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 Historically, small bowel disorders remained a diagnostic dilemma at a time 
that endoscopy and colonoscopy were routinely applied not only to the diag-
nosis but also to the treatment of acid peptic, neoplastic, and infl ammatory 
gastrointestinal disorders. The midgut remained an endoscopic mystery. With 
the exception of surgically facilitated scope passage through a jejunal enter-
otomy, endoscopists nibbled at the edge of the small bowel, reaching the prox-
imal jejunum with per os colonoscopes or overtube-assisted enteroscopes and 
the terminal ileum at time of colonoscopy. Other    imaging wasn’t much better: 
upper gastrointestinal and small bowel barium studies, Meckel’s scan, and, 
only later, computed tomography enterography (CTE) scan looking for mass 
lesions, evidence of obstruction, or small bowel wall thickening. 

 The past several decades have seen an explosion in small bowel imaging 
leading to improved diagnosis and directed therapy. Although this is an endo-
scopic text, the editors would do the readers a disservice without putting 
endoscopy into perspective. As such, we direct your attention to the excellent 
chapters on conventional barium studies as well as the computed tomography 
enterography and magnetic resonance enterography. 

 This text describes the major advances in small bowel enteroscopy (cap-
sule endoscopy, overtube-facilitated, and balloon-assisted) and their applica-
tion for both common (gastrointestinal bleeding, malabsorptive disorders, 
Crohn’s, etc.) and uncommon (small bowel tumors, Meckel’s diverticulum, 
etc.) midgut disorders. The beauty of being able to visualize virtually the 
entire GI tract, of course, is improved diagnosis and treatment of our patients. 
The latter may be to direct appropriate medical or surgical therapy or to apply 
direct endoscopic therapy: removal of small bowel polyps and the dilation of 
midgut strictures whether they are the consequence of Crohn’s disease, non-
steroidal anti-infl ammatory drugs (NSAIDs), or a previous surgical anasto-
mosis. Small bowel enteroscopy may also allow access to the pancreaticobiliary 
tree in patients with surgically altered anatomy, performance of a direct per-
cutaneous endoscopic jejunostomy (PEJ), and the evaluation and treatment of 
occult or actively bleeding GI lesions. 

 This text reviews not only the history and state of the art of small bowel 
endoscopy but also the near and potential future scenarios: improved capsule 
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software, steerable capsules, and enteroscopes with improved optics and 
channel size to facilitate and enlarge our therapeutic capabilities. 

 The editors proffer this text to GI practitioners of all disciplines as well as 
those currently in training. It is our hope that it will aid you in the manage-
ment of your patients with suspected or documented small bowel disorders.  

  Seattle, WA, USA     Richard         Kozarek, M.D.    
 Scottsdale, AZ, USA     Jonathan A.     Leighton, M.D.     
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            Background 

 In recent years, science and technology have 
come a long way in imaging the small bowel. 
These new modalities have reinvigorated our 
interest and understanding of small bowel dis-
eases. The small bowel has traditionally been dif-
fi cult to evaluate because of the fact that it is 
approximately 600 cm in length and extremely 
tortuous. Throughout this book, you will learn 
about traditional methods of evaluating the small 
bowel, as well as the newer techniques that have 
revolutionized the way we approach the small 
bowel today. 

 Traditional imaging methods, such as the bar-
ium small bowel follow through, have been lim-
ited in their ability to detect small or subtle 
abnormalities. Enteroclysis provided more detail 
but was diffi cult to perform and associated with 
signifi cant patient discomfort. Whereas small 
bowel follow through or enteroclysis is relatively 

safe and noninvasive, the yield is low [ 1 ,  2 ], 
especially for mucosal lesions such as angioecta-
sias. Endoscopy is useful for the most proximal 
and distal aspects of the small bowel but failed to 
investigate the majority of this organ. Although 
the yield of intraoperative endoscopy is very 
good, this test is very invasive and carries signifi -
cant risks including serosal tears, perforation, 
mortality, and postoperative complications. 

 In the “olden days,” circa 2000, the evaluation 
of suspected small bowel disease, particularly 
obscure gastrointestinal bleeding, was therefore 
ineffi cient and not cost effective. Patients would 
often require multiple hospitalizations, extensive 
diagnostic testing, and repeated blood transfu-
sions without identifying a source. Patients would 
undergo repeat upper and lower endoscopy, push 
enteroscopy, small bowel follow through, or 
enteroclysis followed by angiography or intraop-
erative endoscopy. The historical challenges 
related to these tests included a high miss rate for 
small bowel lesions, limited availability, and 
accuracy of these older diagnostic tests, and thus 
the need for more invasive intraoperative enteros-
copy and exploratory laparotomy to adequately 
examine the small bowel. 

 We are now in a “new age” with regard to 
imaging the small bowel. With the introduction 
of capsule endoscopy (CE) in 2001 and balloon- 
assisted enteroscopy in 2004, there was a true 
paradigm shift in the approach to suspected 
small bowel disease. This was followed by the 
development of more sophisticated software for 
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cross-sectional imaging and the introduction of 
CT enterography and MR enterography. Together, 
these new modalities are seen as “disruptive tech-
nology” in that they led to a complete change in 
how we view the small bowel. Prior to these new 
techniques, the gastrointestinal tract was viewed 
as the upper tract, proximal to the ligament of 
Treitz, and the lower tract, distal to the ligament 
of Treitz. With the advent of these technologies, 
we can now view not only the upper and lower 
tract, but also the middle tract, i.e., the small 
bowel. Obscure gastrointestinal bleeding is no 
longer so obscure. The small bowel is no longer 
the “black box” of the gastrointestinal tract 
thanks, in particular, to capsule endoscopy and 
deep enteroscopy.  

    Capsule Endoscopy 

 In the following chapters, you will become more 
familiar with CE and its indications. Capsule 
endoscopy is truly an archetypical example of 
“disruptive” technology. It allows for a direct, 
noninvasive visual examination of the small 
bowel mucosa without discomfort or the need for 
sedation. Capsule endoscopy is an elegant solu-
tion in that the camera is not tethered to an appa-
ratus, and thus is able to travel the entire length of 
the small bowel. The capsule measures from 
24 mm to 31 mm × 11 mm to 13 mm, and is pro-
pelled through the small bowel by peristalsis. It is 
ingested orally or delivered into the small bowel 
by endoscopic assistance. It can visualize the 
entire small intestine in 79–90 % of cases [ 3 ]. As 
such, CE has become the gold standard in the 
evaluation of suspected small bowel disease. 

 Studies have shown that its diagnostic yield 
for small bowel lesions is superior to most other 
modalities [ 4 ,  5 ]. Its main utility lies in its high 
positive and negative predictive value as well as 
its ability to direct further therapeutic interven-
tion and/or surgery [ 6 ]. While CE has had a huge 
impact in gastroenterology, we must recognize its 
limitations. These include a lack of therapeutic 
capabilities, inability to control movement, a 
high rate of incidental fi ndings, and diffi culty 
in localizing lesions. Finally, there is a potential to 

miss single-mass lesions and for capsule retention 
in high-risk individuals. In most situations, the 
benefi ts of CE outweigh these limitations.  

    Deep Enteroscopy 

 In addition to the development of CE, deep enter-
oscopy techniques have also added to our arma-
mentarium for evaluating the small bowel. These 
new devices include double-balloon and single- 
balloon enteroscopy, as well as spiral enteros-
copy. The main concept of all three techniques is 
to plicate the intestine over the endoscope, using 
a series of push-and-pull maneuvers. Unlike CE, 
therapeutic interventions such as biopsy, cauter-
ization, and polypectomy can be performed and 
are undertaken in approximately 33 % of deep 
enteroscopies [ 7 ]. The major drawback of deep 
enteroscopy is the high resource utilization, with 
procedures lasting upwards of 60 min, and the 
need for anesthesia, assistants, and fl uoroscopy. 
Its overall diagnostic yield is comparable to CE 
[ 8 ], but deep enteroscopy is more invasive, 
requires sedation or anesthesia, and is associated 
with higher resource utilization. The new device- 
assisted enteroscopy techniques can achieve a 
total enteroscopy by combined oral and anal 
approach in 8–63 % of cases, depending on the 
experience of the endoscopist [ 5 ]. As you will 
learn in the following chapters, all forms of deep 
enteroscopy are comparable in terms of yield, 
safety, and learning curve. The advent of this new 
technology has indeed brought the small bowel 
within the reach of the endoscopist.  

    Indications for Evaluating 
the Small Bowel  

 Although gastroenterologists most often are 
called to evaluate the stomach and colon, there 
are many reasons to image the small bowel 
(Table  1.1 ). The main ones can be divided into 
vascular, infl ammatory, and neoplastic disorders. 
Overall, the single most common reason to evalu-
ate the small bowel is for obscure gastrointestinal 
bleeding. Other indications include suspected 

J. Noelting and J.A. Leighton
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small bowel disease, tumors and polyposis syn-
dromes, Crohn’s disease, and malabsorptive dis-
orders. As you will see throughout this book, the 
approach to these different disorders may vary 
depending on the individual scenario and there is, 
to date, very little evidence-based medicine to 
determine specifi c practice guidelines. Imaging 
of the small bowel is done for obscure gastroin-
testinal bleeding, tumors and/or polyps, infl am-
matory bowel disease (IBD), malabsorptive 
syndromes, as well as symptomatology.

       Obscure Gastrointestinal Bleeding 

 The most common indication for CE and deep 
enteroscopy is the evaluation of suspected small 
bowel bleeding. Obscure gastrointestinal bleeding 
(OGIB) is persistent bleeding from the gastroin-
testinal tract after negative esophagogastroduode-
noscopy, colonoscopy, and small bowel radiologic 
test. It can be either overt (visible bleeding) or 
occult (iron-defi ciency anemia without visible 
bleeding) [ 9 ]. The differential diagnosis is quite 
extensive and includes vascular, infl ammatory, 
and neoplastic lesions, as well as hemobilia, 
hemosuccus pancreaticus, and vasculitis. 

 The diagnosis may be straightforward, as in 
the patient with multiple, bleeding, arteriovenous 
malformations or an ulcerated mass seen on cap-
sule endoscopy. However, of all indications for 
evaluating the small bowel, obscure gastrointes-
tinal bleeding can also be the most challenging 
because lesions can be located anywhere through-
out the small bowel and, in the case of certain 
vascular lesions, may be diffi cult to identify 

when they are not bleeding. Lesions may be 
missed due to patient conditions (e.g., hypoten-
sion), the fl eeting nature of the lesion (e.g., 
Dieulafoy), or human error. Lesions include, in 
order of decreasing prevalence, angiodysplasia, 
ulcer, varices, bleeding polyp, tumor, and other 
rare causes [ 10 ]. 

 While many lesions are ultimately found in the 
distal small bowel, a signifi cant amount can be 
located in regions accessible with standard endo-
scopes [ 11 ]. As such, this bleeding can be caused 
by lesions proximal to the ligament of Treitz or in 
the colon that were missed on initial endoscopic 
evaluation. Thus, second-look endoscopy is rec-
ommended prior to embarking on an extensive 
small bowel evaluation. It is also important to rule 
out other causes of anemia such as bone marrow 
diseases and malabsorption, before concluding 
that the cause is gastrointestinal bleeding. Once 
gastrointestinal bleeding has been documented or 
iron-defi ciency anemia confi rmed and malabsorp-
tion and hematologic causes have been excluded, 
and second-look endoscopy is negative, then one 
can proceed with a small bowel evaluation. 

 In most cases, Capsule endoscopy will be the 
next best test. Depending on results, deep enteros-
copy may be indicated to follow up on suspicious 
lesions. Deep enteroscopy complements CE. One 
study showed that there is excellent concordance 
between deep enteroscopy and CE [ 12 ]. The 
results of CE can be used to identify a lesion 
and guide further management. Generally, if the 
lesion is present within the fi rst 75 % of small 
bowel transit time, we use an antegrade approach, 
and otherwise use a retrograde approach. Cost-
effectiveness models suggest that DBE is the most 

   Table 1.1    Reasons to image the small bowel   

 Vascular  Infl ammatory  Neoplastic  Other 

 • Angioectasia  • Peptic ulcer disease  • Carcinoid  • Abnormal imaging study 
 • Arteriovenous malformation  • Infl ammatory bowel disease  • GIST  • Symptom evaluation 
 • Dieulafoy lesion  • NSAID enteropathy  • Adenocarcinoma 
 • Varices  • Celiac disease  • Lymphoma 
 • Hemorrhoids  • Ampullary carcinoma 
 • Radiation enteritis  • Metastases 

  Adapted from Leighton, JA. (2012, May 20). Archival appraisal defi ned. Powerpoint lecture presented at the AGA 
Postgraduate Course, San Diego Convention Center  

1 Indications for Imaging the Small Bowel
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cost- effective approach for obscure overt gastro-
intestinal bleeding; however, CE-guided DBE 
may be associated with better long-term outcomes 
due to decreased risk for complications and 
appropriate resource utilization [ 13 ]. Cross-
sectional imaging techniques including CT angi-
ography and CT enterography can also be used to 
localize a source of bleeding with a diagnostic yield 
of 10–40 % [ 12 ,  13 ], which is lower than CE and 
deep enteroscopy. However, in diffi cult cases of 
OGIB, cross-sectional imaging, capsule endos-
copy, and deep enteroscopy can be complemen-
tary. That is,  complex cases will require all three 
modalities for diagnosis and treatment of the 
condition.  

    Tumors and Polyposis Syndromes 

 Tumors of the small bowel often present with 
OGIB. In the USA in 2014, cancers of the small 
intestine represented 0.5 % of total cancer cases 
and 0.2 % of cancer deaths [ 14 ]. Primary small 
bowel tumors comprise approximately 2–5 % of 
all primary gastrointestinal neoplasms [ 15 ,  16 ]. 
The most common malignant small intestine 
malignant neoplasms, in decreasing order of inci-
dence, are carcinoid, adenocarcinoma, lym-
phoma, and stromal tumors [ 17 ]. 

 Capsule endoscopy now plays an important 
role in the diagnosis and management of small 
bowel tumors. A meta-analysis found CE to be 
superior to push enteroscopy and small bowel fol-
low through, in the setting of OGIB [ 4 ]. CE can 
provide initial diagnosis, estimated location, char-
acteristics (size, shape, ulceration, etc.), and extent/
number of mass lesions present. It can also be used 
for surveillance after polypectomy. However, CE 
can miss single-mass lesions in the small intestine 
at a rate approximating 19 % [ 18 ]. Factors that can 
affect the visualization in CE include rapid transit 
and poor/lack of preparation. In one study, most 
(74 %) missed lesions were located in the proxi-
mal small bowel [ 19 ]. Thus, CE and push enteros-
copy may be complementary studies in this setting. 
CE is superior to MRE for evaluation of tumors in 
patients with Peutz- Jeghers syndrome (PJS) and 

familial adenomatous polyposis (FAP) [ 20 ,  21 ]. 
However, one study did suggest that MRE may be 
better at estimating the size of large polyps [ 22 ]. 

 Deep enteroscopy also plays a role in the eval-
uation of small bowel tumors, particularly 
because of the ability to attain a tissue diagnosis. 
DBE has a diagnostic yield between 94 and 
100 % for all small bowel tumors. Thus, this test 
may be helpful in cases where CE is negative but 
suspicion for a tumor remains high. It also has the 
advantage of being able to obtain a histopatho-
logic diagnosis and, potentially, treat with polyp-
ectomy. However, DBE is more invasive and has 
a risk of perforation (1.3 %) and pancreatitis 
(0.6 %) [ 19 ]. 

 At this time, there are limited evidence-based 
guidelines for small bowel imaging for suspected 
tumors. We suggest capsule endoscopy, in most 
cases, as the initial test of choice. It is suggested 
to perform CE prior to deep enteroscopy due to 
increased patient tolerance, ability to visualize the 
entire small intestine, and less invasive nature of 
the test. If a tumor is identifi ed on CE, it can help 
direct the approach to deep enteroscopy. Thus 
these two tests work well together in the diagnosis 
and management of small bowel tumors. 

 Two polyposis syndromes with increased risk 
of small intestinal malignancy are PJS and 
FAP. In patients with PJS the risk ratio of small 
intestinal tumors is 520 [ 23 ], and thus some have 
recommended capsule endoscopy every 3 years 
starting at age 8 [ 24 ]. Most patients with FAP 
will have duodenal adenomas and it is estimated 
that they occur in 54–74 %. By age 75, >95 % of 
patients with FAP will have duodenal adenomas 
[ 25 ]. 

 Regarding polyposis syndromes, there are lim-
ited studies on the benefi ts of CE, either for diagno-
sis or surveillance. Research in this area is limited 
mostly by the rarity of each condition. It has been 
suggested to screen patients with Peutz- Jeghers 
syndrome and others [ 26 ,  27 ], and can be justifi ed 
in patients presenting with gastrointestinal 
 bleeding. The role of deep enteroscopy in these 
patients is to sample and/or remove polyps. Deep 
enteroscopy can also be combined with surgery 
when very large polyps are identifi ed.  
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    Infl ammatory Bowel Disease 

 Small bowel imaging can play an important role 
in the evaluation of patients with IBD with also 
have small bowel involvement. The diagnosis of 
IBD, particularly Crohn’s disease, can be chal-
lenging because there is no single gold standard 
test. The disease involves the small bowel in 
approximately 70 % of patients and up to 30 % of 
patients have disease confi ned to the small 
bowel, usually the distal ileum [ 28 ]. Furthermore, 
even when the disease is not confi ned to the 
small intestine, involvement of this part of the GI 
tract can confer a worst prognosis and higher 
likelihood of recurrence [ 29 ]. In a subgroup of 
patients, identifi cation of small bowel infl amma-
tion proximal to the terminal ileum can be diffi -
cult. Cross-sectional imaging has become popular 
for evaluation and monitoring of Crohn’s disease 
due to its noninvasive nature and relative ease of 
use (especially when compared to deep enteros-
copy). The role of CE and deep enteroscopy in this 
area remains controversial and has yet to be deter-
mined. Notably, cross-sectional imaging is helpful 
in assessing transmural infl ammation and fi stulae; 
however, it probably does not assess mucosal 
disease as well as CE and deep enteroscopy. 

 Capsule endoscopy can be used to evaluate 
the small bowel, particularly when colonoscopy 
with ileoscopy is negative. The advent of capsule 
technology has facilitated the evaluation of sus-
pected CD, allowing for a more thorough assess-
ment of the mucosa. The technology appears to 
have additional diagnostic yield of up to 70 % for 
CD isolated to the small bowel following a nega-
tive ileocolonoscopy. CE has the potential to be 
used not only in the diagnosis of IBD, but also in 
assessing the severity and extent of disease, post-
surgical recurrence, and, perhaps, response to 
therapy. Findings of aphthous ulcers, fi ssuring 
ulcers, granularity, loss of vascular patter, and 
mucosal edema are similar on CE as on tradi-
tional endoscopy. 

 Capsule endoscopy may also be of benefi t in 
patients with established CD. It may be comple-
mentary to ileocolonoscopy and upper endoscopy 

and has been shown to affect medical and surgical 
decision making [ 30 ]. In particular, CE may be 
useful in assessing the extent and severity of small 
bowel infl ammation, particularly in patients with 
unexplained symptoms. In addition, CE may be 
useful for assessing mucosal healing once therapy 
has been initiated. There are studies to suggest 
that it may play a role in the evaluation of postop-
erative recurrence when ileocolonoscopy is not 
successful or needs to be avoided [ 29 ]. Finally, 
CE may be of value in assessing indeterminate 
colitis and reclassifying a subgroup as CD. 

 There are defi nite concerns and unanswered 
issues with CE in CD. The risk of capsule reten-
tion, due to stricturing disease, is higher in 
patients with known Crohn’s disease, and in one 
study was reported to be 13 % [ 31 ]. Although CE 
has a high sensitivity (83–93 %), it has a low 
specifi city (53–84 %) for diagnosing small bowel 
Crohn’s disease [ 32 ,  33 ]. Furthermore, it remains 
to be seen whether or not CE is cost effective in 
the diagnosis of Crohn’s disease [ 34 ]. 

 The role of deep enteroscopy in IBD is less 
clear due to limited randomized controlled trials 
assessing the utility of this modality for CD. Deep 
enteroscopy has the advantage of obtaining tissue 
samples and being able to perform therapeutic 
interventions such as stricture dilatation. 
Histological evaluation can be particularly help-
ful in confi rming active IBD, both for initial diag-
nosis and monitoring of IBD. Regarding the 
diagnostic yield, a meta-analysis of 11 studies 
comparing CE and DBE showed that they were 
comparable for small bowel disease, including 
infl ammatory lesions [ 12 ]. However, DBE is 
more invasive and should be reserved for cases 
where CE is contraindicated, to obtain a tissue 
diagnosis after a positive study, to perform endo-
therapy, or to retrieve a retained capsule. 

 In contrast to obscure gastrointestinal bleed-
ing, radiologic imaging can be particularly useful 
in the assessment of patients with CD. On cross- 
sectional imaging, transmural infl ammation man-
ifests as bowel wall thickening and enhancement. 
Both magnetic resonance enterography (MRE) 
and computed tomography enterography (CTE) 
have a good accuracy (0.86–0.93) compared to 
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endoscopic evaluation with a sensitivity (0.81–0.90) 
and specifi city (0.88–1.0) for assessing disease 
activity by bowel wall thickening and enhance-
ment [ 35 ]. However, both CTE and MRE lack the 
ability to visualize the mucosa and false- positive 
results can be seen if the bowel is under-
distended. 

 In the majority of cases, ileocolonoscopy is 
the fi rst test of choice in the assessment of patients 
with CD. However, it is reasonable to evaluate 
the small bowel, with either cross- sectional imag-
ing or CE when suspicion of CD is high despite 
negative ileocolonoscopy. These new methods 
for evaluating the small bowel disease can assist 
clinicians in making a more timely and accurate 
diagnosis in patients with IBD, and can assist in 
determining prognosis and likelihood of recur-
rence. Armed with this information, the clinician 
can make better recommendations for treatment. 
Then, these methods can be used for monitoring 
response to treatment or disease recurrence.  

    Celiac Disease and Other 
Autoimmune Enteropathies 

 The exact role of small bowel imaging in celiac 
disease is evolving. Celiac disease is an immune 
reaction to eating gluten manifesting as infl am-
mation of the small intestine that affects 1 % of 
the white American population [ 36 ]. Other enter-
opathies include autoimmune, hypogammaglob-
ulinemic sprue and drug-induced (e.g., 
olmesartan). Typically, patients present with 
chronic diarrhea, postprandial abdominal pain, 
bloating, and weight loss. For diagnosis of celiac 
disease, initial testing with serology (i.e., tissue 
transglutaminase antibodies) is followed by duo-
denal biopsies. Macroscopically, enteropathy 
appears as villous atrophy, nodularity, fi ssures, 
scalloping, layered or stacked folds, and a mosaic 
appearance of the mucosa [ 37 ,  38 ]. Duodenal 
biopsies show intraepithelial lymphocytes, crypt 
hyperplasia, and/or villous atrophy. 

 Although histology is the gold standard for 
diagnosing celiac disease, CE may play a role in 
evaluating those patients with positive serology 

and negative histology, for patients unwilling or 
unable to undergo upper endoscopy, and for com-
plicated or refractory celiac disease. In patients 
who are symptomatic despite a gluten-free diet, 
especially if they have alarm symptoms such as 
weight loss, fever, and pain, up to 60 % may have 
evidence of ongoing villous atrophy, ulcers or 
erosions, or cancer [ 39 – 41 ]. Capsule endoscopy 
has a sensitivity of 89 % and specifi city of 95 % 
for detecting enteropathy [ 42 ]. 

