
lesion in the small bowel (SB)[7]. It is important to inves-
tigate the SB in all patients with unexplained IDA, after 
negative standard dual endoscopic evaluations (ASGE 
Practice Guideline 2010)[8] (Figure 1). 

SB CAPSULE ENDOSCOPE
The original capsule endoscope (PillCam SB) was de-
veloped by Given Imaging in 2001[9]. It is a disposable 
capsule, 11 by 26 mm in size and weighs 3.7 g. There is 
a set of  short focal length lenses located in front of  the 
camera to collect an image in a 140 degree field of  view 
and magnify it by a factor of  8. This optical system pro-
vides a resolution of  0.1 mm. The capsule communicates 
with the external world through a radio transmitter. Each 

second two pictures are transmitted at 432 MHz to an 
array of  sensors taped to the patient’s abdomen. These 
sensors in turn relay information to a data recording de-
vice worn on a belt. The capsule is powered by two silver 
oxide batteries with a battery life of  8 h. The new capsule 
(PillCam SB 3) captures up to 6 frames per second with a 
30% improvement in picture resolution. 

ROLE OF CE FOR IDA IN ELDERLY
Since the initial presentation at DDW of  2000, the fan-
tastic voyage of  capsule endoscopy (CE) has made sig-
nificant strides[10]. One of  the most significant impacts 
of  the CE has been in the elderly, where it provides a less 
invasive and virtually complete exam. It has expanded 
our area of  visual survey to include direct visualization of  
entire SB mucosa, which was not possible before. CE had 
emerged as a ‘‘light in the darkness’’ for the identification 
and localization of  SB mucosal diseases[9,11]. It has devel-
oped an important role in the investigation of  patients 
with IDA when EGD and colonoscopy are negative. 

CE COMPARED TO OTHER DIAGNOSTIC 
MODALITIES
There are a number of  other diagnostic modalities, old 
and new to evaluate the SB, but they all have limitations. 
CE has made fluoroscopic imaging of  SB almost obso-
lete[12]. Traditional SB X-ray series have the lowest yield 
and fail to detect many mucosal lesions. CE is superior 
to SB enteroclysis for detecting lesions in patients with 
unexplained IDA and should be the next diagnostic test 
of  choice after unremarkable standard endoscopic evalu-
ation[13]. 

Although push enteroscopy (PE) offers direct visual 
inspection of  the SB mucosa beyond the reach of  the 
standard upper endoscopes, it reaches only 80-120 cm 
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Figure 1  Diagnostic approach to evaluate obscure gastrointestinal bleed-
ing/iron deficiency anemia (ASGE Practice Guideline 2010). OGIB: Obscure 
gastrointestinal bleeding; IDA: Iron deficiency anemia; SB: Small bowel; EGD: 
Esophagogastroduodenoscopy.



beyond the ligament of  Treitz and its sensitivity in iden-
tifying the source of  bleeding is limited[14]. CE is superior 
to PE and SB barium radiography for diagnosing clini-
cally significant SB pathology in patients with IDA[15].

CE PROCEDURE
CE is performed as per the standard protocols endorsed 
by American Society for Gastrointestinal Endoscopy 
(ASGE)[16]. An informed consent is obtained prior to the 
procedure. Patients usually present in an out-patient set-
ting, after fasting for 8 h. A bowel preparation is optional. 
They swallow the capsule with few sips of  water in a sit-
ting position. A clear liquid breakfast after 2 h and a light 
meal after 4 h are permitted. After 8 h, patient returns to 
the endoscopy unit, the data recorder is removed and im-
ages are downloaded to the computer. The recordings are 
then viewed by an experienced reader.