 Deep enteroscopy techniques may also be use-
ful in patients with refractory or complicated 
celiac disease. In one study of 21 patients who 
were symptomatic and had villous fl attening on 
duodenal biopsies despite maintaining a strict 
gluten-free diet, referred for double-balloon 
enteroscopy, 5 patients were diagnosed with 
enteropathy-associated T cell lymphoma (EATL) 
and 2 with ulcerative jejunitis. CT scan of these 
patients only detected EATL in four patients and 
did not detect ulcerative jejunitis in any. The 
authors conclude that deep enteroscopy should be 
reserved for patients with refractory celiac disease 
or those with a history of EATL [ 43 ]. In another 
study of 12 patients with unexplained malabsorp-
tion, double-balloon enteroscopy with small 
bowel biopsies yielded a diagnosis in 8 patients 
(including amyloidosis and Crohn’s disease) even 
though duodenal biopsies were normal [ 44 ]. 

 The role of radiologic evaluation is limited. 
Small bowel barium studies may show decreased 
jejunal folds, jejunal dilation, increased ileal fold 
thickness, and intussusceptions; however, this 
cannot reliably differentiate celiac disease or 
malabsorption from irritable bowel syndrome 
[ 45 ]. MRE, enteroclysis, and CTE, in contrast, 
can be useful in evaluating complicated celiac 
disease (malignancy, ulceration) [ 46 ]. 

 Although upper endoscopy is usually suffi -
cient for diagnosis and evaluation of celiac dis-
ease, small bowel imaging can be useful in 
complicated or refractory cases or when lym-
phoma is suspected. Capsule endoscopy can also 
be used for patients who cannot tolerate upper 
endoscopy. There is little role for cross-sectional 
imaging in this disease, other than to look for 
complications.  
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    Symptom Evaluation and Abnormal 
Imaging Studies 

 The role of CE and deep enteroscopy in the eval-
uation of nonspecifi c symptoms is not clear. 
Small bowel imaging in patients with gastrointes-
tinal symptoms is most useful when “alarm” fea-
tures are present. Such “alarm” symptoms 
include weight loss, elevated erythrocyte sedi-
mentation rate or C-reactive protein, thrombocy-
tosis, anemia, and/or fevers. In patients with 
abdominal pain and diarrhea alone without these 
“alarm” symptoms, the yield tends to be quite low. 

 In a study of 165 nonbleeding patients referred 
for CE, the most common indications were diar-
rhea and abdominal pain. Among the 30 patients 
with diarrhea alone, only 8 (27 %) had positive 
fi ndings [ 47 ]. In a study of 72 patients with 
chronic abdominal pain, with or without diarrhea, 
the diagnostic yield of CE was poor (21 and 0 %) 
in patients with normal infl ammatory markers but 
was 67 and 90 % in patients with positive infl am-
matory markers. Diagnoses included IBD, small 
bowel tumors, enteritis, and NSAID enteropathy 
[ 48 ]. Similarly, in another group of 50 patients 
with chronic abdominal pain, the only additional 
sign that was associated with positive fi ndings on 
CE was evidence of infl ammation [ 49 ].  

    Conclusion 

 New endoscopic techniques, including CE and 
deep enteroscopy, in conjunction with cross- 
sectional imaging, have revolutionized our 
approach to the evaluation of small bowel disor-
ders. Physicians are now armed with several 
methods of investigating the small intestine. 
These advances in technology have also improved 
patients’ tolerance to testing and may reduce 
their exposure to radiation and complications by 
using less invasive methods. 

 These new techniques have transformed our 
approach to patients with OGIB. In many ways, 
OGIB is no longer “obscure” because of our abil-
ity to adequately image the small bowel. With the 
arrival of these new methods, patients previously 

labeled “OGIB” may be further subdivided into 
missed lesions (within reach of the upper endo-
scope or colonoscope), small bowel bleeding, and 
truly “obscure” gastrointestinal bleeding. With 
this ease of access, we may increase the diagnosis 
of small bowel tumors and enteropathy, and more 
accurately assess for disease activity in IBD. 

 In the twentieth century, no one would have 
imagined being able to reach the entire length of 
the small intestine endoscopically. What will come 
next? Research is currently under way with 
remote-controlled capsules using magnets, which 
could quickly be guided to a point of interest for 
more detailed inspection, and capsules that release 
gas to distend the lumen for better visualization. 
The logical next step would be to have that capsule 
take samples of the mucosa or deliver drugs to a 
specifi c lesion as well. Research in this area is also 
under way. The future is bright for imaging of the 
small bowel and evaluating small bowel diseases.     
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 Introduction

For many years, the small bowel follow-through 
(SBFT) has been the most widely used radiologic 
modality to evaluate small bowel (SB) diseases. 
This method has been partly replaced by entero-
clysis, which was rejuvenated in the 1970s and 
has now become a primary tool of gastrointesti-
nal (GI) radiologists [1].

During the last two decades, we have wit-
nessed a slow but steady reduction in the number 
of barium studies performed both in Europe and 
in the USA [2].

However, DiSantis observed a large decrease 
approximating 47 % and 46 % in the number of 
upper GI studies and of barium enemas, respec-
tively, in a period of only 8 years—from 1998 to 
2006 [3]. From 2001 to 2006, the nationwide vol-
ume fell by 37 % (from 533,650 to 337,882 
examinations) [3]. These numbers include both 
upper GI procedures alone and those which 
included SB studies. The barium SB examina-
tion, in turn, had a dip of just 7 % (from 117,790 
to 109,039 examinations) [3].

Barium can take several hours to opacify all 
the SB loops, a consequence of their considerable 
length and transit time. In addition, study dura-
tion is influenced by gastric emptying time and 
the possible presence of lesions. The deteriora-
tion of barium, from a mere flaky appearance of 
the suspension to a fully developed flocculation, 
which inevitably occurs in long examinations, 
can produce different grades of non-adherence to 
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the mucosa with consequent difficulties in mor-
phological evaluation of the loops. For this rea-
son, the SBFT is not reliable in highlighting early 
or small lesions.

The proper distension of the bowel loops nec-
essary for their optimal visualization can be 
achieved by the placement of a feeding tube 
through the esophagus, stomach, and duodenum 
to the ligament of Treitz (enteroclysis).

The use of enteroclysis has increased the diag-
nostic accuracy in small bowel disorders because 
improved distension of the lumen allows direct 
visualization of the mucosal surface and a clear 
and simultaneous evaluation of all the dilated 
bowel loops. This technique also avoids overlap-
ping artifacts.

Enteroclysis can be performed with single or 
double contrast (barium with methylcellulose or 
barium with air) and requires an optimal intesti-
nal preparation [4, 5]. The double-contrast 
method has allowed the first extra-operative 
assessment in vivo of an anatomic parameter: the 
length of the intestine. The latter is important for 
the prognosis and prediction of chronic intestinal 
insufficiency, particularly in short bowel syn-
dromes [6].

In 1973, the first monoslice computed tomogra-
phy (CT) commercial scanner was introduced. This 
changed the diagnostic evaluation and the clinical 
management of multiple GI diseases, to include 
diverticulitis, appendicitis, intestinal obstruction, 
inflammatory bowel diseases, and tumors.

The monoslice CT was subsequently improved 
with the helical (1989) and multidetector-row 
techniques (MDCT) allowing faster acquisitions 
and thinner collimations. This resulted in a better 
visualization of bowel loops and mesentery, as 
well as the possibility of reformatting the images 
in different planes.

Another important step in the evaluation of the 
intestines and anorectum has been the introduc-
tion of magnetic resonance (MR) imaging, par-
ticularly for its high soft tissue contrast. Accuracy 
may also be enhanced by the use of different 
enteral contrast agents and of multiple ultrafast 
sequences.

Moreover, MR enterography provides the 
same information as CT enterography without 
the use of ionizing radiation, which makes this 
method particularly suitable for the study of the 
SB in pediatric patients and for the follow-up of 
chronic diseases [7, 8] (Fig. 2.1).

Fig. 2.1 Conventional enteroclysis versus MR enterogra-
phy. Conventional enteroclysis (a) shows small nodular 
defects (arrows) corresponding to pseudopolyps shown 

by transverse steady-state MR enterography sequence 
(arrows in b) in a patient with Crohn’s disease
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Video capsule endoscopy (CE), introduced in 
2000, has further contributed to the reduction in 
the use of barium examinations allowing the 
direct evaluation of the SB wall with a higher 
accuracy in the detection of early and superficial 
lesions [9–11].

The availability of these new radiological 
methods with a resulting reduction in the demand 
for barium studies has also made radiologists 
progressively less interested and able to perform 
these types of examinations [2].

Moreover, although these new imaging meth-
ods are less accurate than traditional radiology in 
the assessment of mural lesions, they allow eval-
uation of the bowel wall, its relationship with the 
parenchymal organs, peritoneal recesses, and the 
surrounding tissues. Recent literature shows a 
gradual replacement of the barium studies with 
new radiological methods (CE or CT or MR 
enterography) in most clinical situations.

Currently, a cross-sectional imaging study is 
the examination of choice for the evaluation of an 
SB neoplasm as it allows, with a single study, 
detection of a mass, its extraparietal extension, 
and the presence of pathologic lymph nodes or 
distant metastases [12].

Currently, according to new guidelines, CE 
and/or MR enterography have also supplanted 
barium studies in the screening of patients with 
familial adenomatous polyposis [13] and in other 
important clinical situations, such as suspected 
high small bowel obstruction (SBO) [14] and 
active obscure GI bleeding [15] in which MDCT, 
endoscopy, and CE are considered more accurate. 
In fact, a noninvasive MDCT scan allows evalua-
tion of the obstruction or bleeding in terms of 
location, cause, and severity, with the application 
of multiplanar reconstruction images [14, 15].

Finally, the clinical and diagnostic approach 
to the patient with abdominal pain has signifi-
cantly changed with ultrasound (US)—almost 
always the initial examination in a wide range of 
situations.

However, barium examinations, such as SBFT, 
are still the most common and accessible radio-
logical methods for studying the small bowel [10], 
and their application is important especially in 
situations where other new techniques are limited. 

As such, these procedures can provide the correct 
diagnosis at a lower cost and with fewer complica-
tions (e.g., those due to sedation required for 
endoscopy) [2]. Moreover, they are often used as a 
second-line test to confirm CT, MR, or US find-
ings and are considered the diagnostic study of 
choice to exclude the presence of a bowel stenosis 
before performing a CE.

 Barium Imaging in Intestinal 
Malrotation

Intestinal malrotation, which is defined as a con-
genital abnormal position of the gut within the 
peritoneal cavity, may lead to potentially fatal 
sequelae, such as midgut volvulus. The midgut 
rotation process can be divided into three stages. 
In stage I, from the 5th to the 10th week of gesta-
tion, the midgut elongates forming the primary 
intestinal loop, which undergoes a physiological 
herniation into the umbilical coelom where it 
grows and rotates 90° counterclockwise around 
the axis of the superior mesenteric artery (SMA). 
Failure to return to the abdomen during stage I 
results in the development of an omphalocele. 
In stage II, during the 10th to the 12th week of 
gestation, the midgut retracts into the abdominal 
cavity. The small intestine returns first complet-
ing its final 90-degree counterclockwise rotation 
and thereby passing posterior to the SMA. The 
large intestine enters later making an additional 
180-degree counterclockwise rotation resulting 
in the normal configuration of the colon. In con-
clusion, the normal whole rotation of the intes-
tine is 270° in a counterclockwise direction. 
Rotational defects during this process can result 
in a number of abnormal conditions. Nonrotation 
of the midgut, also called left-sided colon, is the 
most common rotation anomaly that occurs if the 
primary intestinal loop fails to undergo the sec-
ond rotation of 180°. The result is an aberrant 
positioning of the colon and cecum on the left 
side of the abdominal cavity with the small intes-
tinal loops situated in the right side. The duode-
num has its first and second parts normally 
situated but the third and fourth parts slope down 
to the right of the SMA. This condition can lead 
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to midgut volvulus and duodenal obstruction. 
The reversed rotation, instead, arises when the 
primary intestinal loop undergoes an incorrect 
180-degree clockwise rotation after the first 
90-degree counterclockwise rotation resulting in 
a total 90-degree clockwise rotation with an 
abnormal position of the transverse colon in the 
retroperitoneal space, posterior to the duodenum 
and the SMA. Finally, mixed rotations of the 
midgut (also called malrotations) can occur, due 
to an uncoordinated rotation of the duodenum 
and the colon with one malrotated segment and 
the other partially or nonrotated [16]. The most 
frequent type of malrotation arises when the 
cephalic limb and the caudal limb of the primary 
intestinal loop undergo only the initial 90-degree 
rotation and the later 180-degree rotation, respec-
tively. The result is a correct positioning of the 
distal end of the duodenum and a cecal position 
just inferior to the gastric pylorus, near the mid-
line in a subhepatic or central position. This 
causes an increased risk of intestinal obstruction 
as a consequence of SB compression, especially 
the duodenum.

In stage III, from the 12th week up until the 
term of gestation, the mesentery of some intesti-
nal segments becomes fixed to the posterior 
abdominal wall, whereas some others disappear. 
Initially, following rotation, the duodenum and 
pancreas are situated in the right upper quadrant. 
There, due to the pressure of the colon, they are 
compressed against the posterior abdominal wall 
with which their peritoneums fuse, disappearing, 
and the resulting retroperitoneal position of most 
of the duodenum and head of the pancreas. In 
addition, the mesentery of the ascending and 
descending colon fuses with the peritoneum of the 
posterior abdominal wall with both the ascending, 
except for about 3 cm of its caudal portion, and 
descending colon becoming retroperitoneal.

The mesenteries of the appendix, lower end of 
the cecum, and sigmoid colon remain free.

What undergoes major changes is the mesen-
tery of the primary intestinal loop, also called the 
mesentery proper, which, at the end of the pro-
cess, in case of normal rotation and fixation, 
extends from the duodenojejunal junction (liga-
ment of Treitz) in the left upper quadrant to the 
ileocecal junction in the right iliac fossa.

Also in this stage, some different abnormali-
ties may occur due to altered fixation processes.

Firstly an incomplete or, in extreme cases, a 
total lack of fixation of the ascending colon to 
the posterior abdominal wall can lead to an 
abnormal motility of the cecum alone (mobile 
cecum) or of both the cecum and other colonic 
segments, respectively, with an increased risk of 
volvulus. A malfixation of the mesentery proper 
may result in a reduced distance between the 
ligament of Treitz and the ileocecal junction, 
resulting in loose loops of bowel hanging on an 
unsteady and narrow pedicle that is prone to 
twisting, volvulus, and strangulation.

Furthermore, an incomplete fusion of the mes-
entery with the posterior wall of the colon can 
lead to the formation of retrocolic recesses, most 
frequently posterior to the ascending colon, with 
the risk of herniation and entrapment of SB loops.

Finally, if the cecum fails to descend to its nor-
mal position in the right iliac fossa, it can develop 
an abnormal fixation in the right upper quadrant 
with dense fibrous bands (Ladd’s bands) extend-
ing from the cecum to the retroperitoneum across 
the duodenum (Fig. 2.2) or, less frequently, 
between the colon and the duodenum (Fig. 2.3). 
The major risk is a variable degree of compression 
until complete obstruction of the duodenal loop.

Of all cases of malrotation, 60–80 % present 
in the first month of life, mostly in the first week. 
The most common symptoms of midgut volvulus 
are a generalized discomfort of the infant and bil-
ious vomiting that needs an immediate investiga-
tion even in the absence of acute abdominal pain 
[17]. Similarly, a malrotation/volvulus must be 
suspected in any case of acute abdomen, even if 
bilious vomiting is absent.

However, the clinical presentation can be very 
variable and ambiguous, including both acute 
symptoms such as diarrhea, non-bilious vomit-
ing, suspected infection or sepsis, shock or GI 
bleeding, and long-standing conditions of malab-
sorption and growth defects.

In the diagnosis of malrotation, the plain 
X-ray is rarely sufficient, except in cases of obvi-
ous complete duodenal occlusion, and an upper 
GI imaging is the preferred diagnostic modality, 
especially with the use of water-soluble contrast 
medium. Ionic hypertonic solutions, such as 
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 gastrografin, are to be avoided as aspiration 
causes pulmonary edema that may be fatal. 
A nasogastric tube is required to administrate 
oral contrast medium, because the duodenum 
may be obscured by a contrast-filled and dis-
tended stomach. Upper GI malrotation can pres-
ent with some pathognomonic signs that include 
an abnormally positioned duodenojejunal junc-
tion (Fig. 2.4), a spiral, “corkscrew” or Z-shaped 
configuration of the distal duodenum and proxi-
mal jejunum, and a right located proximal jeju-
num (Fig. 2.5). The duodenojejunal junction is 
usually situated in the retroperitoneal cavity and 
to the left of the spine at the same level or higher 
than the duodenal bulb. In an anatomical variant, 
the junction can be displaced inferiorly due to the 
relative mobility of the ligament of Treitz, and 
can mimic a malrotation [18]. There are some 
other conditions that can mimic malrotations on 
upper GI exams, especially for the duodenum (a 
mobile, wandering, or inversum duodenum) and 
peritoneal ligaments. In case of acute intestinal 

Fig. 2.2 Malrotation with duodenal bands. Radiographs 
show an abnormal location of the duodenojejunal junction 
(arrow) and the proximal part of the jejunum in the right 

upper abdominal quadrant and the ileum in the left abdom-
inal quadrants. In (b) the small black arrow shows narrow-
ing of a jejunal loop due to adhesion (Ladd’s bands)

Fig. 2.3 Ladd’s bands. Radiograph shows the cecum 
fixed in the right upper quadrant due to adhesions (Ladd’s 
bands), histologically confirmed
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obstruction, especially in children, upper GI 
images can show some pathognomonic findings 
such as a narrowed bowel, partially or completely 
occluded, with consequent dilatation of the prox-
imal duodenum and a characteristic spiral or 
“corkscrew configuration” of the twisted distal 
duodenum.

When the obstruction is complete, the typical 
“corkscrew” image may not be seen because con-
trast medium may not enter the volvulized loops.

If the obstruction is caused by peritoneal 
bands, the duodenum can assume also a Z-shaped 
configuration [18].

The sensitivity of the upper GI series for the 
diagnosis of malrotation approximates 93 % [19] 
to 100 % [20]. However, in a retrospective study 
of 72 patients a significant number of false- 
positive upper GI diagnoses, supported by subse-
quent negative laparotomy, were observed. 
Particularly, 13 patients (18 %) were incorrectly 
diagnosed. In fact, after laparotomy, 6 (8.3 %) 

had normal anatomy, 3 (4.2 %) did not have a 
volvulus, and 4 (5.5 %) had a malrotation without 
a volvulus [21].

The diagnostic accuracy of upper GI in diag-
nosing malrotation may be improved by various 
maneuvers [18]. First of all, the correct position 
of the duodenojejunal junction should be detected 
at the beginning of the exam with the first bolus 
and studied in both the frontal and lateral projec-
tions. In fact, the duodenum may be later dis-
placed or obscured by contrast-filled jejunal 
loops or by the stomach so that it is important not 
to overfill the proximal gut initially.

Once it has been established that the duodeno-
jejunal junction is normally positioned, manual 
epigastric compression can help in the differen-
tial diagnosis between malrotation and normal 
duodenal motility [22]. Sometimes, an immedi-
ate contrast enema or delayed abdominal films 
may be necessary to identify the correct position 

Fig. 2.4 Intestinal malrotation. Enteroclysis shows that 
the duodenum and jejunum are to the right of the spine Fig. 2.5 Intestinal malrotation. Delayed radiograph 

shows the location of jejunal loops in the upper right side 
of the abdomen
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of the cecum. While the position of the colon 
may be normal in a child with malrotation, 80 % 
of individuals with malrotation have an abnormal 
cecal position (Fig. 2.6). Generally, the shorter 
the distance between the duodenojejunal junction 
and the cecal apex, the shorter the length of the 
SB mesentery and the greater the risk of volvu-
lus. Finally, an inversion of the normal relation-
ship of the SMA and vein seen on US or CT has 
been described as suggestive of malrotation. 
Unfortunately, however, this is neither highly 
specific nor highly sensitive, but when noted 
should warrant further evaluation for malrotation 
with an upper GI exam [23].

 Barium Imaging of the Small Bowel 
in Crohn’s Disease

Crohn’s disease (CD) is a lifelong disease char-
acterized by patchy, transmural inflammation, 
which may affect any part of the GI tract. The 
highest annual incidence of CD is 12.7 per 
100,000 person-years in Europe, 5.0 person- 
years in Asia and the Middle East, and 20.2 per 
100,000 person-years in North America [24]. 
The highest prevalence values for inflammatory 

bowel disease (IBD) are reported in Europe 
(ulcerative colitis [UC], 505 per 100,000 persons; 
CD, 322 per 100,000 persons) and North America 
(UC, 249 per 100,000 persons; CD, 319 per 
100,000 persons). In time-trend analyses, 75 % 
of CD studies and 60 % of UC studies had a sta-
tistically significant increased incidence over 
time (P < 0.05) [24].

Establishing the diagnosis and exact distribu-
tion of the disease pattern with available local 
resources is crucial for planning the treatment 
strategy. A single gold standard for the diagnosis 
of CD is not available [25, 26]. For suspected 
CD, ileocolonoscopy and biopsies of both the ter-
minal ileum and each colonic segment are the 
first-line procedures to establish the diagnosis, 
for they can verify microscopic evidence of 
CD. Irrespective of the findings at ileocolonos-
copy, further investigation is recommended to 
examine the location and extent of the disease 
[25]. CD may affect a part of the ileum not reach-
able by the endoscope or may involve more of the 
proximal SB (10 % of patients). Additionally, at 
the time of diagnosis 15.5–36 % of patients have 
stricturing or penetrating disease (fistulas, phleg-
mons, or abscesses) [27, 28]. Endoscopy and 
radiology are complementary techniques to 
define the site and extent of the disease, which is 
important for the treatment plan [25].

Barium contrast examinations have long been 
the only imaging method providing morphologi-
cal information of the SB, and have proven valu-
able in the diagnosis and management of CD. In 
the last decade, a progressive improvement of 
cross-sectional imaging has significantly changed 
the diagnostic and therapeutic work-up of patients 
[8, 29]. Indeed, these tools can reveal mucosal 
alterations as well as transmural and perienteric 
inflammation, leading to a new disease staging, 
detecting asymptomatic disease and assessing 
response to therapy [30]. For these reasons, on 
several systematic reviews and guidelines, mod-
ern cross-sectional imaging has replaced the bar-
ium studies for visualization of the SB in adult 
and pediatric populations [25, 26, 31]. In fact, 
there are definite advantages for the patient using 
the newer cross-sectional imaging modalities, 
particularly MR imaging, with the lack of  

Fig. 2.6 Nonrotation of the colon. Radiograph shows that 
the entire colon is on the left
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ionizing radiation and increased accuracy in the 
detection of disease. There is, however, limited 
access to MR in most hospitals and the use of US 
depends on local expertise. For these and other 
reasons, to include cost, and the fact that they are 
noninvasive and easy to read and to perform, bar-
ium examinations are still the most available 
methods for investigating the SB in the majority 
of radiology departments [32]. Barium studies are 
a well-established method to investigate the SB in 
suspected or recurrent CD. In particular, SBFT 
remains the most commonly performed method 
for the investigation of SB diseases because of its 
ease of performance. SBFT can effectively depict 
transmural CD, but it may be imprecise in cases 
of mild disease, such as aphthous ulcers or other 
subtle mucosal abnormalities (Fig. 2.7). This dis-
advantage can be avoided with the use of entero-
clysis, considered in the literature as the most 
accurate radiologic method in the diagnosis of CD 
[33]. In fact, it allows a careful estimate of disease 
extent, the identification of discrete lesions, char-
acterization of strictures, and measurement of the 
length of unaffected bowel. Moreover, enterocly-
sis can depict early mucosal alterations, such as 

lymphoid nodular hyperplasia, aphthous ulcers, 
and valvulae conniventes swelling, particularly 
when double-contrast enteroclysis is performed 
with air instead of methylcellulose (Fig. 2.8) [34]. 
Finally, enteroclysis may help in the differential 
diagnosis between CD and granulomatous enteri-
tis as well as ulcerative colitis. A newer applica-
tion of barium studies is to exclude an SB stricture 
in patients with suspicious or known CD before 
performing CE.

Characteristic findings of CD on barium studies 
include irregular thickening and alteration of the 
circular folds and narrowing of the bowel lumen 
with the presence of different kinds of ulcers, aph-
thous, larger, linear, and anastomotic. These signs 
are more often seen in the terminal ileum (Fig. 2.9) 
and in the first part of the colon, but they may affect 
any part of the GI tract, from the mouth to the anus. 
CD has a marked predilection for the terminal 
ileum with its high concentration of lymphoid tis-
sue; however, additional “skip” lesions can be seen 
in the proximal SB (Fig. 2.10).

As more severe CD develops, small ulcers 
become enlarged and deeper and may connect to 
one another forming stellate, serpiginous, and 

Fig. 2.7 Small bowel follow-through showing the normal filling pattern of the jejunum and ileum loops (a), and 
marked narrowing and mucosal irregularity of several loops of the jejunum in a patient with Crohn’s disease (b)

E. Casciani et al.



23

linear ulcers (Fig. 2.11). On SB series or entero-
clysis, a mesenteric border ulcer appears as a 
long 1- to 2-mm barium collection parallel to a 

short and straight mesenteric border. A radiolu-
cent collar can be usually seen at the margin of 
the ulcer, parallel to the linear barium collection. 

Fig. 2.8 Crohn’s disease. (a) Enteroclysis shows focally 
thickened irregular folds and ulcerations of terminal ileum 
starting from the ileocecal valve extended to 80 cm.  
(b) Enteroclysis shows distal ileum stricturing with 
 fistula. (c) Enteroclysis shows multiple stricturing of the 

distal ileum (“skip” lesions). (d) Frontal spot image from 
enteroclysis shows aphthoid ulcer in a jejunal loop as 
punctate collections of barium surrounded by radiolucent 
mounds of edema (arrow)
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The antimesenteric border of the bowel is usually 
uninvolved and pulled into the ulcer collar, creat-
ing radiating folds. As inflammation penetrates 

the submucosa and muscularis layers, deep knife-
like linear clefts form the basis of “cobbleston-
ing” that can lead to fissure or fistula formation. 
They appear as a barium-filled reticular network 
of grooves that surround round or ovoid radiolu-
cent islands of mucosa. Eventually, transmural 
inflammation causes a decrease in luminal diam-
eter and a limited wall distensibility, which lead 
to a radiographic aspect called “string sign,” due 
to a combination of severe edema and spasm or 
fibrosis. Other radiological signs include antimes-
enteric border sacculations, focally thickened 
irregular folds, loop adhesions, and ileal loops 
separated by fibrofatty proliferation of the mes-
entery [35] (Figs. 2.12 and 2.13).

Conventional enteroclysis has been shown to 
be highly accurate, with a sensitivity of 95 % and 
a specificity of 96.5 % in diagnosing SB diseases. 
It also permits detection of partially or nonob-
structive lesions that may not be demonstrated 
with cross-sectional imaging techniques [36].

Some investigators have compared SBFT 
with SBE studies and reported comparable results 

Fig. 2.9 Crohn’s disease. Enteroclysis shows thickened 
irregular valvulae conniventes and mucosal nodularity of 
the terminal ileum

Fig. 2.10 Crohn’s disease. Enteroclysis shows mucosal 
changes of Crohn’s disease in the distal ileum, and focally 
thickened irregular folds in the jejunal loop (arrow)

Fig. 2.11 Crohn’s disease. Frontal spot image from 
enteroclysis demonstrates linear longitudinal and trans-
verse ulcerations that create a cobblestone appearance in 
the distal ileum

E. Casciani et al.



25

[37, 38]. However, the per-oral study is prefera-
ble as a screening examination because of its 
noninvasiveness, its safety, the short time 
required, the lower radiation exposure, and its 
higher accuracy in detecting gastroduodenal dis-
ease compared to SBE. A normal SBFT obviates 
the need to perform SBE.

Air double-contrast enteroclysis allows detec-
tion of subtle surface changes such as mucosal 
granularity and aphthae better than other radio-
logical methods, but consistently reliable images 
may be more difficult to obtain [39].

SBFT and SBE show a low, albeit significant, 
correlation with surgical findings in the assess-
ment of stenotic lesions in terms of number, 
localization, and extension (Fig. 2.14). These 
examinations may identify SB obstructions but 
cannot depict the cause and have a low sensitivity 
in the detection of extraluminal complications. 
For these reasons, it is often necessary to perform 
additional diagnostic exams such as CT or MRI 
(Fig. 2.15).

In general, the principal disadvantage of bar-
ium studies is the limited accuracy in evaluating 
the state of the bowel wall and the extramural 
extension of CD, especially in case of overlap-
ping bowel loops.

Moreover, the high radiation dose is another 
important disadvantage, particularly in young 
patients and if fluoroscopy time is not kept to a 
minimum [40]. Gaca et al. [40] studied a total of 
176 children with CD who underwent an aver-
age of 1.2 SBFTs with an average duration of 
5.1 min and about 3.3 abdominal radiographs. 
The effective doses (mSv) for a 5-min fluoros-
copy were 0.15 for the central abdomen, 0.35 
for the right lower quadrant, and 0.56 for the 
pelvis, yielding an average effective dose for 
SBFT (5-min fl uoroscopy, 3.3-min abdominal 
radiographs) of 1.8–2.2 mSv. Although 5 min of 
fluoroscopy time for an SBFT might seem exces-
sive, this was calculated based on the average of 

Fig. 2.12 Crohn’s disease. Enteroclysis shows pseudodi-
verticula (arrow) of the antimesenteric wall of the nar-
rowed distal ileum

Fig. 2.13 Crohn’s disease. Enteroclysis shows the rela-
tively greater involvement of the mesenteric side of the 
terminal ileum and the displacement of the involved loop 
away from the normal small bowel secondary to mesen-
teric inflammation and fibrofatty proliferation
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30 examinations performed by five experienced 
pediatric  radiologists. In a young population of 
CD patients, the ionizing radiation required for 
SBE limits the use of this technique for follow-up 
of disease.

 Comparison of SBE, SBFT, CE, US, CT, 
MRI, and Scintigraphy

In a recent study SBFT, CT, and MRI were com-
pared and appeared to be equally accurate in the 
identification of SB active inflammation. 
Although the sensitivity values of CT (89 %) and 
MRI (83 %) were slightly higher than those of 
SBFT (67–72 %) with regard to active terminal 
ileitis, these differences were not significant [41].

A prospective blinded trial [42] to assess the 
sensitivity and specificity of CE, CT enterogra-
phy (CTE), ileocolonoscopy, and SBFT in the 
diagnosis of SB CD showed a sensitivity of CE 
for detecting active inflammation of 83 %, not 
significantly higher than CTE (83 %), ileocolo-
noscopy (74 %), or SBFT (65 %). Moreover, its 
specificity (53 %) was significantly lower than 
that of the other tests (P < 0.05). These findings, 

Fig. 2.15 Crohn’s disease. Enteroclysis (a) shows the 
presence of marked narrowing of the lumen of the termi-
nal ileum (arrow) with dilatation of the proximal bowel 
loop (thick arrows). In the same patient, coronal enhanced 
T1 GRE MR enteroclysis image (b) shows segmental wall 
thickening with layered enhancement of the wall (mural 
stratification) causing marked narrowing of the lumen of 

the terminal ileum (arrow), and increased vascularity 
(asterisks), named “comb sign,” adjacent to a hyper-
enhancing thickened segment of ileum. These MR find-
ings are typical of “active” Crohn’s disease. MR 
fluoroscopy sequence (c) shows, also, the high-grade ste-
nosis (arrow) with dilatation of the bowel loop proximally 
(thick arrow)

Fig. 2.14 Crohn’s disease. Enteroclysis shows multiple 
narrowed distal ileal segments unchanged during the 
exam, indicative of fibrotic narrowing
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in addition to the need to perform an SB radiog-
raphy to exclude asymptomatic partial SB 
obstruction that could cause capsule retention, 
may limit the utility of CE as a first-line test in 
the diagnosis of CD unless a patency capsule is 
initially used. A meta-analysis including 33 out 
of 1,406 studies compared the accuracies of US, 
MRI, scintigraphy, CT, and positron emission 
tomography (PET) for diagnosis in patients with 
suspected or known IBD, mainly CD [29]. The 
study showed that mean sensitivities for the 
diagnosis of IBD on a per-patient basis were 
high and not significantly different among the 
imaging modalities (90 %, 93 %, 88 %, and 
84 % for US, MRI, white blood cell [WBC] 
scintigraphy, and CT, respectively). The only 
significant difference in values was found 
between scintigraphy and US (P = 0.009). Mean 
per-bowel-segment sensitivities were lower: 
74 % for US, 70 % for MRI, 77 % for WBC 
scintigraphy, and 67 % for CT. Mean per-bowel-
segment specificities were of 93 % for US, 94 % 
for MRI, 90 % for WBC scintigraphy, and 90 % 
for CT. CT proved to be significantly less sensi-
tive and less specific compared to WBC scintig-
raphy (P = 0.006) and MRI (P = 0.037). There 
have been no studies published that have defined 
the accuracy of PET in the diagnosis of IBD. The 
authors concluded that no significant differences 
in diagnostic accuracy among US, CT, MRI, and 
WBC scintigraphy were observed, and that, 
because patients with IBD often need frequent 
reevaluation, the use of a diagnostic modality 
not involving ionizing radiation is preferable. 
Conventional enteroclysis is superior to MR 
enteroclysis in visualizing early and superficial 
mucosal lesions [8], but CE will probably 
become the best method for assessing mucosal 
changes. However, since the inflammatory 
 process in CD does not stop at the mucosa, 
MR enteroclysis, because of its superb soft tis-
sue contrast, functional information, direct mul-
tiplanar capabilities, and lack of radiation 
exposure, can answer all major clinical ques-
tions relevant to patients’ treatment and has the 
potential to become a real one stop shop in the 
evaluation of CD.
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 Introduction

To look back at the history of endoscopy is to see 
the driving force and vision of individuals chal-
lenging the accepted knowledge of the time. 
Gastroenterologists are no different from most peo-
ple and they do not embrace change easily. Early 
on, conventional wisdom resisted the need for gas-
troscopy let alone upper endoscopy including the 
duodenum at the technique’s inception. Even the 
addition of biopsy capability to endoscopes was felt 
unnecessary by many in the beginning.

The evolution of enteroscopy has been largely 
the same and did not gain widespread acceptance 
until recently. Indeed, even the use of capsule 
endoscopy was a slow evolution. I fully realize that 
this chapter is not the most practical one in this vol-
ume, but a perspective on the development of small 
bowel imaging is still important. I have been 
involved in the field of enteroscopy since 1985 and 
this summary illustrates the work of many others in 
the field and their commitment to expanding the 
field of endoscopy despite criticism and resistance 
from colleagues. Swain referred to enteroscopists 
as “a tiny band of enthusiasts in showy endoscopy 
units” performing “an esoteric and rather terrifying 
procedure” [1]. He was correct, except for the part 

about “showy endoscopy units.” Indeed, when you 
look through the references you will see a handful 
of names who carried the torch for a while. But 
enteroscopy has now come of age and is a rather 
routine examination revolutionized by capsule 
endoscopy and overtube assisted devices (e.g., 
double balloon, single balloon, and spiral enteros-
copy). But that is not how it all started.

Flexible upper endoscopy with the ability to 
view the duodenum began with the development 
of the Hirschowitz ACMI 4990 fiberscope in 
October of 1960 [2]. Previous gastroscopes typi-
cally only viewed the esophagus and stomach 
and only rarely could be directed through the 
pylorus [3]. Previous biopsy forceps were passed 
alongside the gastroscope and thus directed biop-
sies were not possible and often the specimens 
were poor. Although flexible endoscopy was a 
huge advance over previous rigid and semirigid 
instruments, many doctors felt that the fiberscope 
had no future and, indeed, it was difficult to enter 
the duodenum. Norman Cohen reported 1,000 fiber-
scope exams in 1966, but stated it was unclear if 
the duodenum was entered in any examination 
[4]. Despite lack of acceptance and its own limi-
tations based on size and maneuverability, many 
new instruments were developed and Olympus 
began producing a longer, 105 cm, model GIF in 
1971. This endoscope became the workhorse of upper 
endoscopy until the development of video instru-
ments in the 1990s.

Enteroscopy was initially a technology with 
little application, which slowed its acceptance. 
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The small intestine was thought to be a rare site 
for any pathology and the ability to look at the 
most proximal and distal ends, during upper 
endoscopy and colonoscopy, was all that was 
needed in the evaluation of most patients. Some 
physicians doubted enteroscopy’s clinical useful-
ness and thus expressed skepticism at the field’s 
development. It was even stated that the develop-
ment of sonde enteroscopy was unnecessary and 
most likely too expensive. Incredibly, similar 
opinions were voiced following the development 
of capsule endoscopy. But it is now clear that the 
power to peer into the small bowel changed med-
ical practice and the technology has revolution-
ized the field.

This is especially true when dealing with a 
patient with unexplained gastrointestinal bleed-
ing. Prior to the development of these technolo-
gies, patients with obscure bleeding were simply 
transfused. Small bowel cancers were diagnosed 
late and thus carried a very poor prognosis. 
Mortalities associated with obscure gastrointesti-
nal bleeding were high. In 1980, Herbsman 
reported that survival of more than 6 months for 
adenocarcinoma of the small bowel was rare [5]. 
In 2006, there were 5,420 new cases of small 
bowel cancer reported along with 1,070 deaths 
[6]. It has been shown that early diagnosis 
improves survival. Early enteroscopy helped 
determine the etiology of bleeding in such cases 
and helped determine the most appropriate treat-
ment algorithms. Of 71 patients treated for 
obscure gastrointestinal bleeding, Szold reported 
19 patients with tumors detected early by enter-
oscopy [7]. In this series, 13 patients were long- 
term survivors and six died of metastatic disease. 
In a 2006 retrospective review of 144 patients 
with primary cancer of the small intestine, the 
overall 5-year survival was 57 % and the median 
survival was 52 months [8]. Not surprisingly, survival 
was best for early-stage tumors and those that 
could be completely resected. With the develop-
ment of newer and more effective technologies, 
the relatively primitive and challenging tech-
niques of rope-way and sonde enteroscopy have 
been abandoned and forgotten. In addition, there 
is less of a role for surgery guided by intraopera-
tive enteroscopy. Yet it is important to recognize 

that they were instrumental in paving the way 
forward to where we are today.

Endoscopy of the small bowel was considered 
to be the last frontier of flexible endoscopy [9]. 
The usual diagnostic techniques applied to the 
small bowel were confounded by the small intes-
tine’s length and tortuosity, its free intraperito-
neal location, and vigorous contractility. These 
characteristics, in turn, limited the diagnostic 
ability of barium small bowel studies and limited 
the identification of specific sites by special 
imaging techniques such as nuclear medicine 
scans and angiography. The yield of a barium 
small bowel series for diagnosing tumors of the 
small intestine remains quite low as does entero-
clysis and even CT enterography.

There was clearly a need to improve the evalu-
ation of the small bowel. Push enteroscopy was 
one of the early attempts to visualize the small 
bowel endoscopically. During push enteroscopy, 
an endoscope is pushed beyond the ligament of 
Treitz into the proximal jejunum. Push enteros-
copy was termed deep upper endoscopy, extended 
upper endoscopy or simply enteroscopy. Though 
there is tremendous experience using orally 
passed colonoscopes as push enteroscopes, the 
first report of push enteroscopy was in 1973 using 
an instrument specifically designed for that pur-
pose. Physicians and staff were concerned about 
the cleanliness of a colonoscope. Though we now 
accept that a clean instrument is a “clean” instru-
ment, this was not true in the 1970s. Ogoshi 
reported in 1973 using an Olympus SIF-B to 
evaluate the proximal small bowel [10]. The 
instrument was 162 cm in length and had a 1 cm 
tip diameter. Fluoroscopy was used during intu-
bation and it was estimated that 30 cm of jejunum 
were visualized. Several more reports followed 
using this instrument.

Push enteroscopy changed in 1983 when 
Parker and Agayoff reported that a colonoscope 
could be safely used instead of a designated 
instrument [11]. They gas sterilized the instru-
ment prior to its use. This advancement made 
enteroscopy available to all endoscopists. The 
other major advance was the acceptance of push 
enteroscopy as the preferred method to obtain 
small bowel biopsies. The idea of visually 
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directed biopsies was attractive and Parker and 
Agayoff confirmed that the tissue samples 
obtained allowed for an adequate diagnosis when 
compared with suction tube biopsies—the stan-
dard at that time. Several studies confirmed the 
value of obtaining small bowel biopsies with an 
endoscope. The advantage of endoscopy over the 
Rubin tube was twofold. First, the endoscopist 
could visually inspect the mucosa and second, 
repeated biopsies were possible without remov-
ing the instrument.

Push enteroscopy took its next step when lon-
ger instruments were developed, measuring 
200–225 cm in working length (Fig. 3.1). 
Stiffening overtubes were also created to allow 
even deeper small bowel intubation. By 1984, 
push enteroscopy had become mainstream. 
Several indications were proffered including 
evaluation of patients with obscure gastrointesti-
nal bleeding and for the placement of jejunal 
feeding tubes. Messer, using a pediatric colono-
scope, reported finding the bleeding site in 20 of 
52 patients with obscure gastrointestinal bleeding 
[12]. Findings included angiodysplasias in 9 and 
small bowel tumors in 11. Foutch used an orally 

passed adult colonoscope and reported a yield of 
38 % in 39 patients [13]. Chong reported finding 
a possible cause of bleeding in 64 % of 55 patients 
using the newer push enteroscope in combination 
with an overtube [14]. Push enteroscopy was 
therapeutic as well. Using bipolar cautery, Foutch 
was able to fulgurate angiodysplasias in 11 of 12 
patients [13] and control of bleeding was attained 
in 8 of 11 treated patients. Askin and Lewis fol-
lowed 55 patients who had cauterization of jeju-
nal angiodysplasias for an average of 3 years 
[15]. This group required significantly fewer total 
transfusions when compared with their precau-
terization status as well as when compared to a 
cohort of patients who were not cauterized. 
Morris confirmed the effectiveness of cauteriza-
tion at push enteroscopy in a group of 11 transfu-
sion dependent patients [16].

It was 1982 when the first report demonstrated 
the use of enteroscopy in the diagnosis of a small 
bowel tumor. Shinya reported on the initial use of 
both sonde and push enteroscopy and described 
finding a duodenal adenocarcinoma and a jejunal 
hemangiolymphangioma [17]. The role of enter-
oscopy in the diagnosis of small bowel tumors has 
developed since that time. Often, small bowel 
tumors were diagnosed by other means and were 
confirmed by enteroscopy. Parker reported find-
ing a large neurofibroma within the proximal jeju-
num [11]. Hashmi reported a 22-year-old woman 
presenting with melena [18]. The jejunal leiomy-
oma was diagnosed initially by angiography and 
was subsequently confirmed by push enteroscopy 
and enteroclysis. Shigematsu reported three 
patients with lymphangiomas of the small bowel 
diagnosed on small bowel series and subsequently 
confirmed on push enteroscopy [19]. Watatani 
reported, in 1989, a 73-year-old woman with nau-
sea and vomiting in whom a small bowel series 
showed a distal duodenal lesion [20]. Push enter-
oscopy not only confirmed this lesion, but a 
biopsy was performed that revealed this to be 
adenocarcinoma preoperatively.

Push enteroscopy was also used to place jeju-
nal feeding tubes. The initial idea was to carry a 
transgastric jejunal tube through a previous gas-
trostomy into the jejunum. Direct percutaneous 
jejununostomies were the next to be described. 

Fig. 3.1 X-ray of push enteroscopy using a 2 m long 
instrument
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Nasojejunal feeding tubes were also placed. The 
enteroscope was advanced to the jejunum, a guide-
wire was advanced through the instrument and 
the instrument was removed leaving the guide-
wire. The wire was transferred through the nasal 
passage and then using the Seldinger technique, 
the nasojejunal tube was positioned. This was 
used for feeding as well as to place catheters for 
enteroclysis and to obtain cholangiograms in 
patients after Roux-en-Y hepatic jejunostomies. 
Polypectomies were described as well as surveil-
lance of patient with polyposis syndromes.

The rope-way method of enteroscopy was the 
oldest method to totally intubate the small intes-
tine [21, 22]. It was in 1972, 4 years after the 
first description of colonoscopy, that Classen 
reported this procedure. The technique involved 
having a patient swallow a guide string and 
allowing it to pass through the rectum. The 
string was then exchanged for a somewhat 
stiffer Teflon tube over which an endoscope was 
passed. A complete endoscopic examination 
was obtained with this method. The instruments 
were fully therapeutic including cauterization 
and polypectomy. Unfortunately, the exam was 
painful due to tightening of the guide-tube and 
often-required general anesthesia. Due to patient 
discomfort, length of time necessary for string 
passage and development of better-tolerated 
techniques, the rope-way method was aban-
doned. Classen abandoned the technique shortly 
after his first report and described it as a “rigor-
ous procedure” that was “traumatic to the 
patient.” Video rope-way enteroscopes were 
also developed but these had the same limita-
tions of the non-video versions [23].

Another development was endostomy, a pro-
cedure that involved creating an enterocutaneous 
fistula that could then allow a thin endoscope to 
intubate the small bowel [24]. Frimberger 
reported this technique in one patient. The fistu-
lae were created using standard Ponsky gastros-
tomy techniques in the jejunum and in the cecum. 
After the tracts matured in 8–10 days, thin (4 mm 
diameter) prototype endoscopes were inserted 
through the jejunostomy and cecostomy to evalu-
ate the intestine. Although innovative, this proce-
dure was never accepted.