FINDINGS OF CE IN ELDERLY
The common SB findings seen on CE when performed 
for IDA in elderly are[17]: (1) Angioectasia or arterio-
venous malformation (Figure 2A); (2) Ulceration [related 
to nonsteroidal anti-inflammatory drugs (NSAIDs) or 
Crohn’s disease] (Figure 2B); (3) Tumor or mass lesion 
(Figure 2C); (4) Celiac disease (CD) (mosaic pattern and 

scalloping) (Figure 2D); and (5) Active bleeding (Figure 
2E).

Angioectasia is one of  the commonest found lesion 
seen on the CE in elderly with IDA. It accounts for 40% 
of  cases of  bleeding of  obscure origin[18,19] It is seen 
more commonly in patients with hereditary hemorrhagic 
telangiectasia, renal disease and in elderly patients with 
multiple comorbidities[20]. The incidence of  angioectasia 
is about 23%[21]. It varies from a flat lesion greater in di-
ameter than one villus to a pulsatile red protrusion with 
surrounding venous dilation. They can be treated with 
argon plasma coagulation or multipolar electrocautery at 
the time of  enteroscopy.

Another common finding, which causes IDA in 
elderly is the inflammation induced by NSAIDS. The 
mechanism of  action of  NSAIDS is COX-1 inhibition 
and prostaglandin depletion. The Spectrum of  NSAID 
induced SB injury became clear only after the advent of  
CE, as before 2000 this knowledge was available only 
from case reports and autopsy series. NSAID induces ul-
cers may be single or multiple. NSAID induced strictures 
can be a cause of  capsule retention if  the stricture was 
not suspected before administering the capsule. The dif-
ferential of  NSAID induced ulceration includes Crohn’
s disease, CD (ulcerative jejuno-ileitis), infection (Cyto-
megalovirus, Tuberculosis, Yersinia), radiation, ischemia, 
vasculitis and chemotherapy (mucositis)[22].
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Figure 2  Angioectasia with active bleeding (A), ulcer caused by nonsteroidal anti-inflammatory drugs (B), tumor with active bleeding (C), celiac disease 
with scalloping and mosaic patternand (D), and active bleeding (E) seen in the small bowel. 
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younger patients. Elderly patients with high diagnostic 
yield (DY) for IDA are likely to benefit more from CE 
than younger patients. IDA in the elderly with or without 
obscure GI bleeding (OGIB) is the major indication for 
CE after a negative EGD and colonoscopy. 

There have been a numbers of  papers written on the 
DY of  CE when performed for IDA (Table 1). However, 
there are only few studies which specifically reported on 
the DY in elderly, and have shown that it is significantly 
higher as compared to younger age group. Sidhu et al[25] 
performed a retrospective review of  779 consecutive pa-
tients that underwent CE over a 7-year period (2002-2009) 
for OGIB and recurrent IDA. The DY of  CE in elderly 
was 53%. The most common diagnosis in the elderly was 
angioectasia (34%). When compared to younger patients, 
the DY was significantly higher in elderly for IDA (51% 
vs 37%, P = 0.003, OR = 1.8, 95%CI: 1.3-2.5). Manage-
ment was also altered in a significant greater proportion 
in the elderly (P = 0.002, OR = 1.8, 95%CI: 1.3-2.5). The 
authors finally concluded that CE has a positive impact 
on the management of  IDA in elderly and there should 
be no barrier to performing CE in this age group. The 
authors of  this study published another paper recently 
where they reported the DY of  CE for IDA is signifi-
cantly higher in patients who were aged 70 years or older 
(P < 0.001, OR = 1.9, 95%CI: 1.4-2.6)[26]. 