The last of the historical procedures is sonde 
enteroscopy. This was termed small bowel enter-
oscopy or long tube enteroscopy. The term sonde 
came from the French word for probe. In essence, 
it was an endoscopic Cantor tube, used for small 
bowel obstruction. A thin transnasal endoscope 
had a hood or balloon on its tip that allowed peri-
stalsis to drag the instrument distally (Fig. 3.2). 
The endoscopic exam was performed during 
withdrawal of the scope. Development of sonde 
enteroscopy spanned nearly 13 years [25]. 
Prototype SSIF (sonde small intestinal fiber-
scope) I thru IV had narrow fields of vision (60°) 
and a large diameter (11 mm). Initially, a metal 
hood was placed at the instrument tip and used to 
induce distal passage. Subsequent prototypes had 
utilized a balloon at the tip that was inflated upon 
placement in the small bowel. Early enteroscopes 
were fitted with magnifying lenses to evaluate 
villi shape and were used in the diagnosis of 

Fig. 3.2 Patient undergoing sonde enteroscopy while the 
instrument was carried into the small bowel by peristalsis

B.S. Lewis



33

tuberculosis and malabsorption states [26]. 
Attempts to introduce tip deflection capability in 
the fifth prototype made the instrument too stiff 
for distal intubation [27, 28]. Oral passage, which 
was required with these thick instruments, was 
associated with patient salivation, gagging, and 
considerable discomfort [29]. A thin, flexible, 
transnasal enteroscope was developed in 1986 
[30] with a tip diameter of 5 mm and a length of 
2,560 mm. The instrument’s forward angle of 
view was initially 90°, but was subsequently 
increased to 120°. This instrument, in contrast to 
a push enteroscope, had no biopsy or therapeutic 
capability and no tip deflection. An attempt to 
add biopsy capability to this instrument in the 
tenth prototype was successful, but targeting the 
biopsy remained a problem since there was no tip 
deflection [31]. The major standard sonde entero-
scope, the SIF-SW (small intestinal fiberscope—
sonde, wide) did not have this biopsy channel, 
but remained transnasally passed with a fisheye 
lens (Fig. 3.3). Video technology was also applied 
to sonde enteroscopy. Dabezies reported on a 
video sonde enteroscope used in seven patients 
[32]. The instrument’s tip measured 11 mm, due 
to the presence of the video chip, necessitating 

oral passage. The instrument did not use a bal-
loon, and depth of intubation was limited.

The original technique to position a sonde 
enteroscope within the jejunum was to pass the 
instrument transnasally, lay the patient on their 
right side and follow the patient with sequential 
fluoroscopy. My first exposure to sonde enteros-
copy was watching a videotape of Dr. Tada per-
forming the examination on himself! A technique 
to rapidly place the enteroscope into the jejunum 
was developed to shorten the examination time. 
This rapid technique used a push enteroscope to 
grasp a suture affixed to the sonde instrument tip 
and actually “push” the scope into the jejunum 
(Fig. 3.4). The advantage of this technique was 
that it permitted total or near total small bowel 
intubation within 8 h and thus allowed the proce-
dure to be performed on an ambulatory basis. The 
original technique averaged 24 h.

Sonde enteroscopy proved itself useful in the 
evaluation of the patient with presumed small 
intestinal bleeding. Initially, Lewis and Waye 
reported results of the technique in 60 patients 
with obscure gastrointestinal bleeding. In this 
report, a small bowel site of blood loss was 
detected in 33 % [33]. A later report by Lewis 
detailed results in 504 patients [34]. In patients 
with obscure gastrointestinal bleeding, combined 
push and sonde enteroscopy documented find-
ings in 42 % of patients. Eighteen percent of the 
lesions were found in the region covered by push 
enteroscopy but distal to the area examined by 

Fig. 3.3 X-ray of sonde enteroscopy with total small 
bowel intubation

Fig. 3.4 Insertion of sonde enteroscope with orally 
passed colonoscope
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standard upper endoscopy. Twenty-six percent of 
the lesions were found in the remaining bowel 
examined by sonde enteroscopy. Vascular ecta-
sias constituted 80 % of the findings overall and 
small bowel tumors accounted for 10 %. Several 
of the tumors discovered occurred in patients 
after a falsely negative enteroclysis [35]. Similar 
experience using sonde enteroscopy was reported 
by Barthel with a yield of 27.8 % in 18 patients 
[36], by Gostout with a yield of 26 % in 35 
patients [37], and by Morris with a yield of 38 % 
in 65 patients [38].

Significantly, the nature of vascular lesions 
was better understood from these studies. Lewis 
reported an average age of 69 years in 102 patients 
with small intestinal angiodysplasias, without a 
sex predilection [33]. Angiodysplasias of the 
small bowel presented with either brisk or occult 
bleeding. Patients usually had only fecal occult blood 
test positivity or melena. Red or maroon blood 
per rectum was uncommon. Lewis reported that 
melena was the presenting sign in 64 % of 102 
patients with bleeding small bowel angiodyspla-
sias, while 36 % had occult blood in the stool. His 
findings also confirmed autopsy data by Meyer 
[39] who reviewed 218 angiodysplasias and 
found 2.3 % in the duodenum, 10.5 % in the jeju-
num, and 8.5 % in the ileum. Lewis also found 
that most patients had only a few vascular lesions 
that were countable, and all could be found 
within the same segment of small bowel. Diffuse 
lesions were much less common and were seen in 
less than 3 % of all patients with small bowel vas-
cular lesions.

Despite numerous advances in sonde enteros-
copy, it became clear that sonde enteroscopy had 
distinct disadvantages. The time required made it 
tedious for both patient and physician. Adhesions, 
strictures, and motility disturbances limited pas-
sive passage of the instrument. Even when com-
plete small bowel intubation was achieved, total 
mucosal inspection was never complete. The lack 
of tip deflection and the inability to readvance the 
instrument once withdrawal had begun limited 
the mucosal view. Instruments also proved to be 
fragile and only one patient could be examined 
per day using the one instrument. Although this 
technology was a major advance and helped 

define obscure gastrointestinal bleeding, sonde 
enteroscopy was found to be inefficient. At its 
heyday there were 29 centers offering sonde 
enteroscopy, but by 1999 there were only 10, and 
today it is totally forgotten.

Intraoperative enteroscopy remains the fall-
back procedure to allow total small bowel endo-
scopic examination when other procedures are 
unsuccessful. Colonoscopes are routinely 
employed for this examination, though a push 
enteroscope may also be used (Fig. 3.5). The 
instrument does not need to be sterile, since the 
recommended technique involves peroral intuba-
tion of the small intestine. The proximal jejunum 
is intubated prior to the performance of the lapa-
rotomy, since once the abdomen is open, it may 
be difficult to advance the instrument around the 
ligament of Treitz due to excessive, and unop-
posed, bowing of the endoscope shaft along the 
greater curvature of the stomach. With oral intu-
bation of an adult colonoscope, the endotracheal 
tube cuff may need to be deflated to permit pas-
sage of the wide caliber endoscope. Once the 
colonoscope is placed within the proximal jeju-
num, laparotomy is performed. A non-crushing 
clamp is placed across the ileocecal valve to pre-
vent distention of the colon with insufflated air. 
Colonic distention can lead to difficulties with 
subsequent abdominal closure.

The endoscopic exam is performed by having 
the surgeon grasp the endoscope tip and hold a 
short segment of bowel straight to allow endoscopic 

Fig. 3.5 The entire small bowel pleated onto a sterile 
colonoscope during intraoperative enteroscopy

B.S. Lewis
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inspection. The view is best seen by dimming the 
overhead lights, which also allows the surgeon to 
visualize the transilluminated bowel. Once exam-
ined both internally and externally, the small 
bowel is pleated onto the shaft of the endoscope 
and the next section of bowel is examined. Active 
bleeding within the small bowel may limit the 
effectiveness of this examination. Generally, 
examination is performed only during intubation 
since mucosal trauma occurs with the pleating 
and may be confused with the appearance of 
angioectasia on withdrawal [40]. Lesions identi-
fied with intraoperative enteroscopy are marked 
by the surgeon with a suture placed on the serosal 
surface of the small intestine. At the end of the 
examination, the endoscope is withdrawn and 
sites of resection are identified by the sutures. 
There are other techniques of intraoperative 
enteroscopy. This author performs an enterotomy 
through which an enteroscope covered by a ster-
ile plastic sheath is placed (Fig. 3.6).

Intraoperative endoscopy has been used for 
several reasons. It is presently the endoscopic 
method most widely used in identifying small 
intestinal sites of bleeding (Fig. 3.7). This most 
typically involves a bleeding site identified on cap-
sule endoscopy and not approachable by other 
endoscopic means. Intraoperative enteroscopy is 
also used in cases where surgical guidance is 

needed to limit small bowel resection. This is 
especially true in patients with hereditary hemor-
rhagic telangiectasia (HHT) syndrome where there 
are often diffuse lesions that are limited to the jeju-
num. The diffuse nature often limits enteroscopic 
management, and the surgeon needs to know 
where these lesions are located. Intraoperative 
enteroscopy is also used in patients with small 
bowel polyposis such as Peutz–Jeghers. Multiple 
polypectomies can be performed, and the specimens 
can be removed through enterotomy, limiting 
resection. Finally, intraoperative enteroscopy has 

Fig. 3.6 Intraoperative 
enteroscopy with 
instrument placed in sterile 
sleeve and then advanced 
into the small bowel

Fig. 3.7 Surgeons pleat the small bowel onto a colono-
scope at intraoperative enteroscopy
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been used to identify and guide resection of dia-
phragm disease of the small bowel caused by non-
steroidal anti- inflammatory drugs. These stenotic 
diaphragms of the small bowel are not palpable, 
and endoscopic guidance is often necessary 
intraoperatively.

 Conclusion

Enteroscopy has changed dramatically since these 
early days, and no longer is the small bowel consid-
ered the rare site of pathology nor considered an 
area not accessible by endoscopic means. Yet the 
development of present-day capsule endoscopy or 
balloon or overtube assisted enteroscopy came from 
the steady work of individuals who did not accept 
the norm and pushed endoscopy to new vistas.
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            Overview 

    CT enterography (CTE) has become a key com-
ponent for the diagnosis and management of 
small intestinal diseases and lesions. As a radio-
logic modality designed to optimize visualization 
of the small bowel and surrounding structures, it 
can be utilized for an extremely diverse set of 
indications. CTE in adult and pediatric Crohn’s 
disease patients can detect active infl ammation, 
stricturing disease, and penetrating complica-
tions, and assess response to medical therapy. It 
can also demonstrate extraintestinal infl amma-
tory bowel disease manifestations and alternate 
etiologies for a patient’s symptoms of abdominal 
pain or diarrhea. Additional CTE applications 
include the diagnosis of small bowel tumors and 
vascular lesions in patients with obscure gastro-
intestinal bleeding. These features have made 
CTE a vital tool in the clinician’s small bowel 
imaging armamentarium.  

    Introduction 

 CTE has gained widespread acceptance in 
abdominal imaging and gastroenterology as a 
powerful technique to visualize small bowel 
infl ammation and masses and to guide therapeu-
tic decision making. Its adoption was initially 
aided by recognition that small bowel fl uoros-
copy is limited in its visualization of mucosal 
detail compared to modern endoscopic tech-
niques [ 1 ,  2 ]. The past decade has provided 
evidence for the complementarity and unique-
ness of CTE fi ndings compared to capsule and 
balloon- assisted endoscopy, e.g., intramural 
and perienteric fi ndings that provide important 
adjunctive information not provided by direct 
luminal visualization [ 3 – 5 ]. For example, many 
small bowel tumors can arise within the small 
bowel wall with intact, overlying mucosa, and 
many complications of Crohn’s disease (such as 
perienteric fi stula or mesenteric venous throm-
boses) can directly affect management of care 
and are usually not that visualized at endoscopy. 
While vascular lesions are directly visualized 
with endoscopic techniques, CTE can provide 
important information relating to size and arte-
riovenous shunting that may infl uence treatment 
[ 6 ]. In this chapter, we highlight the imaging 
fi ndings at CTE, with an emphasis on differen-
tial diagnosis, summarize indications and evi-
dence for use of CTE, as well as review technical 
adaptations that maximize patient benefi t while 
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minimizing risk. Finally, we suggest a perspec-
tive for incorporating CTE into multimodality 
adult and pediatric GI practices.  

    General Principles and Patient 
Preparation 

 Prior to reviewing imaging fi ndings, a basic 
understanding of CTE patient preparation is 
necessary. CTE is an abdominopelvic CT in 
which patient preparation and image acquisition 
and reconstruction methods have been adapted 
to maximize visualization of the small bowel 
lumen, wall, and perienteric mesentery. Patient 
preparation requires ingestion of a relatively 
large volume of enteric contrast (900–1,800 cc) 
administered over 45–60 min prior to CT exami-
nation to distend the small bowel lumen [ 7 – 9 ]. 
The enteric contrast agent is selected based on 
potential pathologies and the patient’s ability 
to ingest different agents, but most small bowel 
pathologies are best visualized with the use of 
neutral enteric contrast, which possesses CT 
attenuation similar to water. Hyperenhancing 
masses and infl ammation and vascular structures 
are conspicuous when juxtaposed against low- 
attenuation perienteric fat and a neutral enteric 
contrast agent [ 10 ,  11 ]. Most neutral contrast 
agents contain sugar alcohols or similar sub-
stances, which retard water absorption along the 
small bowel to result in better luminal disten-
sion [ 9 ]. Owing to the need for patient ingestion, 
CTE is generally performed as an outpatient 
procedure; when performed in the emergency 
room or hospital, it is often performed only with 
water. CTE is usually performed as a single 
acquisition, usually in the “enteric phase” of 
contrast enhancement, approximately 50 s after 
the start of intravenous injection, as this is the 
time period of maximal small bowel enhance-
ment [ 12 ]. When synchronous imaging of other 
organs, such as the liver, is required, hepatic 
phase imaging can also be performed without 
demonstrable loss in performance for identifi -
cation and staging of Crohn’s disease [ 13 ]. For 
patients with potential pancreatic or small bowel 
pathology, the timing of the “pancreatic phase” 

of enhancement is identical to the enteric phase. 
Multiphase CTE is reserved for detection and 
characterization of causes of obscure gastro-
intestinal bleeding, as multiphasic exams are 
required to confi dently diagnose active bleeding 
(as demonstrated by extravasation of intrave-
nous contrast into the bowel lumen) and vascular 
lesions [ 14 ]. Patient preparation, image acquisi-
tion, and reconstruction parameters are tailored 
to meet the individual needs of each patient and 
their indication for imaging, or diagnostic task 
(see later section: Adaptations).  

    Imaging Findings 

 Visual review of CTE fi ndings can be classifi ed 
according to the small bowel segment (i.e., duo-
denum, jejunum, or ileum); mural thickening and 
enhancement, symmetry, and location within the 
bowel wall (i.e., intramural, luminal, or related to 
diverticula); and perienteric fi ndings. The distri-
bution and enhancing nature of the lesions will 
further aid in differential diagnosis and guide 
subsequent imaging and treatment options. 

    The Normal Small Bowel 

 Radiologists and gastroenterologists should be 
familiar with the appearance of the normal bowel 
at CTE. The jejunum demonstrates numerous 
feathery folds, the valvulae conniventes. The 
jejunal and ileal wall thickness should be 3 mm 
or less when the small bowel is distended, but can 
be thicker when collapsed or in peristalsis. Owing 
to the feathery valvulae conniventes, the jejunum 
wall is often falsely interpreted as having mural 
thickening when the lumen is only collapsed and 
the folds are coapting with each other (Fig.  4.1 ). 
The duodenum has a similar appearance to the 
jejunum, with the transverse portion crossing 
underneath the SMA to enter the left upper quad-
rant. The proximal jejunum may be located in the 
left upper quadrant or may cross into the right 
lower quadrant. Both the duodenum and jejunum 
will enhance to a substantially greater degree 
than the ileum during the enteric phase, with 
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enhancement becoming more similar across the 
length of the small bowel in later phases of 
enhancement [ 15 ]. The terminal ileum enters the 
cecum at the ileocecal valve, which has a “fi sh-
mouth” shape and is located within a cecal fold 
(Fig.  4.2 ). It is normal for the terminal ileum to 
contain intramural fat, and this should not be 

regarded as a sign of chronic infl ammation within 
the terminal ileum, as it is in other enteric loca-
tions [ 16 ]. The small bowel vasculature should 
be carefully evaluated along with the small 
bowel. The mesenteric arteries are best evaluated 
on the sagittal view; the mesenteric veins are best 
appreciated on coronal images.    

  Fig. 4.1    Normal appearance of jejunum at CT enterogra-
phy. Note thin and regularly spaced valvulae conniventes 
in distended jejunum ( a ). Collapsed jejunum in another 
patient at CT enterography ( b ) shows normal appearance 

as lumen collapses and jejunal folds coapt together. Forty 
minutes after CT in ( b ), patient underwent MR enterogra-
phy showing normal jejunal loops and folds ( c )       

  Fig. 4.2    Coronal CT enterography images showing nor-
mal appearance of terminal ( a ,  arrow ) and distal ( b , 
 between brackets ) ileum. Note paucity of folds, thin wall, 

and slightly decreased mural enhancement.  Small arrows  
( a ) show ileocecal valve, which is located within a haus-
tral fold in the cecum       
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    Mural Findings 

 Mural hyperenhancement is generally seen in 
the presence of mural thickening, and it is a 
nonspecifi c sign of infl ammation or altered per-
fusion. The combination of segmental mural 
hyperenhancement and mural thickening is 
specifi c for Crohn’s disease when the enhance-
ment and mural thickening are asymmetric with 
respect to the bowel lumen—for example, worse 
along the mesenteric border (Fig.  4.3 ). Similar 
to fi ndings at small bowel follow-through where 
the mesenteric border linear ulcers are patho-
pneumonic for Crohn’s disease, infl ammation 
as represented by CT fi ndings of hyperenhance-
ment and mural thickening are seen most promi-
nently along the mesenteric border, often with 
pseudosacculation along the anti-mesenteric 
border, with prominent vasa recta that supply 
the infl amed bowel segment. Jejunal Crohn’s 
involvement occurs in about 15 % of Crohn’s 

patients, is associated with an increased inci-
dence of stricturoplasty and hospitalizations 
[ 17 ], and is frequently  overlooked by novice 
radiologists and gastroenterologists (Figs.  4.4  
and  4.5 ). While there are a number of other 
causes of segmental jejunal hyperenhancement 
and mural thickening, including infection (often 
giardia), ulcerative jejunitis in sprue, vasculitis, 
and systemic infi ltrating diseases, only Crohn’s 
disease typically involves the bowel in an asym-
metric fashion (whether proximal or distal). 
Segmental hyperenhancement without wall 
thickening can be seen in early Crohn’s disease, 
as well as other causes of hyperenhancement, 
and generally refl ects more mild degrees of 
infl ammation. Radiation enteritis and NSAID-
related diaphragm disease also demonstrate seg-
mental hyperenhancement in conjunction with 
focal strictures in the mid to distal small bowel. 
Both types of strictures are short (often 1–2 cm) 
and symmetric with respect to the bowel lumen 

  Fig. 4.3    Typical appearance of Crohn’s ileitis at CT 
enterography in patient with erythematous mucosa at ile-
oscopy. Note mural thickening and hyperenhancement of 
terminal ileum on axial and coronal images ( a – c ,  arrows ). 
In distal ileal loops, infl ammation as demonstrated by 
hyperenhancement and wall thickening is more prominent 

along the mesenteric border ( c ,  between brackets ), so is 
asymmetric with respect to bowel lumen. Multiple skip 
lesions ( d ,  arrow ) are present in the mid-ileum. Findings 
demonstrate the complementarity of CT enterography 
with endoscopic assessment. Biopsy at ileoscopy showed 
active and chronic ileitis       
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[ 18 ,  19 ]. Strictures in the setting of radiation 
enteritis occur in small bowel with abnormal 
enhancement, while those in diaphragm disease 
have variable (often mild) hyperenhancement 
with intervening regions of normal-appearing 
bowel. Celiac sprue typically  manifests as nor-
mally enhancing jejunal loops that have lost 

valvulae conniventes due to villous atrophy, 
usually with fold reversal (or increased number 
of folds) in the ileum (Fig.  4.6 ). Hypoenhancing 
bowel can be a worrisome fi nding for ischemia, 
and when pneumatosis is present, infarction is 
often present. As ischemia generally frequently 
occurs in the setting of high- grade small bowel 

  Fig. 4.4    Typical fi ndings of jejunal Crohn’s disease in 
18-year-old Crohn’s patient with asymmetric thickening 
and hyperenhancement of multiple loops ( a ,  arrows ). After 

combination therapy (infl iximab combined with azathio-
prine), CT enterography 2 years later demonstrates normal 
appearance to the previously infl amed jejunal loops ( b )       

  Fig. 4.5    CT enterography images from another patient 
with jejunal Crohn’s disease show normal-appearing jeju-
num ( open arrow ,  a ) superior to infl amed jejunum ( a ,  solid 
white arrow ). Note prominent vasa recta along mesenteric 

border of other jejunal loops ( b ,  arrows ), in addition to 
disruption of fold pattern and asymmetric enhancement. 
Some infl amed loops have a layered or stratifi ed appear-
ance to the thickened bowel wall ( a – c ,  arrow )       
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obstruction or vascular occlusion, pneumato-
sis cystoides coli and benign pneumatosis are 
not infrequently observed in outpatient CTE 
(Fig.  4.7 ). Focal regions of wall thickening with 
hypo- or isoenhancement may also represent 
intramural hemorrhage or lymphoma (described 
later) [ 20 ].      

 Mural thickening is generally considered to be 
present when greater than 3 mm in a distended 
bowel segment. When segmental mural thicken-
ing is combined with segmental hyperenhance-
ment, fi ndings usually refl ect infl ammatory or 
infectious etiologies. Symmetrical involvement 
in the proximal small bowel can be seen in ulcer-
ative jejunitis and/or infectious jejunitis, such as 
neutropenic enteritis or giardia. For ulcerative 
jejunitis, other fi ndings such as relative loss of 
valvulae conniventes are helpful. Symmetrical 

mural thickening combined with straightened 
and dilated bowel loop is often seen in ACE- 
related angioedema, venous compromise (such 
as from SMV thrombosis or carcinoid tumor), or 
pancreatitis. ACE-related angioedema is usually 
seen in women and may or may not be associated 
with fi rst exposure to an ACE inhibitor. It is man-
ifest by general bowel wall edema, and segmental 
luminal dilation, often with localized ascites and 
mesenteric edema [ 21 ]. Hyperenhancement of 
affected loops is normal or relatively mild with 
symmetric bowel wall edema present. SMV 
thrombosis, and segmental hemorrhage in antico-
agulated patients, can also present with long 
 segment mural thickening with or without hyper-
enhancement, and correlative fi ndings in the 
SMV or solid organs should be searched for. 
Infi ltrating diseases such as systemic IgG-related 

  Fig. 4.6    CT enterography images demonstrating typical 
fi ndings of celiac sprue, including normally enhancing 
jejunal loops with loss of folds ( a – c ,  brackets ). Note fea-

tureless duodenum ( b ,  arrows ) and increased number of 
folds in the ileum (fold reversal;  c ,  arrows )       
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disease, mastocytosis, and amyloidosis are rarely 
seen, but they can also cause segmental bowel 
wall thickening (Fig.  4.8 ). In general, for infl am-
matory, vascular, and infi ltrative diseases, the 
bowel wall thickening will be less than 1.5 cm in 
diameter; neoplasm should be considered for 
focal regions of bowel wall thickening of greater 
degree [ 22 ]. Diffuse small bowel thickening can 
be seen in cirrhosis, graft-versus-host disease, 
and shock bowel, where correlation with patient 
history and other imaging fi ndings usually sug-
gests the diagnosis. Diffuse hyperenhancement 

of the bowel with mild and symmetric wall thick-
ening is seen in conjunction with CT signs of 
hypotension (e.g., fl at IVC) in patients with 
trauma-induced shock bowel, but similar fi ndings 
are seen in other conditions such as septic shock 
and cardiac arrest that cause hypotension [ 23 ].  

 Focal mural fi ndings in the small bowel are 
generally neoplastic or vascular, whereas luminal 
fi ndings include active bleeding and polyps or 
neoplasia. While adenocarcinoma is generally 
considered one of the more common small bowel 
neoplasms, carcinoid (neuroendocrine) tumors, 

  Fig. 4.7    Pneumatosis is observed throughout the 
ascending colon ( a ,  small white arrows ), with a small 
amount of free air underneath the liver ( a ,  black 
arrows ) on CT enterography performed for anemia. 
Coronal image of sigmoid colon also shows pneumato-

sis ( b ,  black arrows ). Patient was observed in hospital 
without treatment without deterioration. Imaging fi nd-
ings felt to represent benign pneumatosis potentially 
due to pseudo-obstruction or multiple prior enteroen-
teric anastomoses       
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gastrointestinal stromal tumors (GIST), and lym-
phoma are much more frequently seen at cross- 
sectional enterography. Now that multiphase 
CTE is often performed to evaluate for obscure 
GI bleeding, the unique morphologies of many of 
these tumors are being better appreciated. 

 Carcinoid tumors can appear as small hyperen-
hancing polyps, which grow within the bowel wall 
and over time will often become fl at or plaque-
like masses, often with luminal shouldering and 
serosal puckering or retraction (Figs.  4.9  and 

 4.10 ) [ 24 ]. Multifocal neuroendocrine tumors are 
frequently seen and are clustered within a small 
bowel (usually ileal) segment. As the tumor infi l-
trates through the vessel wall, typical patterns of 
metastatic lymphadenopathy are seen (Fig.  4.10 ). 
Neuroendocrine mesenteric and nodal metastases 
will often cluster along the regional mesenteric 
vessels and eventually cause vascular compro-
mise. Eventually, liver metastases will develop.   

 GIST tumors are generally hyperenhancing 
tumors, often with an exoenteric component, 

  Fig. 4.8    Diffuse and continuous jejunal mural thickening and enhancement ( a  and  b ,  arrows ) due to mastocytosis. Note 
mesenteric adenopathy ( small white arrow ,  b ), small amount of ascites ( b ), and diffuse sclerotic lesions in the bones ( c )       

  Fig. 4.9    Multiphase CT enterography performed for obscure 
GI bleeding demonstrates an enhancing ileal tumor ( a , 
 arrows ).    The mass demonstrates intense enhancement and 

serosal puckering ( small white arrow ), which is indicative of 
carcinoid tumors. Nodal metastases from carcinoid tumors 
typically occur close to mesenteric vessels ( b ,  arrows )       
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and may or may not show surface ulceration 
(Fig.  4.11 ). In contradistinction, some GIST 
tumors can be isoenhancing and intraluminal. 
Frequently, as the GISTs enlarge, they ulcerate 
and may lose typical hyperenhancement patterns. 
It may be useful to characterize the morphology of 
these masses with positive enteric contrast when 
needed. Occasionally, ectopic pancreas can mimic 
the appearance of GIST tumors in the proximal 
small bowel, as the ectopic tissue will also be exo-
enteric with respect to the bowel lumen.  

 Small bowel lymphomas occur as singular or 
multiple areas of focal bowel wall thickening. 
Unlike carcinoid or GIST tumors and Crohn’s 
disease, lymphomas typically are iso- or hypoen-
hancing compared to the adjacent bowel wall. 
The classic pattern for lymphoma is that of 
“aneurysmal ulceration,” meaning that the lumen 
of the small bowel tumor is markedly enlarged 
with thickening of the surrounding wall 
(Fig.  4.12 ) [ 25 ]. There will often be adjacent 
lymphadenopathy. Adenocarcinoma can be seen 

  Fig. 4.10    CT enterography performed for abdominal 
pain shows multiple enhancing ileal masses ( a  and  b , 
 arrows ), one with characteristic serosal puckering ( a , 
 small arrow ), indicating multifocal ileal carcinoid tumors. 

Mesenteric nodal metastasis ( c ,  arrow ) demonstrates typi-
cal fi ndings of enhancing mesenteric mass with radiating 
strands of desmoplasia to nearby small bowel loops and 
engorged mesenteric veins (due to obstruction)       

  Fig. 4.11    Typical 
appearance of small bowel 
gastrointestinal stromal 
tumor (GIST;  arrow ) at CT 
enterography. Axial image 
shows 2 cm hypervascular 
mass with intraluminal and 
exoenteric components       
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in isolation or in the setting of Crohn’s disease, 
where it can appear as a focal stricture with mural 
nodularity (Fig.  4.13 ) [ 26 ]. Adenocarcinomas are 
infrequently detected at CTE and do not demon-
strate a characteristic morphology.   

 Active bleeding at multiphase CTE is 
 demonstrated by progressive accumulation of 

intraluminal contrast over subsequent phases 
of enhancement (Figs.  4.14  and  4.15 ). Active 
bleeding may be associated with a neoplasm or 
vascular etiology, but in the case of a Dieulafoy 
lesion or focal ulcer, no other abnormality will 
be appreciated. Several studies have shown that 
bleeding rates detectable at CT angiography and 

  Fig. 4.12    Small bowel lymphoma ( a  and  b ,  arrows ) with marked wall thickening caused by iso- or hypo-attenuating 
tumor and enlargement of the bowel lumen (referred to as “aneurysmal ulceration”)       

  Fig. 4.13    Adenocarcinoma 
( arrows ) arising in setting 
Crohn’s disease in a patient 
with multiple strictures. 
Note high-grade partial 
obstruction and nodularity 
to the extraluminal margin       
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multiphase CTE are comparable to catheter angi-
ography [ 14 ]. Medication and radiopaque debris 
will also be bright at multiphase CTE, and will 
be unchanged in appearance between phases 
when slight movement of luminal contents due to 
 peristalsis is taken into account.   

 Vascular lesions at CTE are generally classi-
fi ed according to the method of Huprich and 
Yano as angioectasias, arterial lesions, and 
venous lesions [ 6 ]. Angioectasias are frequently 
multiple and seen in elderly patients. They appear 
as small or round intramural lesions, usually best 
seen in the enteric phase of enhancement. They 

are frequently multiple and are generally under-
estimated by CT compared to endoscopy. They 
are thought to arise from mesenteric veins that 
lack an internal elastic layer, with arteriovenous 
communication developing as the precapillary 
sphincter becomes incompetent [ 6 ]. Angioectasias 
and arterial lesions are also seen in the cecum and 
ascending colon with some regularity at multi-
phase CTE exam, and in this location, they are 
generally associated with arterial shunting and an 
enlarged draining vein. Arterial lesions are best 
seen in the arterial phase and may or may not 
have an enlarged draining vein. Because of avid 

  Fig. 4.14    Axial enteric and delayed-phase images ( a  and 
 b , respectively) demonstrate progressive accumulation of 
intravenous contrast dependently within the cecum, indi-
cating active bleeding ( a  and  b ,  arrows ). Coronal maxi-

mum intensity projection images ( c ,  inset ) show nodular 
tufts of vessels in the wall of the cecum. Patient was 
treated with argon plasma coagulation and hemoclips       

  Fig. 4.15    Coronal arterial-, enteric-, and delayed-phase 
images ( a ,  b , and  c , respectively) from a multiphase CT 
enterography demonstrate progressive accumulation of 
intravenous contrast within the jejunal lumen between 
the arterial and enteric phases ( b ,  arrows ). Delayed-phase 

images show movement and dilution of intraluminal con-
trast ( c ,  arrow ). Findings indicate active jejunal bleeding. 
Small bowel enteroscopy identifi ed a Dieulafoy lesion 
at this location, which was treated with argon plasma 
coagulation       
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arterial enhancement, there is the potential for 
large amounts of bleeding. Arterial lesions 
include angioectasias with arterial shunting, 
Dieulafoy lesions, and arteriovenous fi stulas. 
Venous lesions are a heterogeneous group of dis-
orders, with varices frequently seen in patients 
with cirrhosis or chronic mesenteric venous 
thrombosis from Crohn’s disease. Younger 
patients often have large congenital vascular mal-
formations, often in conjunction with other 
known vascular lesions, e.g., Klippel-Trenaunay- 
Weber syndrome (Fig.  4.16 ).  

 CTE surveillance for polyps and masses can 
be performed in addition to magnetic resonance 
(MR) enterography or enteroclysis in patients 
with polyposis syndromes. In these patients, 
 polyps and neoplasia occur within the lumen, so 
positive enteric contrast is often used. Because of 
the high attenuation differences between positive 

contrast and the fi lling defects of polyps, radia-
tion doses can be markedly reduced to levels used 
for CT colonography (Fig.  4.17 ).  

 Morphologic abnormalities constitute a hetero-
geneous group of disorders, including malrotation, 
small bowel diverticulosis, Meckel’s diverticulum, 
and postoperative anastomoses. Intestinal malro-
tation predisposes to midgut volvulus. Findings 
of small bowel nonrotation include ascending 
colon and cecum in the midline, redundant duo-
denum with ligament of Treitz in the right upper 
quadrant, and rounding of the uncinate  process of 
the pancreas [ 27 ]. Patients with non-rotation and 
intermittent small bowel volvulus often present for 
outpatient imaging when the small bowel volvulus 
has resolved. They should be informed of fi ndings 
so that they can present to the ER if acute, unre-
lenting pain occurs as prompt surgical treatment 
may be required. 

  Fig. 4.16    Large jejunal vascular malformation with 
phleboliths on precontrast imaging ( a ,  inset ), and blood-
fi lled spaces that enhanced slowly with time after contrast 
( a ,  arrows ), in patient with presumed Klippel-Trenaunay-

Weber. Another patient with an ileal vascular malforma-
tion with dilated intramural vessels ( b ,  arrows ) and a large 
draining vein ( b ,  inset )       
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 Small bowel diverticula can be mistaken for a 
small bowel loop on a single cross-sectional 
image. In volumetric datasets from CT and MR 
enterography, the fi ndings are unmistakable, but 
they are often overlooked. The lumen of the jeju-
num will have valvulae conniventes, whereas 
diverticula will not. Jejunal or ileal diverticulitis 
can occur when a diverticulum becomes infl amed 
or perforated (Fig.  4.18 ). Meckel’s diverticulum 
is a frequent cause of obscure gastrointestinal 
bleeding in young and middle-aged patients. 
Bleeding from Meckel’s can occur due to ulcer, 

infl ammation, neoplasm, or ectopic gastric 
mucosa within the diverticulum. Often, the diver-
ticulum will be large and may contain a focal area 
of hyperenhancement or luminal defect corre-
sponding to one of these abnormalities.   

    Extraenteric Findings 

 Extraenteric fi ndings can often be an impor-
tant clue to infl ammatory bowel disease or its 
complications (Fig.  4.19 ). Penetrating Crohn’s 

  Fig. 4.17    Single-phase CT enterography with positive 
oral contrast demonstrates multiple polyps ( b – c ,  arrows ), 
including a recurrent polyp ( b ,  arrow ). Positive contrast 
enteroclysis or enterography can be performed at low 

radiation doses because suspected pathology is known to 
be located in the small bowel lumen, as opposed to the 
wall or perienteric tissues       

  Fig. 4.18    Just superior to two ileal diverticula ( a ,  small 
arrows ), a large ileal diverticulum is seen ( b ,  arrow ) with 
stranding in the surrounding perienteric fat ( b  and  c ,  small 

arrows ) and localized perienteric air ( c ,  brackets ), indicat-
ing perforated ileal diverticulitis       
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disease is manifest by sinus tracts, fi stulae, 
infl ammatory mass, and abscess. Small bowel 
fi stulas (e.g., enterocolic fi stula or entercutane-
ous fi stulas) appear as enhancing, extraenteric 
tracts that arise from infl amed small bowel 
loops, and often distort or tether loops from 

which they arise [ 28 ]. Complex, branching fi s-
tulas will form asterisk- shaped fi stulae com-
plexes that will involve multiple small bowel 
loops (Figs.  4.20  and  4.21 ). Fistulas that extend 
to the retroperitoneum will often form abscesses 
along the iliopsoas muscle. Perianal  fi stulae 

  Fig. 4.19    Patient with history of indeterminate colitis 
underwent CT enterography showing pancolitis with pat-
ulous ileocecal valve ( a ), characteristic of ulcerative coli-
tis. Coronal liver images show mild intrahepatic biliary 
dilation ( b ,  large arrow ) extending inferiorly into the right 

lobe ( b ,  small arrow ) with periductal perfusion abnormal-
ities ( b ,  oval ), suggesting cholangitis. Patient underwent 
ERCP ( c ) demonstrating a localized stricture at the bifur-
cation of the intrahepatic ducts and mild changes of intra-
hepatic primary sclerosing cholangitis       

  Fig. 4.20    CT enterography images from anterior to pos-
terior demonstrate complex, penetrating ileocolic Crohn’s 
disease. Fistulas appear as extraenteric tracts with tether-
ing of affected bowel loops (enteroenteric fi stula,  a — large 

arrow ; ileocecal fi stula,  c — arrows ).  Middle image  shows 
fi stula to abdominal wall ( b ,  arrow ) that has resulted in 
abdominal wall abscess ( b ,  inset )       
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suggest Crohn’s disease as the etiology in 
patients with infl ammatory colitis without small 
bowel involvement. While perianal fi stulas and 
abscesses are often detected at CTE, they are 
poorly characterized in terms of their anatomic 
location compared to dedicated  perineal MR 
imaging. Low-kV imaging techniques gener-
ally increase the conspicuity of perianal fi stulas. 
Chronic perianal fi stulas and anovaginal fi stulas 
are often not seen at CTE.    

 Vascular and mesenteric fi ndings are often 
associated with Crohn’s disease. The “comb 
sign” represents engorged vasa recta that supply 
infl amed bowel segments (Fig.  4.22 ) and are 
associated with increased rates of hospitalization 
and TNF response [ 29 ]. Fibrofatty proliferation 
is often associated with mesenteric border infl am-
mation, and displaces bowel loops (Fig.  4.22 ). 
Mesenteric venous thrombosis can be located 
centrally in the superior mesenteric vein and 

  Fig. 4.21    Chronic superior mesenteric vein thrombosis 
in a patient with asterisk-shaped enteroenteric and entero-
colic fi stulae complex ( a ,  arrows ). Axial images demon-
strate normal caliber superior mesenteric vein at the level 

of pancreatic head ( b ,  arrow ) that becomes diminutive 
inferiorly at the level of transverse duodenum ( c ,  arrow ). 
Even more inferiorly, enlarged peripheral mesenteric 
venous collaterals are seen ( c ,  inset )       

  Fig. 4.22    Perienteric and acute and chronic Crohn’s 
infl ammation. Acute and chronic Crohn’s infl ammation is 
evidenced in small bowel loops with mural stratifi cation 
with synchronous fi ndings of submucosal fat (prior 
infl ammation) and inner wall hyperenhancement (current 
infl ammation;  a  and  b ,  arrows ). The “comb sign” ( a , 
 brackets ) refers to engorged vasa that enter the small 

bowel or colon at a right angle ( a ,  bracket ). This imaging 
fi nding is associated with moderate to severe active 
infl ammation. Mesenteric border infl ammation (evi-
denced by mural hyperenhancement and wall thickening; 
 small arrows ,  c ) in a third patient is also indicative of 
Crohn’s enteric infl ammation, and is associated with anti-
mesenteric sacculation and fi brofatty proliferation (“F”)       
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 portal vein, or in smaller, peripheral mesenteric 
veins. Central mesenteric thromboses frequently 
completely recanalize, while peripheral ones 
often result in lasting venous narrowing (i.e., 
chronic peripheral mesenteric vein thrombosis), 
and result in collateral vessel formation, includ-
ing the development of varices (Fig.  4.21 ) [ 30 ].  

 Reactive lymph nodes are a hallmark of 
Crohn’s disease, where they are often numerous. 
For colorectal Crohn’s disease, reactive lymph 
nodes are characteristically located in the perico-
lonic fat between the engorged vasa recta, 
whereas reactive mesenteric lymph nodes for 
small bowel Crohn’s are usually located within 
the central mesentery. Lymph nodes greater than 
1.5 cm are considered by some to be abnormal. 
As mentioned, metastatic lymphadenopathy from 
small bowel neuroendocrine tumors has a 
 characteristic appearance. It clusters along lymph 
nodes, and owing to the serotonin release, often 
creates radiating strands of desmoplasia to adja-
cent small bowel loops, often with characteristic 
punctate calcifi cation.   

    Indications and Evidence 

    Crohn’s Disease 

    Natural History 
 The natural history of Crohn’s disease in indi-
vidual patients is varied. Different initial presen-
tations of the disease, age at disease onset, and 
extent and location of disease involvement have 
been shown to suggest different phenotypes with 
different disease courses and complications. 
Therefore, the optimal imaging modality and 
timing will vary from patient to patient. Pigneur 
et al. showed that disease onset in childhood ver-
sus adulthood portends more active disease 
requiring more immunosuppressive therapy [ 31 ]. 
These patients require more frequent imaging 
specifi cally assessing for active infl ammation 
and response to treatment changes. Cosnes et al. 
showed that the initial location of disease can 
predict the development of subsequent stricturing 
or penetrating complications [ 32 ]. Given the fre-
quent asymptomatic nature of these complica-

tions in many patients [ 28 ,  33 ], cross-sectional 
radiologic surveillance to guide medical manage-
ment is often helpful. And fi nally, Crohn’s dis-
ease is a chronic disease process requiring 
ongoing imaging monitoring, with 70–80 % of 
patients requiring surgery at 20 years and many 
patients experiencing disease recurrence requir-
ing reoperation within several years [ 34 ].  

    Mucosal Reference Versus Integrated 
Reference, and Endoscopic Skipping 
of the Terminal Ileum 
 Early studies of CTE compared CT fi ndings to 
fl uoroscopic small bowel follow-through, which 
is an inadequate reference standard for mucosal 
infl ammation when compared to optical tech-
niques. Consequently, early CTE studies com-
pared results to endoscopy in the terminal ileum 
in patients that could be assessed at ileocolonos-
copy [ 35 ]. Subsequent studies have suggested 
that the ileal mucosa can appear normal at ileoco-
lonoscopy in the presence of synchronous intra-
mural and proximal ileal infl ammation [ 3 ,  36 ]. 
Indeed, in just over 50 % of Crohn’s patients with 
normal fi ndings in the terminal ileum at endos-
copy [ 5 ], small bowel infl ammation will be 
unequivocally present, either intramurally within 
terminal ileum or in the proximal small bowel. 
This phenomenon may occur in an even higher 
percentage of pediatric patients than adults [ 37 , 
 38 ] and may herald aggressive disease. CTE is 
complementary to endoscopy in the assessment 
of small bowel involvement, as it readily shows 
disease involvement in segments of bowel not 
accessible by endoscope, as well as disease lim-
ited to the wall of the bowel and mesentery. 
Consequently, current reference standards for 
CTE studies usually include combined assess-
ment using endoscopy or surgery, serum markers, 
and other confi rmatory, cross-sectional imaging 
methods [ 3 ].  

    Clinical Benefi t: Adult IBD 
 Several observational studies have demonstrated 
the benefi t of CTE in making clinical decisions 
in the inpatient and outpatient settings. Higgins 
et al. showed that enterography imaging fi nd-
ings change the impression of steroid benefi t in 
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the majority of patients [ 39 ]. Bruining et al. pro-
spectively assessed the clinical benefi t of CTE in 
more than 250 patients with either established or 
suspected Crohn’s disease [ 40 ]. After gastroen-
terologists examined the patient and obtained the 
clinical history, they were asked to detail their 
pre-imaging clinical management plan and level 
of confi dence. After the CTE was performed, gas-
troenterologists were again asked for their man-
agement plan and level of confi dence. Bruining 
et al. found that in approximately half of patients 
with either established or suspected Crohn’s 
disease, CTE resulted in clinical management 
changes, and in 70 %, CTE fi ndings substantially 
improved clinician level of confi dence. 

 Two studies have examined the benefi t of 
CT in the ER. Israeli et al. found that in a series 
of Crohn’s patients presenting to the ER (80 % 
with abdominal pain), over 25 % had a small 
bowel obstruction and 8 % had penetrating 
disease, with management changes occurring 
on the basis of abdominal CT in over 80 % of 
patients (including 12 % of patients going to 
surgery) [ 41 ]. In a larger retrospective study of 
648 Crohn’s patients over an 8-year time frame, 
Kerner et al. found that the rate of penetrating 
disease, obstruction, or abscess was about 29 % 
and that about 35 % of patients had an abdomi-
nopelvic CT fi nding that necessitated treatment 
[ 42 ]. They concluded that “these numbers refl ect 
the fact that patients with Crohn’s disease are at 
high risk for complications given the nature of 
their disease and the risks of immunosuppres-
sion … Although radiation exposure in patients 
with Crohn’s disease is a concern, clinicians 
must also weigh the risk of missing a potential 
urgent diagnosis when they forgo CT” [ 42 ].  

    Clinical Benefi t: Pediatrics 
 Pediatric patients pose unique considerations for 
the imaging diagnosis and monitoring of infl am-
matory bowel disease and many factors need to 
be considered when determining the appropriate 
imaging modality to be used. 

 CTE is often used in conjunction with ileoco-
lonoscopy as one of the fi rst imaging studies to 
establish a diagnosis of infl ammatory bowel dis-
ease and distinguish between ulcerative colitis 

and Crohn’s disease. CT offers superior spatial 
resolution and ability to assess all segments of 
bowel [ 43 ]. In addition, CT is often used in 
patients with known infl ammatory bowel disease 
in the setting of acute abdominal pain with fever, 
leukocytosis, obstructive symptoms, or suspicion 
of penetrating complications or perforation, due 
to its wide availability, rapid performance, and 
good tolerability. In this scenario, positive oral 
contrast or water is often used in place of neutral 
enteric agents even though this may decrease 
sensitivity for identifying Crohn’s small bowel 
infl ammation. Finally, CTE is often used for pro-
cedure planning when invasive intervention, such 
as stricturoplasty, surgical resection, abscess 
drainage, or colectomy, is being considered. The 
most signifi cant drawback of CTE is that because 
Crohn’s disease has a chronic remitting course 
requiring lifelong imaging for acute complica-
tions often requiring medical and surgical inter-
vention, the cumulative radiation dose of multiple 
CT exams can be substantial [ 44 ]. Therefore, in 
pediatric patients, medical justifi cation rests on 
the perceived medical benefi t for each exam (e.g., 
identifi cation of abscess for antibiotic treatment, 
or obstruction evaluation for potential surgery). 