Similarly, we have also published on the DY of  CE 
for IDA which was found to be 69% among patients of  
> 85 years of  age and 56% for the age group of  65-85 
years[27]. In another study, we have reported on the utility 

CD is another condition where the diagnosis is fre-
quently missed. Because of  the increased prevalence 
of  undiagnosed CD (iceberg effect), any test that has a 
promise of  increased detection is of  great interest. IDA 
may be the only manifestation of  CD in elderly. Another 
utility of  CE in elderly with CD lies in patient population 
with refractory CD to evaluate for malignancy such as 
lymphoma, carcinoma and GISTs. SB tumors are a rela-
tively uncommon diagnosis and account for 3% of  all GI 
malignancies. After gastrointestinal stromal tumor (GIST), 
adenocarcinoma of  the SB is the most common malig-
nancy found in the elderly. In a study of  5129 patients, 
129 (2.4%) were found to have SB malignancy[23]. Current 
data suggests that CE can shorten the diagnostic work up 
for SB tumor and can influence further management and 
outcome. 

Given the second peak of  Crohn’s disease in the 
elderly, CE can play an important role in the diagnosis 
of  this condition. CE can detect minor (distorted villi, 
erosion or scars) or major changes (ulcers or strictures) 
related to Crohn’s disease[24]. 

DIAGNOSTIC YIELD OF CE FOR IDA IN 
ELDERLY
The DY of  CE in the evaluation of  unexplained IDA 
progressively increases with advancing age, and is high-
est among patients over 85 years of  age. This may be 
explained by the fact that ASA, NSAIDs, and warfarin 
usage is more common in elderly as compared with 
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Table 1  Studies on the utility of capsule endoscopy for the evaluation of iron deficiency anemia along with their findings  n  (%)

Ref. Total 
patients

Patients with positive 
findings (DY)

Angioectasia Inflammatory lesions 
(erosions/ulcers)

Mass 
lesions

Active 
bleeding

Other findings (celiac 
disease, Crohn’s disease)

Holleran et al[46]   65   35 (53)   17 (49) 12 (34)   4 (11) 2 (6) 
Sidhu et al[26] 586 245 (42) 141 (58)   16 (11)
Tong et al[47]   97   25 (26)     6 (24) 16 (64)   2 (8) 1 (4)
Koulaouzidis et al[48] 221   68 (31)   49 (72) 19 (28)
Yamada et al[49]   30   19 (63)     6 (20)   7 (37)     2 (12)   4 (21)
Efthymiou et al[50]   40   15 (38)
Milano et al[51]   45   35 (78)   13 (37)   9 (26)     6 (17)   7 (20)
Goenka et al[52]   96   35 (37)
Katsinelos et al[53]   38   13 (34)     6 (46)   4 (31)   1 (8)   2 (15)
Riccione et al[54] 138   91 (66)   51 (56) 18 (20)     9 (10) 13 (14)
Van Turenhourt et al[55] 240 106 (44)
Laine et al[56]   40   13 (33)     4 (31)   9 (69) 0 0
Sheibani et al[57]   57   35 (61)   21 (60)   4 (12)     5 (14)   5 (14)
Kim et al[58]   25   12 (48)     8 (66)   2 (17) 0   2 (17)
Sidhu et al[25] 316 152 (48)   84 (56) 25 (16) 10 (6) 33 (22)
Muhammad et al[27] 231 127 (55)   35 (28) 64 (50) 0 15 (12) 13 (10)
Chami et al[59]   12     4 (33)
Carey et al[60] 134   62 (46)   35 (56) 16 (26)   4 (6)   7 (12)
Apostolopoulos et al[61]   51   29 (57)   12 (41) 13 (45)     4 (14) 0
Estevez et al[62]   48   30 (63)
Van Tuyl et al[63] 150   49 (33)
Qvigstaad et al[64]   40   11 (28)
Kalantzis et al[65]   64   27 (42)
De Leusse et al[66]   20     6 (30)
Ben Soussan et al[67]   18     7 (38)
Enns et al[68]   14     7 (50)     2 (29)   3 (42)     2 (29) 0
Fireman et al[69]   70   37 (52)   18 (49) 11 (30) 0   8 (21)
Pennazio et al[17]   43   19 (44)     4 (21)   9 (47) 0   6 (32)
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of  CE in the diagnosis of  CD in elderly for the first time, 
when they presented for IDA. We found that out of  279 
elderly patients with IDA, 7 (2.5%) had mucosal abnor-
malities suggestive of  CD (atrophy, scalloping, mosaic 
pattern, layering, and nonspecific ulcerating jejuno-ileitis). 
Subsequent evaluation with serum antibody testing +/- 
multiple distal duodenal biopsies confirmed the diagnosis 
in all patients[28].