 MR enterography (MRE) is utilized most 
often for monitoring of disease activity and 
response to treatment, offering global assessment 
of the bowel wall and extraluminal disease mani-
festations like CTE. Because no ionizing radia-
tion is utilized, MRE is the preferred imaging 
modality when evaluating asymptomatic patients 
[ 45 ]. MRE has been shown to be equally sensi-
tive to CTE for the detection of bowel infl amma-
tion [ 36 ,  46 ], and is felt to be superior to CTE in 
the detection and characterization of perianal fi s-
tulizing disease and detection of fi brosis [ 47 ]. 
MRE can, however, suffer from various artifacts, 
such as air in the bowel lumen and motion. MRE 
also has the drawbacks of being a lengthy exam, 
which may not be well tolerated in very young 
patients, symptomatic patients, and claustropho-
bic patients, and is more costly compared to 
CTE. Some institutions routinely sedate younger 
patients for MRE to improve tolerance of the 
exam; others do not, citing potential risk of aspi-
ration in anesthetized patients after oral contrast. 
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 Both CTE and MRE require the ingestion of a 
large amount of enteric contrast, which can be 
poorly tolerated by pediatric patients. Ultrasound 
is emerging as a viable alternative for monitoring 
of Crohn’s disease, with its application being par-
ticularly suitable to children and adolescents due 
to smaller body habitus and frequent lack of need 
for oral contrast. Ultrasound has the added bene-
fi t of interactive, real-time imaging, which allows 
the sonographer and radiologist to get feedback 
about symptom location and to assess for persis-
tence of bowel wall thickening, narrowing, and 
dilatation. Real-time assessment can increase 
confi dence that fi ndings are not artifactual, e.g., 
by observing and distensibility in a potentially 
stenotic segment. Contrast-enhanced ultrasound 
using microbubbles has been shown to improve 
detection and confi dence in active infl ammation 
of the bowel wall over thickening alone [ 48 ]. 
Analysis of the bowel wall vascularity pattern 
after administration of microbubbles has also 
been shown to assist in the differentiation of 
infl ammatory versus fi brotic strictures [ 49 ], and 
used to evaluate the response to treatment as 
manifested by wall enhancement and vascularity 
patterns [ 50 – 52 ]. Ultrasound may suffer from 
poor visualization of deeper bowel loops and 
decreased accuracy for global bowel assessment, 
particularly if enteric contrast is not utilized. 
Ultrasound is also heavily operator dependent, 
requiring experienced sonographers and radiolo-
gists for performance and interpretation.   

    Clinical Benefi t: Obscure 
Gastrointestinal Bleeding (Adult) 

 Early capsule endoscopy studies showed that tra-
ditional radiologic imaging with small bowel fol-
low-through and routine abdominal pelvic CT was 
ineffectual in detecting causes of obscure gastro-
intestinal bleeding [ 53 ]. Moreover, capsule endos-
copy has a very high yield of positive fi ndings in 
large series, particularly in patients with active 
bleeding [ 54 – 56 ]. However, as CTE and balloon-
assisted endoscopy techniques have developed, it is 
also clear that capsule endoscopy fails to identify 
many small bowel tumors, owing largely to their 

intermural or submucosal location. Compared to 
double-balloon endoscopy, capsule endoscopy may 
only identify about one- third of mass lesions [ 57 ]. 
In a retrospective study of 103 post-bulbar tumors, 
CTE found 91 % versus 30 % for capsule endos-
copy, and in the subset of patients undergoing both 
studies, CTE found 2–3 times as many tumors 
[ 58 ]. Finally, Huprich et al. performed prospec-
tive and retrospective studies examining the role of 
multiphasic CTE in identifi cation of small bowel 
bleeding sources in patients with obscure gastro-
intestinal bleeding [ 4 ,  59 ]. In a prospective study 
of 58 patients, capsule endoscopy demonstrated 
signifi cant fi ndings in 25 % of patients versus 
44–48 % for CTE. In nine confi rmed small bowel 
masses, CTE found 100 % versus 33 % for capsule 
endoscopy. The ASGE’s 2011 practice guidelines 
recommend consideration of multiphase CTE after 
repeat endoscopy. Shin et al. additionally found 
that positive multiphase CTE fi ndings occur more 
often in overt rather than occult obscure gastroin-
testinal bleeding, and that positive CTE fi ndings are 
associated with specifi c treatments and diminished 
rates of rebleeding [ 60 ]. Additionally, multiphase 
CTE may be particularly helpful in patients with 
nondiagnostic capsule fi ndings, such as nonspe-
cifi c blood in the small intestine or lesions without 
bleeding [ 61 ,  62 ]. Based on these and other studies, 
multiphase CTE is considered complementary with 
capsule endoscopy in defi ning the site and cause of 
obscure gastrointestinal bleeding, particularly when 
nondiagnostic or questionable fi ndings are seen at 
capsule endoscopy(e.g., due to stricture, motility, 
or dysphasia). Finally, multiphase CTE can be per-
formed and interpreted on the same day to quickly 
guide diagnostic workup in these patients, and to 
select patients for surgery or therapeutic angiogra-
phy in the case of small bowel tumors and active 
bleeding, or as an aid to visualization and treatment 
at subsequent balloon-assisted endoscopy.  

    Clinical Benefi t: Obscure 
Gastrointestinal Bleeding (Pediatric) 

 Gastrointestinal bleeding in the pediatric popu-
lation can be caused by a variety of conditions. 
Bleeding can be obscure and life threaten-
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ing. Pediatric patients can experience obscure 
 gastrointestinal bleeding secondary to the same 
etiologies as adults. In addition, some etiologies 
tend to present more commonly with gastroin-
testinal bleeding in children, such as Meckel’s 
diverticulum, Crohn’s disease, congenital vascu-
lar  malformations, and polyps. After upper and 
lower endoscopy fail to reveal a cause, and cap-
sule endoscopy is negative, radiologic workup 
is often initiated including nuclear medicine 
Meckel’s scan, conventional CT and CTE, and 
catheter angiography. 

 The use of CTE for obscure gastrointestinal 
bleeding in the pediatric population has not been 
studied as extensively as in the adult population. 
In fact, only one case series was found in the lit-
erature reporting the use of CTE for this indica-
tion. Davis et al. reported a series of six patients 
with prior negative imaging studies such as ultra-
sound and Meckel’s scan who underwent CTE 
[ 63 ]. In this cohort of patients, CTE was able to 
prospectively diagnose solitary polyps in two 
cases, multiple polyps in one case, a Meckel’s 
diverticulum in two cases, and an infl amed dupli-
cation cyst in one case. No cases of vascular 
anomalies of the bowel wall were found in these 
patients. Diagnostic yield remains unknown as 
the cases with negative CTE were not reported. 

 Meckel’s diverticulum in particular often 
poses a challenging clinical and radiologic diag-
nosis. Nuclear medicine Meckel’s scan with 
Tc-99m pertechnetate is the fi rst-line test ordered 
when a Meckel’s diverticulum is suspected, with 
sensitivity and specifi city reported to be 94 and 
97 % in the literature [ 64 ]. However, false 
 negatives do occur, and Meckel’s without ectopic 
gastric mucosa are not diagnosed. CTE can 
potentially give the diagnosis in these cases. 

 The instance of vascular anomalies including 
hemangiomas and vascular malformations in the 
pediatric gastrointestinal tract is rare. These can 
be diffuse and associated with syndromes such as 
Klippel-Trenaunay, Osler-Weber-Rendu, and 
blue rubber bleb nevus syndrome. The most com-
mon symptom is gastrointestinal bleeding [ 65 , 
 66 ]. The use of multiphase CTE exams in chil-
dren has not been studied, and due to the concern 
of radiation exposure in young patients and the 

need to adhere to the principles of ALARA in the 
pediatric population, until further dose reduction 
techniques and supportive data are established, 
use of these exams should be confi ned to pediat-
ric patients with ongoing blood loss and negative 
endoscopic assessment.  

    Diarrhea and Abdominal Pain 

 Because CTE is often performed in patients with 
diarrhea, CTE may suggest noninfl ammatory 
bowel disease causes such as pancreatic insuffi -
ciency or mass, celiac disease, other causes of 
malabsorption, or bacterial overgrowth, due to 
motility disorder or small bowel diverticulosis. In 
these settings, CTE performed at routine abdomi-
nopelvic radiation dose settings can easily evalu-
ate for pancreatic tumors and causes of diarrhea 
other than infl ammatory bowel disease.   

    Adaptations of CTE Technique 

 CTE technique is adapted for patients of differ-
ent sizes, ages, and clinical indications (called 
diagnostic tasks in the radiology literature). 
Obviously, single-phase CTE (in either the 
enteric/pancreatic or portal phase of enhance-
ment) is performed for most indications. 
Multiphase examinations are performed for 
patients with obscure gastrointestinal bleeding, 
or patients with suspected pancreatic or neuroen-
docrine tumors. CTE is not performed for acute 
gastrointestinal bleeding, where enteric contrast 
is not needed [ 14 ]. Radiation dose is tailored to 
patient size and diagnostic task through use of 
the automatic exposure control on modern multi- 
detector CT systems. Automatic exposure control 
modulates the X-ray tube current as the X-ray 
tube rotates around the patient as the patient 
passes through the CT gantry, and is designed to 
produce a constant level of image quality regard-
less of patient attenuation (e.g., with lower levels 
of tube current for projections going anterior to 
posterior in thin patients). It reduces radiation 
exposure by about 30 % over large numbers of 
patients. Newer CT systems also use tube energy 
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(or kVp) to simultaneously minimize radiation 
exposure and increase iodine contrast to noise, 
which can increase conspicuity of infl amed 
bowel segments [ 67 ]. Lower tube energies and 
decreasing tube currents reduce radiation dose 
but increase CT image noise. Multiple studies 
have demonstrated that radiologists can perform 
quite well in diagnosing and staging Crohn’s dis-
ease, even with lower dose CT images [ 68 – 70 ], 
but currently, multiple CT noise reduction meth-
ods exist, such as iterative reconstruction, and 
are available in most radiology departments [ 71 , 
 72 ]. It is imperative that gastroenterologists and 
radiologists work together to make these lower 
dose technologies available to Crohn’s patients 
who are young, who will incur greater lifetime 
radiation doses due to the recurrent nature of 
Crohn’s complications [ 44 ]. In patients with 
renal insuffi ciency, contrast-enhanced CTE using 
half the routine amount of iodinated contrast can 
be performed by combining bolus-tracking, low 
kVp techniques, and iterative reconstruction. 
Positive enteric contrast can be used for polypo-
sis patients, as mentioned earlier, and will permit 
exams to be performed without intravenous con-
trast at substantial dose reduction (Fig.  4.17 ). 

 CTE is often performed using a low- 
concentration barium solution containing sorbitol 
to promote gastric peristalsis and water retention 
within the bowel lumen. A variety of other com-
mercially available products, as well as water, 
have been evaluated in a head-to-head compari-
son [ 9 ], but the low-concentration barium solution 
demonstrated the best lumen distension with 
fewer side effects. Studies have been performed 
looking for the optimal concentration, amount, 
and timing of enteric contrast [ 7 ,  9 ,  73 ]. Side 
effects are common, but are generally minor and 
time limited, including abdominal cramping, diar-
rhea, and nausea. Some patients have diffi culty 
ingesting the required volume of enteric contrast, 
especially young patients or those with obstruc-
tive symptoms. In such cases the ingestion proto-
col is generally altered, such as giving less enteric 
contrast or having the patient switch to water 
ingestion. Administering the enteric contrast via 
enteric tube is an alternative available at some 
institutions due to patient preference.  

    Conclusion 

 CTE is an accepted cross-sectional imaging modal-
ity optimized for small bowel assessments, with 
CTE technique guided by both patient size and 
indication. Applications are numerous in patients 
with infl ammatory bowel disease and obscure gas-
trointestinal bleeding as well as those with other 
gastrointestinal diseases. CTE can detect both 
intestinal and extraintestinal disease processes. 
Dose reduction techniques can be utilized to limit 
exposure, particularly in young patients.     
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 Introduction

Magnetic resonance enterography (MRE) exami-
nations are carried out after ingestion of large 
volumes of oral contrast in order to distend the 
bowel lumen [1, 2]. MRE examinations allow 
concurrent assessment of the bowel lumen, bowel 
wall, surrounding mesentery, and other abdomi-
nal organs. A significant advantage is the lack of 
radiation associated with MR imaging. Real-time 
imaging for peristaltic activity and dynamic con-
trast studies are therefore possible with MRE 
without the associated radiation burden.

Recent advances in MRE techniques and faster 
imaging times are also proving useful for moni-
toring disease activity and severity in Crohn’s dis-
ease in order to guide appropriate medical or 
surgical treatment. The emergence of diffusion-
weighted MR imaging allows for detection of 
abnormalities at a cellular level. An MRE exami-
nation can provide comprehensive diagnostic infor-
mation regarding anatomic, pathophysiological, 

and cellular changes in the small bowel in a single, 
noninvasive procedure that is not possible with 
any other radiological modality.

 Overview of MR Enterography 
in Small Intestinal Imaging

The main advantage of MRE examinations is that 
they allow simultaneous diagnostic assessment of 
the luminal, mural, and extramural structures. The 
alternative MR imaging technique of the small 
intestine is an MR enteroclysis examination that 
involves nasojejunal intubation. MR enteroclysis 
can provide excellent intestinal distension and by 
providing this volume challenge can be particu-
larly useful in identifying subacute or partial stric-
tures. However, nasojejunal intubation is usually 
uncomfortable for the patient and sedation or anx-
iolytics may be needed [1]. Furthermore, radia-
tion is still involved during the placement of the 
nasojejunal catheter. It has been reported in sev-
eral studies that patients prefer MRE to MR 
enteroclysis examinations [3, 4]. MRE examina-
tions are also preferable in pediatric patients.

 MR Imaging Versus Conventional 
Enteroclysis

Prospective comparative trials on MR enterocly-
sis as compared to conventional enteroclysis (CE) 
have reported sensitivity and specificity ranges of 
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82.5–89 % and 100 %, respectively, in the detec-
tion of bowel ulceration; 100 % and 88–92.9 % in 
the detection of stenosis; and 75–100 % and 97.8–
100 % in the detection of fistulae in patients with 
Crohn’s disease (CD) [4–9]. MR imaging detected 
a significantly higher number of extramural 
abnormalities such as abscesses, fibro-fatty pro-
liferation, lymphadenopathy, and skip lesions as 
compared to CE [5–10]. In their study, Umschaden 
et al. [8] reported that MRI demonstrated abnor-
malities not seen at CE in up to a quarter of 
patients, whereas another study detected 70 % 
more abnormalities on MR imaging as compared 
to CE [9]. A critically appraised report concluded 
that MRE compares favorably with CE in terms 
of diagnostic yield but is inferior in detection of 
early mucosal abnormalities [9].

 MRE Versus CT and Ultrasound

Studies have reported sensitivities of 80–86.3 % 
for computed tomography (CT) when compared 
with CE, and 80–88 % compared to ileocolonos-
copy in the detection of Crohn’s disease (CD) 
[10–12]. Maglinte et al. reported the overall sen-
sitivity and specificity of CE in the diagnosis of 
CD to be 100 % and 99.3 %, respectively [13]. 
Other studies have also confirmed the high accu-
racy of CE in the detection of CD [14, 15]. 
Interestingly, one study has reported higher yield 
for state-of-the-art barium–carbon dioxide 
enteroclysis (as practiced in Japan) than even 
wireless capsule endoscopy (WCE) [14]. 
Ileocolonoscopy also has high accuracy in the 
detection of CD. Pera et al. reported an accuracy 
of 89 %, whereas Wilkins et al. reported sensitiv-
ity and specificity of 74 % and 100 % in the 
detection of CD [16, 17].

The major disadvantage of CT is the cumula-
tive radiation dosage—especially since young 
patients with CD may undergo several imaging 
examinations during the disease process. 
Desmond et al. reported that CT accounted for up 
to 84.7 % of the cumulative dose imparted to 
patients with inflammatory bowel disease [18].

A comparative study of contrast-enhanced 
MRI with CT using oral contrast showed higher 

sensitivity and specificity for MR imaging in CD 
[19]. Another comparative study confirmed that 
MRE has the highest accuracy in the detection of 
terminal ileitis as compared to CT enterography 
and barium follow-through examinations [20]. 
Recent refinements in MRE technique have fur-
ther enhanced its diagnostic accuracy as com-
pared to surgical and histopathological standards 
(see later).

The advantages of ultrasonography are its 
noninvasiveness and widespread availability. 
However, ultrasonography is entirely dependent 
on operator expertise and it is not possible to 
view the gastrointestinal tract in its entirety. 
Ultrasonography has been shown to have high 
sensitivity in detection of CD, particularly disease 
involving the terminal ileum; a meta- analysis 
reported the sensitivity and specificity ranges of 
an ultrasound examination to range between 
75–94 % and 67–100 %, respectively [21]. Both 
MR enterography and ultrasonography have the 
intrinsic advantage of being nonionizing, nonin-
vasive, and patient-friendly examinations. The 
advantage of MRE over ultrasonography is that it 
allows multiplanar imaging and comprehensive 
assessment of the entire gastrointestinal tract. The 
ability to distinguish fibrotic from inflammatory 
strictures and higher sensitivity for detecting 
abscesses and fistulae are the other important 
advantages.

 MRE vs Wireless Capsule Endoscopy

A prospective comparative study between MRE 
and WCE has shown WCE to be the more sensi-
tive modality in the detection of CD [22]. MRE 
was less sensitive than WCE (83 % versus 100 %) 
although a statistically significant difference 
between the performance of WCE and MRE was 
not detected. Although several studies have 
reported higher diagnostic yield for WCE, they 
have also highlighted its limitations. Poor localiza-
tion of bowel abnormalities, capsule retention, 
contraindications in obstructive disease, and false-
positive results are some of the drawbacks of 
WCE. Furthermore as CD by nature has signifi-
cant transmural or extraintestinal progression, 
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radiological investigations that provide mural and 
extramural detail provide complementary infor-
mation to the WCE examination [23, 24].

 MRE Versus MR Enteroclysis

MR imaging of the small bowel can be performed 
after an enteroclysis examination. A meta- 
analysis reported that the sensitivity of MRE for 
diagnosing CD was lower than the sensitivity of 
MR entroclysis, whereas specificity values were 
comparable [7]. However, since that analysis, a 
prospective, randomized study showed a similar 
diagnostic sensitivity for MRE versus MR entero-
clysis (88 % versus 88 %), and recommended 
enterographic examinations for follow- up of 
established CD [3]. Furthermore the MRE 
 technique has been refined over the last few years 
and there is now greater experience amongst 
radiologists. Recent studies have reported that 
high-resolution MRE (HR-MRE) provided simi-
lar diagnostic results to invasive procedures such 
as MR enteroclysis in patients with CD [25, 26].

 Current Clinical Role of MR 
Enterography

The major indication for MRE is in the diagnos-
tic assessment and follow-up of CD. It can also 
be used as an alternative to endoscopy in the ini-
tial assessment of patients with symptoms of 
small bowel diseases. As mentioned previously, a 
nonionizing imaging modality such as MRE is 
preferable in younger patients and also in cases 
where repeated radiological imaging is antici-
pated during the course of the disease. MR imag-
ing with its inherent superior tissue contrast 
resolution can help in categorizing disease status 
in CD and also guide treatment. As clinical 
symptoms may not accurately represent disease 
activity, MRE parameters may be used to grade 
disease activity in CD.

Other clinical uses of MRE are evolving and 
under research. There is documented evidence 
of its use in evaluation of celiac disease, benign 
and malignant neoplasms arising in polyposis 

 syndromes such as Peutz-Jeghers, infectious pro-
cesses, systemic sclerosis, and bowel obstruction.

 Enteral Contrast Media

The main principle behind obtaining diagnostic 
small bowel images is good distension and opaci-
fication of the bowel lumen. There is still no con-
sensus on the amount of oral contrast needed for 
an enterographic examination and timing of 
image acquisition. Kuehle et al. studied the effect 
of different types and volumes of oral contrast on 
bowel distension and timing of image acquisition 
and found that good distension of the bowel was 
achieved with 1,350 ml of contrast (1.2–2 % sor-
bitol solution and 0.2 % locust bean gum) and no 
additional diagnostic benefit was achieved by 
increasing the contrast volume to 1,800 ml [27]. 
Water was found to provide inadequate disten-
sion at all volumes. Ajaj reported no significant 
differences in bowel distension with either 1,000, 
1,200, or 1,500 ml of mannitol solution [28]. The 
optimal time for imaging the entire small bowel 
has been reported to range between 50 and 
60 min [1, 29].

Several enteral contrast agents have been 
described that include water, methylcellulose, or 
solutions containing locust bean gum, mannitol, 
polyethylene glycol, and superparamagnetic 
agents. Enteral contrast agents may be positive; 
that is, they produce increased signal intensity 
within the bowel lumen (e.g., gadolinium che-
lates), whereas negative agents cause a signal 
dropout (e.g., superparamagnetic particles). 
Biphasic agents (e.g., polyethylene glycol, man-
nitol solution) behave as positive or negative 
agents depending on the imaging sequence 
applied. Studies have reported different advan-
tages and disadvantages for positive and nega-
tive contrast agents, although there does not 
seem to be any significant difference in terms of 
diagnostic accuracy [30].

At our institution, the oral contrast material is 
divided into two aliquots of 600–650 ml each, 
and the patient drinks one aliquot every 
25–30 min. An oral suspension of 10 mg of 
 metoclopramide is given with the first aliquot to 
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 promote gastric emptying. Continuous, steady 
ingestion of the oral contrast material over the 
allocated time promotes uniform and consistent 
filling of the proximal and distal small bowel 
[31]. Just before imaging, patients are asked to 
drink another 200 ml of contrast material to 
opacify the stomach and duodenum. The single 
most important factor for promoting enteral tran-
sit is a full stomach [28]. Therefore the addition 
of a second dose of oral contrast keeps the stom-
ach full, promoting peristalsis and filling of the 
intestine. Once oral contrast reaches the ileocecal 
junction, it reduces peristalsis and bowel transit 
due to a neuronal and hormonal feedback mecha-
nism. Therefore the administration of oral meto-
clopramide with the first aliquot (metoclopramide 
reaches its peak serum concentration at 
20–30 min) acts in conjunction with the full 
stomach and further accentuates the gastric emp-
tying during the latter half of contrast ingestion 
by overriding the neuronal feedback mechanism.

 MR Technique and Sequences

The author’s specific protocol for MRE requires 
the patient to undertake a low-residue diet for the 
preceding 3 days and fast for 6 h before the pro-
cedure. The fasting decreases the possibility of 
food particles and debris being mistaken for 
mucosal abnormalities or polyps [25]. Patients 
who are acutely ill do not undergo the low- 
residue diet but are kept nil by mouth for 6 h prior 
to the MRE examination.

Firstly a thick-slab half-Fourier single-shot 
turbo spin-echo (HASTE) image is obtained to 
check progress of the contrast column at 
50–55 min (Fig. 5.1). If on this sequence con-
trast is seen to have reached the ileocecal junc-
tion, an intravenous injection of antiperistaltic 
drugs (20 mg of hyoscine-N-butylbromide or 
1 mg of glucagon) is administered and further 
imaging sequences are performed (Table 5.1). If 
contrast is not yet present at the ileocecal region, 
a further visit to the MR scanner is planned at 
subsequent 15–20 min until this region is filled 
with luminal contrast. Although the antiperistal-
tic effect of  glucagon has been reported to be 

significantly longer (18.3 ± 7 min) compared to 
hyoscine-N- butylbromide (6.8 ± 5.3 min), the 
author prefers the latter due to lower costs [25, 
32]. Occasionally it may be necessary to admin-
ister a second dose of antiperistaltic drug prior to 
imaging the postcontrast sequences if the imag-
ing has been delayed or prolonged (>15 min). 
Coronal and axial images are then obtained 
using true fast imaging with steady state with 
free precession (true-FISP) with and without fat 
suppression and HASTE sequences. These are 
contiguous images, 4 mm in thickness, and 
required breath holds of 18–22 s (Video 5.1). 
Three-dimension volumetric interpolated breath-
hold examination (VIBE) sequences are then 
used to acquire postcontrast images.