Recently Koulaouzidis et al[29] published a systematic 
review on the DY of  CE for IDA in all age groups. The 
pooled DY of  CE in studies focused solely on patients 
with IDA was 66.6% (95%CI: 61.0%-72.3%).

CE VS DEEP ENTEROSCOPY FOR IDA IN 
ELDERLY
CE has a number of  advantages compared with deep en-
teroscopy especially in elderly patients. These include the 
potential ability to visualize the entire SB with a non-inva-
sive procedure carrying a minimal risk of  complications, 
a high sensitivity for lesions and high patient acceptance. 
These advantages make CE the preferred initial proce-
dure for evaluation of  IDA. However, it also has a num-
ber of  disadvantages including the lack of  biopsy and 
therapeutic capability, the potential for retention above a 
stricture, and the potential for missed lesions. The overall 
miss rate for CE is estimated to be 10%-30% in patients 
with OGIB, and solitary lesions are more likely to be 
missed[30]. Deep enteroscopy is needed in patients with 
continued IDA despite a negative CE, and for biopsy and 
therapy of  lesions demonstrated by CE. 

The currently available types of  enteroscopy include 
PE, intra-operative enteroscopy (IOE), balloon assisted 
enteroscopy (BAE), and spiral enteroscopy (SE). PE has 
limited applicability because only the duodenum and 
proximal jejunum can be visualized. IOE has the capabil-
ity of  visualizing the entire SB but carries a significant 
operative morbidity, and a mortality of  up to 4%[31]. SE 
is a promising new technique which allows deep enteros-
copy in a shorter period of  time than BAE. This short-
ens anesthesia time which may be a significant advantage 
in the elderly. However, it is not widely available, and the 
system is not currently being sold while modifications 

to enhance its utility are being developed. This leaves 
BAE as the most viable option for deep enteroscopy. 
The greatest advantage of  BAE is the ability to biopsy 
and tattoo the lesion seen on the CE (Figure 3). Other 
advantages include the therapeutic benefit which includes 
hemostasis, polypectomy, balloon dilation of  strictures 
and foreign body removal. The disadvantages are that it 
is invasive with higher risks for complications, time con-
suming, requires sedation and the entire SB is not visual-
ized in one procedure. When used by both oral and anal 
route in a given patient, it has the potential to visualize 
the entire SB. 

In two prospective randomized studies of  double 
balloon enteroscopy (DBE) vs single balloon enteros-
copy, total enteroscopy was achieved more frequently 
with DBE. However, there was no difference in DY or 
therapeutic outcome between the two techniques[32-34]. 
BAE is frequently a long procedure lasting 60 min or 
more, and requires deep sedation. Elderly patients may 
be at increased risk for complications due to prolonged 
endoscopic procedures, and prolonged sedation due to 
co-morbidities such as cardiac and pulmonary disease. 
In addition they are at greater risk of  aspiration, have an 
increased response to sedatives, and have a blunted re-
sponse to hypoxia and hypercarbia[35]. The complications 
of  BAE include perforation, pancreatitis, and GI bleed-
ing. These occur in 1%-2% of  patients which is a higher 
complication rate compared with standard endoscopic 
procedures (EGD and colonoscopy)[36,37]. There are only 
few studies reported on the safety and efficacy of  BAE 
in elderly patients. In a single center, retrospective study 
on the efficacy and safety of  DBE, a total of  60 patients 
older than 75 years with 110 younger patients were evalu-
ated[38]. Elderly patients were more likely to have angioec-
tasia (39% vs 23%, P = 0.01), and to require endoscopic 
therapy (48.6% vs 29.2%, P = 0.01). The overall com-
plication rate was 0.9% with no serious complications. 
There was no difference in the success and complication 
rates in both age groups in this study. 