If bowel obstruction is observed on the initial 
thick-slab HASTE images, MR fluoroscopy of 
the affected segment is performed to assess for 
inflammatory adhesions or strictures before 
injection of antiperistaltic drugs (Video 5.2).

Patients can be scanned in the supine or prone 
position. The author prefers to perform MR 
enterography in the supine position, as this is more 
comfortable for patients. Prone positioning is 

Fig. 5.1 Thick-slab HASTE image enteral contrast 
 outlining the small bowel up to the ascending colon
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advocated by some studies as it provides compres-
sion of the bowel loops with better loop separa-
tion, although this has not been proven to provide 
any significant diagnostic advantages [29].

 MRE Findings in Crohn’s Disease

 Ulcers and Intestinal Fold 
Abnormalities

Acute inflammation in CD is characterized by 
ulcers and mucosal fold abnormalities. Intestinal 
folds may also have a thickened or polypoid 
appearance and folds may be absent in the 
chronic phase of CD (Fig. 5.2). Edema within the 
mucosal folds is seen as hyperintense signal on 
HASTE and true-FISP sequences (Fig. 5.2). In 
patients with active CD, the bowel wall may have 
a higher signal intensity compared to non- 
affected bowel wall. Early ulcers (aphthous 
ulcers) may be seen as a ring of edema around a 
tiny ulcer crater (Fig. 5.3).

Fissuring ulcers initially manifest as areas of 
breakdown in the mucosal lining (Fig. 5.4). These 
ulcers may extend in the submucosal space and 
cause undermining of the mucosal lining. Larger 
transmural ulcers are outlined by luminal contrast 
and appear as linear, high signal intensity protru-
sions into the bowel wall (Fig. 5.5) [5, 6, 33]. 
Residual mucosal islands between ulcerated 
mucosa may have a polypoid appearance (pseu-
dopolyps) (Fig. 5.3). Linear ulcers are pathogno-
monic for CD [26]. They typically run parallel to 
the mesenteric border and may cause fibrosis and 
rigidity of the bowel leading to obstructive symp-
toms (Fig. 5.6). Confluent, intersecting longitudi-
nal and transverse ulceration with residual 
mucosal islands leads to the formation of a “cob-
blestone” appearance. The presence of aphthous 
ulceration in combination with thickened intesti-
nal folds has high specificity for CD [1].

An ulceration pattern with edema within 
mucosal folds is more readily visible on MRE 
compared to CT, as generally MR imaging has 
higher tissue specificity than CT. T2-weighted 

Table 5.1 MRI sequences for enterography examination

1 2 3 4 5

MR sequences HASTE with 
fat saturation

True-FISP with 
and without fat 
saturation

HASTE with fat 
saturation

VIBE/FLASH 3D with 
fat saturation

High-resolution 
imaging
True-FISP with 
fat saturation

Plane Coronal Coronal and 
axial

Coronal and 
axial

Coronal and axial Coronal and 
axial

Breath hold No Yes Yes Yes (multi) Yes
Timing In last part of study 

(unenhanced and 
enhanced [60 s after 
contrast administration])

No. of slices 1 19–25 19–25 60–80 12–15
Slice thickness 
(mm)

50 4 4 2.5 2

Slice distance 0 0 0 0
Field of view 
(mm2)

512 × 512 Coronal: 
512 × 400

Coronal: 
512 × 512

Coronal: 280 × 320 160 × 160

Axial: 350 × 240 Axial: 350 × 350 Axial: 350 × 262 160 × 160
TR (ms) 5,000 2.5–4.0 1,200 2.5–5.12 2.5–4.0
TE (ms) 1,000 1.6–1.8 80 1–2.5 1.6–1.8
Flip angle (°) 90–140 50–80 90–140 10–20 50–80
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sequences facilitate detection of ulcers due to 
high contrast obtained between luminal contrast 
and bowel wall. Abnormalities in the mucosal 
fold pattern can also be readily visualized on 
HASTE sequences against the background of the 
high signal from the luminal contrast.

 Mural Thickening

Mural thickening is a significant feature of CD, 
although not entirely specific as several other dis-
ease entities can also cause bowel thickening. 
Mural thickness >3 mm should be considered to 
be abnormal and has been reported to have sensi-
tivity and specificity ranges of 83–91 % and 
86–100 %, respectively, in the detection of CD [1]. 

Good correlation between mural thickening and 
the CD activity index (CDAI) has been reported 
[34]. A recent comparative study of MRE and his-
topathology reported that using a mural thickness 
cutoff of >4.5 mm distinguished between severe 
and mild inflammation in CD [25].

 Mural and Mesenteric Enhancement, 
Fibrofatty Proliferation

Engorged mesenteric vessels supplying inflamed 
bowel segments produce the “comb sign” on 
MRE examinations (Fig. 5.7) [35]. A secondary 
finding associated with bowel inflammation is 
“fat-wrapping” or “fat proliferation” around the 
inflamed bowel, which is a discriminating feature 

Fig. 5.2 Acute inflammatory CD. Thickened, distorted 
mucosal folds are readily visible against the bright signal 
from enteral contrast (thick arrows). Mural edema is seen 
as linear high signal (thin arrow)

Fig. 5.3 Ulcers. Sagittal true-FISP image shows multiple 
aphthous ulcers as high signal lesion surrounded by ring 
of edema (arrows). Note mural thickening and pseudopol-
ypoid appearance of residual mucosa
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of CD [1, 36, 37]. Increased enhancement of the 
mesenteric fat around a bowel segment is a sec-
ondary sign of active bowel inflammation [38]. 
Active inflammation causes mucosal hyperemia 
that manifests as intense enhancement after 
 intravenous contrast administration (Fig. 5.8). 
Increased mural enhancement has been reported 
to have good correlation with CDAI [25, 34, 39].

Enhancement can be homogeneous (all bowel 
wall enhancing equally), layered (both mucosal and 
serosal bowel wall layers enhancing with a central 
band of relatively reduced enhancement), or irregu-
lar. A layered pattern of bowel enhancement has 
good correlation with active inflammation, 
although an overlap exists, and this pattern may 
also be seen in chronic or inactive disease [25, 40]. 

A similar appearance may also be produced by a 
low signal intensity “halo” produced by fat hyper-
trophy and fibrosis of the submucosa in chronic 
inflammatory bowel disease (Fig. 5.9). In these 
cases the submucosa has a dark, hypointense signal, 
especially on fat-suppressed sequences.

Fibrotic strictures have been reported to dem-
onstrate irregular or reduced mural enhancement 
[1]. This pattern of different enhancement has 
been attributed to differently expressed media-
tors in active and inactive CD [25]. MRE may be 
better suited to distinguish between a fibrotic 
stricture and one that is primarily due to acutely 
inflamed submucosa, as MR sequences can detect 
fibrotic change with greater facility than CT or 
ultrasound. Making the distinction between 

Fig. 5.4 Ulcers. Coronal 
true-FISP image shows 
thickened terminal ileum 
with fissuring ulcers 
causing break in the 
mucosal outline (arrow). 
Note deeper ulcer (thick 
arrow) outlined by enteral 
contrast. Hypointense 
submucosa of the 
descending colon in 
quiescent phase of CD 
(arrow)

Fig. 5.5 Ulcers. Axial 
true-FISP image multiple 
transmural ulcers as linear 
high signal tracks 
traversing the inflamed 
bowel wall (arrow)
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inflammatory strictures with spasms and the fat- 
halo sign of fibrotic CD is important, as obstruc-
tion and spasm in active disease are best treated 
with medical therapy, whereas chronic strictures 
may require surgical intervention.

 Fistulating Disease

In advanced inflammation, deep ulcers penetrate 
the intestinal wall and cause inflammation in the 
adjacent mesenteric tissue leading to formation of 
small peri-intestinal abscesses and blind- ending 
sinus tracts. Once these tracts perforate through the 
wall of an adjacent hollow organ a fistula is formed 
(Fig. 5.10). Sinus tracts manifest as nodular irregu-
larities and spiculations adjacent to the serosal sur-
face of the bowel and they are the precursors of 
fistulating disease [41]. Small sinus tracts may be 
better seen on high-resolution MR images and 
high-quality multiplanar reconstruction (MPR) 
images are useful in their assessment [25, 26]. 
Larger sinus tracts and fistulae may be outlined by 
enteral contrast and are seen as linear tracts of high 
signal intensity on MRE; however, the majority of 
fistulous tracts do not contain air or fluid within 

their lumen [41]. Fistulas occur in up to one-third 
of patients with CD at some time during the course 
of their disease and the lifetime risk ranges from 20 
to 40 % [41–43]. Internal fistulae are more com-
mon and enteroenteric fistulae are usually asymp-
tomatic [44]. The most common location of fistulae 
is the perineal region (54 %). The reported sensitiv-
ity and specificity values of MRE for detection of 
internal fistulae range between 83.3–84.4 % and 
100 %, respectively [30, 45, 46].

MR imaging has also been reported to be highly 
accurate for detection and depiction of perineal fis-
tula. This is due to the inherent higher tissue con-
trast resolution of MR imaging. It is difficult to 
accurately assess perianal fistula on CT as the 
attenuation value and appearance of fistula tracts, 
fibrosis, and sphincter muscles are similar to each 
other. Furthermore, compared with endorectal 
ultrasound, MR imaging provides a wider field of 
view and is better suited for assessment of  complex 

Fig. 5.6 Linear ulcer. Coronal true-FISP image shows 
inflamed ileum with a linear ulcer visible as high signal 
track along the bowel lumen (arrow)

Fig. 5.7 Comb sign. Coronal true-FISP image shows 
engorged vessels as linear structures against background 
of mesenteric fat (arrows). Note extensive mesenteric fat 
proliferation surrounding inflamed bowel

R. Sinha



73

branching tracts, lateral extension, and extension 
above the levator muscles.

Surgical intervention may be required if fistu-
lae cause recurrent infection or if they lead to sig-
nificant malabsorption [47]. Fistulae may have a 
stellate (“star”) appearance due to fibrotic and des-
moplastic reaction in the mesentery around the 
inflamed fistulous tract (Fig. 5.11) [36]. Abdominal 
abscesses and inflammatory masses are less fre-
quent than fistulae but are more likely to need 
intervention. Smaller abscesses may be treated 
with antibiotics or drained under imaging guid-
ance, while larger ones may benefit from surgery.

 Fibrostenotic Disease

Fibrostenotic disease typically presents with 
bowel obstruction. Fibrostenotic strictures are 
seen as a fixed narrowed segment of bowel with 

proximal bowel dilatation (Fig. 5.12). Chronic 
fibrotic strictures are typically hypointense on 
both T1- and T2-weighted sequences. Fibrotic 
strictures may show minor, inhomogeneous con-
trast enhancement without any evidence of 
edema or surrounding mesenteric inflammation 
or hyperemia. MR fluoroscopy can be used in 
conjunction with MRE to provide functional 
assessment of bowel obstruction and strictures 
similar to those obtained on enteroclysis with 
less patient discomfort [31].

Negaard et al. reported that the sensitivity for 
detecting stenosis of the terminal ileum on MRE 
was 86 % versus 100 % for MR enteroclysis, 
although the higher diagnostic accuracy was not 
statistically significant [3]. This higher accuracy 
is likely to be due to the better luminal distension 
in MR enteroclysis. However, in routine practice, 
symptomatic stenoses are easily detected on 
MRE as non-distending bowel segments with 
proximal dilatation.

 Cancer in CD

There is an increased incidence of adenocarci-
noma in intestinal segments affected with CD 
[48]. The risk for developing colorectal cancer in 
those with Crohn’s colitis is between 4 and 20 
times greater than in the general population 
[49, 50]. There is also an increased risk for devel-
oping cancer in excluded bowel segments [48]. 
Carcinoma in CD typically appears as a stricture, 
which may be difficult to differentiate from 
benign inflammatory strictures [50]. Some 
adverse features that may indicate underlying 
tumor are asymmetric mural thickening, shoul-
dering, mesenteric infiltration, ascites, and 
lymphadenopathy (Fig. 5.13). Any bowel 
obstruction that does not resolve with conserva-
tive treatment and nasoenteric decompression 
should arouse the possibility of an underlying 
cancer. Imaging features that are out of keeping 
with clinical parameters should also raise con-
cerns regarding an underlying tumor. Diffusion- 
weighted imaging may be a useful aide to 
differentiate between acute inflammatory stric-
tures and underlying cancer [51].

Fig. 5.8 Enhancement. Axial 3D VIBE image shows 
marked enhancement of inflamed ileum and cecum 
(arrows)
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 MRE Findings in Other Small 
Intestinal Diseases and Disorders

Other clinical uses and roles for MRE are evolv-
ing and currently being investigated. There have 
been reports of the use of MRE in the evaluation 
of celiac disease, benign and malignant neo-
plasms arising in polyposis syndromes such as 
Peutz-Jeghers, and inflammatory conditions such 
as vasculitis, infectious processes, systemic scle-
rosis, and bowel obstruction [52, 53].

 Tumors

High sensitivity and specificity have been 
reported in the detection of small-bowel neo-
plasms with MR enteroclysis on several studies 
[54, 55]. MRE has been reported to be a feasible 
alternative to capsule endoscopy for small-bowel 
surveillance in adults with Peutz-Jeghers and 
other familial polyposis syndromes [56, 57]. 
Benign tumors of the small intestine include leio-
myomas, adenomas, lipomas, hemangiomas, 
inflammatory polyps, and hamartomas [58].

Fig. 5.9 Enhancement 
patterns. (a) Schematic 
diagram. (b) Layered 
enhancement shows 
enhancing serosa and 
mucosa and isointense 
submucosa (arrow). (c) 
Halo sign in chronic CD 
shows markedly hypoin-
tense submucosal layer 
between enhancing mucosa 
and serosa
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Benign tumors such as adenomas appear as 
well-defined sessile or pedunculated lesions that 
show homogeneous enhancement after intrave-
nous contrast administration. Usually benign 
tumors, such as adenomas, protrude into the 

bowel lumen without causing obstruction and 
have a smooth border with no mesenteric infiltra-
tion (Fig. 5.14) [59].

Fig. 5.10 Fistula. Axial 
true-FISP image shows 
multiple ileo-ileal fistulae 
arising from inflamed ileal 
segments (arrow)

Fig. 5.11 Fistula. Coronal true-FISP image shows inter-
loop fistula forming the star sign (arrow)

Fig. 5.12 Stricture. Coronal true-FISP image shows 
stricture in the distal ileum showing marked hypointensity 
in the submucosal suggestive of fibrosis (arrow). Thick 
arrow = distended proximal bowel segment
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Malignant lesions include gastrointestinal 
stromal tumors (GISTs), adenocarcinomas, car-
cinoid tumors, lymphoma, sarcomas, and metas-
tases. GISTs in the small bowel most often 
originate from the muscular layer and commonly 
demonstrate an exophytic growth. GISTs have a 
strong association with neurofibromatosis type 1 
[60, 61]. Tumors usually show brisk enhance-
ment. GISTs may be intraluminal, submucosal, 
or subserosal in location and appear as smooth, 
well-defined masses (Fig. 5.15). After intrave-
nous contrast administration, GISTs are typi-
cally enhancing masses with areas of low 
attenuation from hemorrhage, necrosis, or cyst 
formation [61].

Adenocarcinomas are the most common pri-
mary malignancies of the small bowel. They 
most often arise in the duodenum (50 %), fol-
lowed by the jejunum (30 %) and ileum (20 %) 
[59]. Adenocarcinomas typically show eccen-
tric involvement of a short segment of bowel, 
and often lead to partial or complete bowel 
obstruction (Fig. 5.16). MRE findings of adeno-
carcinomas include annular or eccentric mural 
thickening with adjacent infiltration and lymph-
adenopathy. Adenocarcinomas typically demon-
strate moderate enhancement [62]. Lymph node 
enlargement in metastatic adenocarcinoma is 
not as marked as in lymphomatous disease. 
Distant metastases from adenocarcinomas to the 

Fig. 5.13 Cancer in 
CD. Axial true-FISP image 
shows a thickened segment 
of distal ileum with 
fistulation into the sigmoid 
(arrowhead). The sigmoid 
thickening is eccentric with 
a shouldered appearance 
suggestive of a neoplastic 
growth (arrow). 
Adenocarcinoma was 
found at histology

Fig. 5.14 Benign tumor. 
Coronal true-FISP image 
shows a small, well- 
defined polypoid lesion 
projecting into the bowel 
lumen of an ileo-anal 
pouch (arrow). This was a 
benign adenoma
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liver and peritoneum may also be depicted on 
MRE examinations [36, 51–53].

Most (50 %) carcinoid tumors occur in the 
appendix and about one-third (33 %) arise 
from the small bowel. One-tenth of patients 
develop carcinoid syndrome [54]. Carcinoids 
vary in appearance from small submucosal 
lesions to large ulcerating masses. These 
tumors often involve the adjacent mesentery, 
causing a desmoplastic reaction with in-draw-
ing of adjacent bowel segments (Fig. 5.17). 
Carcinoid tumors are typically isointense to 
that in muscle on T1- and T2-weighted images, 
and sometimes exhibit radiating spicule-like 
strands of tissue.

On MRE, small intestinal lymphoma usually 
appears as circumferential bowel wall thickening 
involving a long segment. Extensive adjacent 
lymphadenopathy, aneurysmal dilatation, and 
lack of obstruction despite a large tumor mass are 
suggestive of lymphoma as the primary diagnos-
tic consideration (Fig. 5.18).

 Obstruction

MRE can be used in the diagnostic work-up of 
suspected small bowel obstruction. The diagno-
sis of a mechanical small bowel obstruction is 
based on the visualization of an abrupt change in 

Fig. 5.15 GIST. Axial 
true-FISP image shows a 
rounded, well-defined 
tumor with extra-serosal 
growth (arrow)

Fig. 5.16 Adenocarcinoma. 
Axial true-FISP image 
shows a concentric stricture 
in the jejunum (arrow) with 
lymphadenopathy and 
mesenteric invasion (thick 
arrow). Adenocarcinoma 
was found on 
histopathology
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bowel caliber without evidence of another cause 
of obstruction at the transition point from the 
dilated segment to the collapsed segment of 
bowel.

Adhesions and adhesive bands are not usually 
associated with thickening of the small-bowel 
wall [63] (Fig. 5.19). Occasionally adhesive 
bands, seen as hypointense linear structures, may 

be seen coursing through mesenteric fat on 
T2-weighted images. Clumping or kinking of 
bowel loops also may be seen [64].

MR imaging has been shown to have accuracy 
for the detection and characterization of malig-
nant versus benign strictures in the small bowel 
[65]. Investigators have used MR imaging to map 
adhesions preoperatively using a visceral slide 
technique with a sensitivity of 87.5 % and a 
 specificity of 92.5 % [66].

 Celiac Disease

Celiac disease predominantly involves the duode-
num and proximal jejunum [67, 68]. MRE findings 
in celiac disease include inflammatory thickening 
of the bowel wall, lymphadenopathy, and mesen-
teric vascular engorgement. Complications of the 
disease may include intussusception and extensive 
ulcerative jejunoileitis with marked, circumferen-
tial thickening of the small bowel (Fig. 5.20).

 Infective Diseases and Disorders

MRE is not routinely indicated for the diagnosis 
of small intestinal infections. Usually, patients 
present with nausea, vomiting, and/or diarrhea 
and CT or ultrasonography is carried out in the 
acute phase [69, 70]. Infectious ileitis may mani-
fest on MR images as nonspecific, segmental, or 

Fig. 5.17 Carcinoid tumor. Coronal true-FISP image 
shows an infiltrative mesenteric mass (thick arrow) caus-
ing in-drawing of surrounding bowel segments (arrows)

Fig. 5.18 Small-bowel 
lymphoma. Axial 
true-FISP image shows an 
infiltrative mass involving 
the small bowel (thick 
arrow). Note the extensive 
lymphadenopathy in the 
mesentery and retroperito-
neal regions (arrow)
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circumferential wall thickening of the terminal 
ileum and cecum with moderate or marked 
enlargement of the mesenteric lymph nodes [36].

GI tract tuberculosis typically involves the 
ileocecal region with the cecum and ascending 
colon usually involved to a greater degree than 

the terminal ileum [69]. Tuberculosis causes 
asymmetric thickening of the ileocecal valve and 
medial wall of the cecum with contraction of the 
cecum [69]. Enlarged lymph nodes with central 
areas of necrosis are often seen. Peritoneal disease 
and ascites are often associated with ileocecal 

Fig. 5.19 Small-bowel obstruction. (a) HASTE image 
shows obstructed and dilated segment of proximal small 
intestine (arrow). (b) Axial true-FISP image shows the 
distended bowel loop and a kinked segment (arrow) caus-

ing mechanical obstruction. Note lack of inflammation or 
any other finding at the site of obstruction. Adhesive band 
was found at surgery

Fig. 5.20 Celiac disease. 
Axial true-FISP image 
shows inflamed segment  
of jejunum with large 
ulcers (arrow) and 
lymphadenopathy (thick 
arrow). Ulcerative jejunitis 
was found at surgery
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tuberculosis [71]. The most common type of peri-
toneal disease called “wet-type” manifests as 
large amounts of viscous ascitic fluid that shows a 
high signal due to its high protein and cellular 
content.

It may be difficult to differentiate small-bowel 
tuberculosis from CD. Differentiating between 
these entities is important as corticosteroids are 
used for treating CD that can provoke fulminant, 
catastrophic infection in patients with tuberculo-
sis. Ulcers in tuberculosis tend to be axial (girdle) 
or oval. Linear, longitudinal ulcers of CD are not 
seen. Contraction of the cecum and a prominence 
of cecal involvement more than ileal involve-
ment suggest tuberculosis, whereas the ileum is 
predominantly involved in CD. Ascites and 
necrotic lymph nodes are commonly seen in 
tuberculous infections, but are uncommon in 
CD. Fat proliferation of the mesentery around the 
affected bowel is indicative of CD rather than 
tuberculosis.

 Recent Advances

 High-Resolution MR Enterography 
(HR-MRE)

High-resolution MR enterography (HR-MRE) 
has recently been reported as a refinement to the 
standard MRE technique [26]. High-resolution 
true-FISP images with fat suppression are 
acquired using contiguous thin slices (2–3 mm), 
using 160–250 mm field of view and matrix sizes 
of 128–256 × 128–256 providing in-plane resolu-
tion of 1–2 mm and small field of view [26]. 
HRE-MRE images are obtained after aligning the 
MR imaging plane either parallel or perpendicu-
lar to the affected bowel segment. Images aligned 
parallel to the bowel segments allow better visu-
alization of mucosal irregularities and abnormali-
ties. Images aligned perpendicular to the bowel 
provide accurate visualization of transmural 
ulcers, fistulae, sinus tracts, and para-intestinal 
abnormalities (Figs. 5.21 and 5.22) [38]. The 
higher in-plane resolution achieved on HR-MRE 
has been reported to be the main factor that 
increases the diagnostic accuracy. HR-MRE 

images also allow high-quality MPR images that 
increase diagnostic confidence in the detection of 
smaller fistulae and ulceration. A comparative 
study has reported the sensitivities of MRE ver-
sus HR-MRE in the detection of superficial ulcers 
as (50 % versus 69 %) deep ulcers (69 % versus 
94 %), fistulae (75 % versus 96 %), and abscesses 
(77 % versus 100 %), respectively [25].