In another retrospective study, 137 patients (80 years 
or older) underwent DBE after CE. The correlation be-
tween the findings on CE and DBE occurred in 78.9% 
of  patients. False negative findings on CE were present 
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Figure 3  Capsule endoscopy (A) and single balloon enteroscopy (B) showing jejunal carcinoma with subsequent marking of the lesion.
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in 6 patients with false positive findings in 18 patients. 
The DY for DBE in patients with OGIB was 90.2%. No 
complications related to DBE were encountered in these 
octogenarians in the 48 h following the procedure. The 
authors finally concluded that DBE was safe in octoge-
narians, and that elderly patients with positive findings on 
CE should be considered for DBE[39].

The majority of  studies have reported a good correla-
tion between the findings at capsule endoscopy and BAE 
and a comparable yield of  positive findings[40]. In general, 
they can be considered “complementary studies”. BAE 
may be contraindicated in some elderly patients with se-
vere cardiopulmonary co-morbidities. For these reasons, 
CE should be the first investigation in elderly patients 
with IDA and other suspected disorders requiring en-
doscopic SB visualization. BAE is needed for therapy, 
biopsy and marking of  lesions requiring surgery. 

A cost-effectiveness analysis for diagnosis of  IDA in 
elderly favors CE over BAE and other radiologic studies. 
A cost-effectiveness analysis for management of  bleeding 
favors BAE over all other therapeutic modalities. CE is 
patient friendly, guides BAE approach in positive studies, 
and predicts a low re-bleeding rate in negative studies. 
BAE is invasive and requires significant resources and 
time. It may be occasionally needed to extract a retained 
capsule endoscope at the SB stricture. Finally, BAE 
should be considered in patients with a negative CE who 
continue to have unexplained IDA and OGIB.

LIMITATIONS OF CE
CE enables visualization of  the entire SB but lacks the 
potential for therapeutic intervention. Other limitations 
include inability to provide precise location of  a lesion, 
false-positive results, potential for erratic passage result-
ing in missed lesions and limited battery life causing in-
complete studies.

COMPLICATION OF CE
CE is a very safe procedure with few reported adverse 
events. There have been concerns about the theoretical 
interaction of  CE with cardiac defibrillators, although no 
adverse events have been reported in the literature[41,42]. 
Inability to swallow the capsule, battery failure before cap-
sule reaches the cecum, and capsule retention are some of  
the important problems associated with CE in elderly as 
well as in younger patients[43]. In patients who are unable 
to swallow the capsule, it can be successfully placed in the 
duodenum by using a capsule delivery device. In patients 
with suspected SB stricture, a new capsule (AGILE Pa-
tency system by Given Imaging) is available, which can be 
given before SB capsule to evaluate for SB patency[44]. The 
true remaining contraindications to CE are SB obstruc-
tion/pseudo-obstruction and pregnancy[45].

CONCLUSION
The use of  GI endoscopy in geriatric patients is increas-

ing as a larger proportion of  the population is reaching 
an advanced age. IDA is a major problem in elderly and 
requires further evaluation and management. SB CE 
plays an important role in the evaluation of  IDA in all 
age groups, especially in the elderly with a very high DY. 
SB angioectasia, ulceration, tumor, CD and active bleed-
ing are the common findings seen on CE in elderly with 
IDA. BAE is used to treat the lesions seen on CE. CE 
has some limitations mainly lack of  therapeutic capabil-
ity, inability to provide precise location of  the lesion and 
false positive results. Overall CE is a very safe and effec-
tive procedure for the evaluation of  IDA in elderly.
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