 Diffusion-Weighted MR  
Imaging (DW MR)

Diffusion-weighted MR (DW MR) imaging is 
emerging as an important tool in the diagnostic 
work-up of inflammatory bowel disease [51]. DW 
MR imaging can help in the assessment of 

Fig. 5.21 High-resolution MRE. Coronal true-FISP 
image of the terminal ileum shows a marked mural thick-
ening and transmural ulcers (arrows). Early ileo-ileal fis-
tulation is also present (thick arrow). These changes were 
better visualized on HR-MRE compared to standard MRE 
imaging
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 inflammation, and complications such as abscesses 
and fistula formation, and also aid in monitoring of 
response to treatment. DW MR has also been 
reported to increase diagnostic confidence in the 
assessment of bowel abnormalities [72].

The advantages of DW MR imaging are its 
noninvasive nature and lack of exposure to ion-
izing radiation or contrast injection. As DW MR 
imaging can be integrated with standard MRE 
imaging, this does not require any additional 
equipment and can be easily added to a routine 
MR imaging protocol.

DW MR imaging uses the diffusion of water 
within biologic tissues to produce images. 
It therefore provides functional, quantitative 
information at the cellular level that can facilitate 

accurate assessment of inflammation and 
response to therapy.

As proposed by Albert Einstein in 1905, the 
random motion of molecules within a liquid 
depends on their inherent thermal energy [73]. 
Diffusion of water molecules within biological 
tissues is not completely free but restricted due to 
limitations of the cell membrane as compared to 
molecules in the extracellular or intravascular 
spaces [51]. Therefore an increase in total num-
ber of cells, such as inflammatory infiltrates, 
leads to an increase in overall restricted diffusion 
within a given volume of tissue [51, 74, 75].

Inflammatory CD leads to infiltration of the 
lamina propria and submucosa by inflammatory 
cells and lymphoid aggregates. This increased 
cellularity, viscosity, dilated lymphatic channels, 
and granulomas lead to increased restricted diffu-
sion, which in turn leads to an increased signal on 
the DW images (Fig. 5.23) [74, 76]. Due to com-
plete suppression of the signal from normal tis-
sues, the abnormal tissues are easily visible as 
“hot spots” similar to nuclear imaging.

The level of diffusion weighting may be 
adjusted by changing a parameter called the b 
value with the following equation:

 
b G= -( )g 2 2 2

3d dD / ,
 

where ϒ equals the gyromagnetic ratio of hydro-
gen; G equals the strength of the applied diffu-
sion gradient; δ(delta) equals the duration of the 
gradient; and Δ(Delta) equals the time between 
the first and second gradients. By acquiring mul-
tiple DW images at different b values, an accurate 
diffusion coefficient may be calculated for each 
image voxel by plotting the signal intensity 
against the b value, which then yields an expo-
nential value called the apparent diffusion coef-
ficient (ADC). Apparent diffusion coefficient 
values can provide an objective measurement 
index that may be compared or followed over 
time.

ADC values measured from actively inflamed 
intestine have been reported to be significantly 
lower compared with normal bowel wall [74–
76]. Overall, DW MR imaging has been reported 
to have high sensitivity and specificity in the 

Fig. 5.22 High-resolution MRE. Sagittal true-FISP 
image shows a thickened segment of terminal ileum. 
Transmural disease with early sinus formation is present 
(thick arrow). There is also an ileo-ileal fistula (arrow). 
Note fat proliferation around the inflamed bowel (aster-
isk). HR-MRE provides excellent detail and allows far 
greater accuracy in assessment of the transmural changes 
in CD compared to standard imaging
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detection of bowel inflammation (86–94 % and 
81.4–84.8 %, respectively) [74, 77]. Using a 
threshold ADC value of 2.4 × 10−3 mm/s, Oto 
et al. reported differentiation between normal and 
inflamed colon with a sensitivity and specificity 
of 94 % and 88 %, respectively [75]. The hyper-
intense signal of the inflamed bowel segments 
against the suppressed signal of non-inflamed tis-
sues on DW MR images makes their detection 

easier. Transmural inflammation is more typical 
of CD and manifests as high signal affecting the 
whole thickness of the bowel wall. There is good 
evidence that more advanced inflammation leads 
to lower ADC values [51, 74, 76, 78].

Transmural ulcers and sinuses may be seen as 
mural linear or nodular high signal changes tra-
versing the bowel wall or the extramural tissues 
on DW imaging (Fig. 5.24).

Fig. 5.23 Diffusion-weighted imaging. (a) Axial true-
FISP image shows inflamed terminal ileum (arrow). (b) 
Diffusion-weighted MR image shows areas of high signal 
intensity in the inflamed segment (arrow). (c) Inverted 
grayscale diffusion-weighted MR image shows the abnor-
mal bowel as a “hot spot” against suppressed signal from 

normal tissues. This presentation is similar to those seen 
at nuclear imaging. (d) ADC map shows an area of mark-
edly low signal intensity (arrow) in the abnormal area 
confirming the restricted diffusion. (e) DW images can be 
color coded and fused with standard images (arrow) to 
match up the abnormal area with anatomy
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DW MR imaging can also be particularly use-
ful in patients in whom intravenous contrast can-
not be administered due to allergy or renal 

impairment. In these particular cases DW MR 
imaging can quantify inflammation and compli-
cations despite lack of contrast enhancement 
findings (Fig. 5.25).

DW MR imaging has high accuracy for detec-
tion of fistulae and abdominal abscesses [37, 38]. 
Abscesses show restricted diffusion due to con-
tained bacterial, inflammatory cells, and cellular 
debris [79, 80]. Finding of intra-abdominal 
abscesses is important, as they are a relative con-
traindication to the use of antitumor necrotic fac-
tor (anti-TNF) alpha agents (e.g., infliximab) [1, 
36]. Intestinal fistulae complicating CD appear as 
hyperintense linear or serpiginous structures on 
the DW MR images connecting to separate bowel 
loops, communicating to the skin surface or other 
organs [81] (Fig. 5.26). The abnormal signal of 
fistulae on DW MR is due to the presence of pus, 
inflammatory cells, and debris within or around 

Fig. 5.24 Axial diffusion-weighted image shows abnor-
mal signal involving the whole thickness of the bowel 
wall (arrow). Nodular and linear extensions of inflamma-
tion (arrowheads) suggest early sinus formation

Fig. 5.25 DW MR imaging. (a) No abnormality seen in 
the colon on axial true-FISP image. This patient could not 
have intravenous contrast. (b) Recurrent inflammation is 

confirmed on DW MR image as hyperintense signal 
changes that form a double line or “tram-track” appear-
ance (arrows)

Fig. 5.26 DW MR imaging. (a) Axial true-FISP image shows inflamed ileum with an ileo-ileal fistula (arrow). (b) DW 
image confirms the fistula as a high signal track connecting the bowel lumen (arrow)
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the fistula tract. The high viscosity of pus and 
inflammatory dense cellular composition lead to 
restricted diffusion and a resultant high signal on 
DW MR images [81]. Fibrotic strictures or adhe-
sions do not show abnormal DW MR signal. 
Therefore lack of a high signal on DW MR imag-
ing may help to distinguish between fibrotic and 
inflammatory strictures.

DW MR can be used in the detection of recur-
rent disease in patients with CD. In particular, 
early mucosal disease may not be clearly visual-
ized on standard MR imaging as the high signal 
from the enteral contrast may mask mucosal 
changes. By nulling signal from all other tissues 
except for areas of inflammation, DW MR can 
help in diagnosing early mucosal recurrent dis-
ease. Early mucosal recurrent inflammation may 
be seen as high signal changes that form a double 
line or “tram-track” appearance (Fig. 5.25). 
Although the utility of DW MR imaging in the 
assessment of response to treatment has not been 
validated in large studies, the author’s own expe-
rience suggests that DW MR provides useful 
information regarding treatment response in 
inflammatory bowel disease.

Currently DW MR imaging provides a useful 
adjunct to the standard MR imaging of the bowel. 
It is helpful in cases where intravenous contrast is 
a contraindication. Some studies have reported 
that the addition of DW MR imaging increased 
the radiologists’ confidence in diagnosing abnor-
mal bowel segments [78, 82]. In the author’s 
experience, successful treatment is accompanied 
by a reduction in the DW MR signal and an 
increase in the ADC values of the affected 
segments.

 Perfusion Imaging

There is scientific evidence that in active CD 
there is presence of microvascular ischemia in 
the affected bowel segment [83, 84]. The total 
volume of blood supplied to bowel segments 
with active CD is also reduced [85, 86]. However, 
the exact cause for this microvascular ischemia is 
yet to be determined. Potential factors include 
increased platelet aggregation and increased 

platelet surface expression of P-selectin and 
GP53. These small studies with MRI have con-
firmed that mucosal perfusion is reduced in 
chronic CD, although larger studies are needed to 
validate these findings.

 Bowel Peristalsis Assessment

Recently, work has been done on assessing small 
bowel motility and peristalsis in patients with 
active CD. During active CD there is inflamma-
tory infiltration of the bowel wall, hypothesized 
to cause increased stiffness and therefore reduced 
peristalsis [87–89]. Some reported studies have 
shown reduced motility in active CD, whereas 
others have reported no differences between 
active and quiescent disease [87, 89]. Abnormal 
peristalsis or motility may help in detection of 
abnormal segments [90]. Assessment of motility 
changes appears promising but the difficulty in 
categorizing these changes due to subjective 
assessments makes this aspect of bowel imaging 
less useful. It is possible that in the future, peri-
staltic assessment may play a useful role in high-
lighting abnormal segments and distinguishing 
between fibrotic strictures and adhesions.

 Bowel Length Measurement

Accurate measurement of small intestinal length 
is useful where multiple bowel resections are 
anticipated, such as in patients with CD. Therefore 
the functional outcome of extensive intestinal 
resection may depend on the length of remnant 
bowel. Patients with short intestinal length may 
develop “short-bowel syndrome” with significant 
nutritional deficiencies due to malabsorption of 
vitamins and minerals [91, 92]. Measurement of 
small intestinal length has been reported on bar-
ium follow-through examinations using an opi-
someter [93, 94]. However, this approach has 
inherent limitations as a two-dimensional image 
is used to measure an organ that typically has 
overlapping segments and loops.

There have been recent reports describing 
development of software for small-bowel length 
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measurement [95]. These depend on employment 
of three-dimensional dynamic direction gradient 
vector flow snakes with centerline extraction 
[96–98]. A recent report has demonstrated the 
feasibility of mapping the small intestine on MR 
images with accurate assessment of bowel length 
to within 10 cm of in vivo measurement [99] 
(Fig. 5.27).

 Grading of Crohn’s Disease Activity

Several studies have been published on the value 
of MRI in detecting disease activity and assess-
ing severity compared with colonoscopy or 
pathology data [100–103]. Grading systems have 
also been reported using MR parameters and 
good correlation has been shown between MR 
scoring and ileocolonoscopy. However, a signifi-
cant drawback of most of these grading systems 
is that they do not evaluate complications such as 
fistulas or stenosis and many studies are not yet 
validated. Another major limitation of the current 
grading systems is that they rely on subjective 

parameters such as mural edema and enhance-
ment, which do not have any corresponding indi-
ces on histopathology or endoscopy.

Validated studies carried out by Rimola et al. 
concluded that for assessment of disease severity, 
the presence of edema and ulcerations must be 
evaluated in addition to mural thickness and con-
trast enhancement [102, 104]. The presence of 
ulcers was validated as direct evidence of active 
inflammation and the presence or absence of 
ulcers is of considerable clinical relevance in terms 
of disease course and surgical requirements [105].

Therefore, any grading system should include 
objective findings such as ulcers, mural thicken-
ing in combination with contrast enhancement, 
and bowel edema. Better resolution on MRE and 
objective measurements (e.g., T1 maps) may 
make future scoring systems even more accurate. 
It is quite likely that such comprehensive grading 
systems will be in use in the future and may pro-
vide an accurate noninvasive assessment of CD 
activity.

 Disadvantages and Pitfalls 
of Enterography

Enterography is associated with less discomfort 
for patients, but it does not produce the same dis-
tension of the bowel as does the enteroclysis 
technique. The one area where enteroclysis tech-
nique is decidedly superior is in the diagnosis of 
strictures or obstruction secondary to CD. MRE 
may not provide adequate distension of the bowel 
to highlight partial or incipient strictures [106]. 
A “distension challenge” of the bowel as pro-
vided by an enteroclysis examination is better 
suited to highlight areas of partial narrowing or 
strictures [8, 25, 106]. Therefore, if obstruction 
or partial strictures are suspected then an entero-
clysis examination should be the preferred diag-
nostic option. Compared to CT enterography, 
MRE is more costly, more time consuming, and 
less widely available. There is lower spatial reso-
lution and there may be more variable image 
quality as compared to CT.

Enterography may not provide consistent dis-
tension of the proximal bowel loops, particularly 

Fig. 5.27 Bowel length measurement. Coronal volume 
rendered image shows centerline plot for measuring 
bowel length
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the jejunum. However, isolated jejunal CD is 
very rare. In a large series and a meta-analysis, 
the incidence of isolated jejunal CD was esti-
mated to be between 0.01 % and 0.03 % [107]. If 
there is strong clinical suspicion of CD despite a 
normal or suboptimal MRE examination, then 
MR enteroclysis or WCE should be considered 
for further evaluation.

 Conclusion

An MRE examination can provide comprehen-
sive diagnostic information regarding anatomic, 
pathophysiological, and cellular changes in the 
small bowel in a single, noninvasive procedure 
that is not possible with any other radiological 
modality. MRE examinations allow simultaneous 
diagnostic assessment of the luminal, mural, and 
extramural structures.

The advantages of MRE include its high sen-
sitivity in the diagnosis of CD and its important 
role in the assessment of inflammatory activity. 
Recent advances in MRE technique have resulted 
in high diagnostic accuracy in detection of ulcers, 
mucosal fold abnormalities, and extraintestinal 
pathology. Its nonionizing nature is also a partic-
ular advantage in patients who undergo repeated 
imaging investigations. It is likely that MRE will 
play an important role in the diagnostic imaging 
of the small intestine in the future.
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Video Legends
Video 5.1 - Coronal true-FISP images showing 
good distension and opacification of the small-
bowel loops (MP4 1456 kb)
Video 5.2 - Coronal MR fluoroscopy performed 
to assess for obstruction (MP4 653 kb)
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           Introduction 

 Since its introduction in 2001, capsule endoscopy 
has revolutionized the evaluation of the small 
bowel. In the past, options for visualization of the 
jejunum and ileum were limited. Push enteros-
copy accessed only the duodenum and proximal 
edge of the jejunum; barium small bowel follow- 
through (SBFT) was labor intensive, uncomfort-
able, and inaccurate; computerized tomographic 
enterography (CTE) was limited by its inability 
to detect fl at mucosal lesions; and intraoperative 
endoscopy—the ultimate technique for small 
bowel evaluation—was highly invasive and mor-
bid. Fortunately, small bowel cancers are rela-
tively uncommon. Nevertheless, there are 
situations in which accurate and complete evalu-
ation of the small bowel is important, with 
obscure gastrointestinal bleeding (OGIB) being 
the most common such indication [ 1 ]. As a non-
invasive, safe, and easily performed modality that 
visualizes the entire extent of the small intestines, 
capsule endoscopy has become increasingly pop-
ular in many countries.  

    Technical Specifi cations 

 There are currently fi ve small bowel video cap-
sules available or in development (Fig.  6.1 ). Each 
system consists of a light-emitting diode light 
source, a lens, a camera based on complementary 
metal oxide semiconductor (CMOS) or charge- 
coupled device (CCS) technology, a battery, and 
(in most cases) a wireless transmitter [ 2 ,  3 ].  

 Table  6.1  lists some of the technical differ-
ences between the available capsules. The most 
commonly used capsule is the Pillcam SB series 
manufactured by Given Imaging (Yokneam, 
Israel) (Video  6.1 ). The most recent version, the 
SB3 (approved by the US Food and Drug 
Administration in 2013), weighs 3 g and mea-
sures 11 mm in diameter and 26 mm in length. It 
is equipped with a CMOS image sensor, a short 
focal length lens, four white light-emitting diodes 
for illumination, and an ultrahigh-frequency 
radio telemetry transmitter for communication of 
video data to a portable recorder worn by the 
patient. The angle of view is 156°, and the mini-
mal detection size is estimated to be 0.07 mm. 
The capsule features “adaptive frame rate” tech-
nology, with video collection rates ranging from 
two to six frames per second depending on how 
fast the capsule is traveling. There are two ver-
sions of the battery, giving either 8 or 12 h of data 
collection time. The capsule is used with the 
RAPID Recorder DR3 and RAPID Sensor Belt 
SB3 accessories. There is an external real-time 
image viewer (RAPID Real Time Viewer), which 
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is helpful to determine if the capsule has reached 
the colon and whether the study can be termi-
nated early. The software program has also 
undergone incremental improvements. The most 
recent version (RAPID Reader 8.0) includes an 
advanced A-mode feature for video compila-
tion, as well as fl exible spectral imaging color 
enhancement (FICE) contouring and a progress 
indicator, based on time elapsed, linear distance 
traveled, and capsule motion information, to 
assist in localizing lesions for therapeutic inter-
vention. There is also a function to describe fi nd-
ings semiquantitatively using the Lewis Score 
[ 4 ]. Figures  6.2  and  6.3  show representative 
images of small bowel pathology by the Pillcam 
SB2 and SB3.

     The Endocapsule EC-S10 (Olympus America, 
Allentown, Pennsylvania) is almost identical in 
size to the SB3, with a weight of 3.3 g. This 

device captures two frames per second, using a 
supersensitive CCD image sensor with high reso-
lution. In addition, the Endocapsule features 
automatic brightness adjustment capabilities 
similar to that used in Olympus endoscopes and 
has a battery life of 12 h. The accompanying soft-
ware (Endocapsule Software 10) has red color 
detection and 3-dimensional tracking functions. 
A small study on patients with obscure small 
intestinal bleeding showed reasonably good 
agreement between slightly older versions of the 
Pillcam SB and Endocapsule, but did not demon-
strate any defi nite superiority of one capsule over 
the other [ 5 ]. A previous European study also 
failed to show any signifi cant difference in diag-
nostic yields between the two [ 6 ]. 

 The Mirocam MC1000-W (Intromedic, Seoul, 
Korea) has recently been FDA approved but is 
not yet in widespread use in the USA. Small 

  Fig. 6.1    ( a ) Pillcam SB3 (Given Imaging, Yokneam, 
Israel); ( b ) Endocapsule (Olympus Medical Systems 
Corporation, Tokyo, Japan); ( c ) Mirocam (IntroMedic 

Co., Ltd., Seoul, Korea); ( d ) Capsocam SV1 (Capsovision, 
Saratoga, USA); ( e ) OMOM capsule (Jinshan Science and 
Technology Co., Chongqing, China)       
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comparative studies have reported equivalent 
outcomes between the Mirocam and Pillcam SB 
or Endocapsule in terms of yield and fi ndings 
[ 7 – 10 ]. An associated model, the MC1000-WM, 
has limited ability to be steered in real time. 

 The Capsocam SV1 (Capsovision, Saratoga, 
California) features 360° panoramic viewing (via 
four cameras), capturing 20 frames per second 
(fi ve for each camera) for the fi rst 2 h followed by 

12 frames per second for the remainder of the 
15-h battery life. It is slightly larger than the 
other capsules, with dimensions of 11 mm by 
31 mm. Its smart motion sense technology acti-
vates the cameras only when the capsule is in 
motion, limiting the number of redundant images 
and improving battery life. There are 16 white 
light-emitting diodes powered by an automatic 
light controller. However, unlike the other 

   Table 6.1    Current small bowel capsule endoscopes that are commercially available or in development   

 Capsule  Manufacturer 
 Dimensions 
(mm) 

 Angle of 
view (°) 

 Image capture 
rate (fps) 

 Battery 
life (h) 

 Data transmission 
technology 

 Pillcam SB3  Given Imaging  11 × 26  156  2–6  12  Radiofrequency 
 Endocapsule  Olympus  11 × 26  145  2  8  Radiofrequency 
 Mirocam  IntroMedic  10.8 × 24.5  170  3  12  Electrical fi eld 

propagation 
 Capsocam SV1  Capsovision  11 × 31  360  12–20  15  Capsule retrieval/

download 
 OMOM JS-ME-II  Jinshan  13 × 27.9  140  2  8  Radiofrequency 

   fps  frames per second  

  Fig. 6.2    Pillcam SB3 capsule images of: ( a ) bleeding; ( b ) angioectasia; ( c ) Crohn’s ileitis with ulcers; ( d ) edematous 
villi; ( e ) normal papilla of Vater       
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 capsules, the data are not wirelessly transmitted 
to a receiver; instead, the capsule must be 
retrieved after passage from the body and the data 
 downloaded via a direct connection. This may 
potentially adversely affect patient acceptance. 
On the other hand, the presence of cardiac pace-
makers or implanted defi brillators is not a listed 
contraindication, and there is no need for the 
patient to wear an external receiver. Small studies 
have shown comparable diagnostic yield and 
image quality between the Capsocam and Pillcam 

SB, but reading time with the Capsocam was 
 longer [ 11 ,  12 ]. Finally, the OMOM JS-ME-II 
capsule (Jinshan Science and Technology, 
Chongqing, China) is slightly larger than the 
Pillcam SB3, but other technical specifi cations 
are similar. An associated version, the OMOM 
JS-ME-III, is controllable in real time; this 
function is mainly intended to move the capsule 
around when examining the stomach. 
Uncontrolled studies have shown promising 
diagnostic yields and rates of complete small 

  Fig. 6.3    Pillcam SB or SB2 capsule images of ( a ) carci-
noid tumor; ( b ) celiac sprue; ( c ) cytomegalovirus enteritis; 
( d ) small bowel polyp in the setting of familial adenoma-

tous polyposis syndrome; ( e ) gastrointestinal stromal 
tumor with ulcer; ( f ) jejunal varices; ( g ) small bowel ade-
nocarcinoma. Images courtesy of Dr. Michael Chiorean       

 

O.S. Lin



97

bowel examination [ 13 ,  14 ]. Currently, neither 
the Capsocam nor the OMOM capsule are 
approved by the FDA for use in the USA. 

 The following comments, unless otherwise 
specifi ed, apply to the Pillcam SB series, the lon-
gest approved and most commonly used capsule 
endoscope in the USA.  

    Bowel Preparation and Procedure 
Protocol 

 The capsule is swallowed following an 8–12-h 
fast and, in many cases, some form of bowel 
preparation. Patients are typically allowed to 
drink clear liquids 2 h into the study, and to eat 
solid food 4 h after capsule ingestion. During the 
8–12 h of battery life, the capsule passes through 
the gastrointestinal tract via peristalsis while 
images are recorded and transmitted wirelessly to 
an external recorder worn by the patient. The 
images are formatted into a video fi le that can be 
viewed on a computer using specialized software. 
For patients who are unable to swallow the cap-
sule or suffer from delayed gastric emptying, the 
capsule can be deployed endoscopically in the 
duodenum or postoperative anatomy using a spe-
cially designed capsule holder fi tted onto the tip 
of a conventional endoscope. 

 Currently, there is wide variation in the bowel 
preparation process used in different units. 
Various types of osmotic or stimulant laxatives, 
such as magnesium citrate or bisacodyl, and pro-
kinetic agents, such as metoclopramide, may be 
used to prepare the small bowel for capsule 
endoscopy. Three meta-analyses have concluded 
that mucosal visualization was better when the 
bowel was prepared with sodium phosphate, 
polyethylene glycol, or erythromycin compared 
with clear liquid diet alone [ 15 – 17 ]. A 2 L poly-
ethylene glycol preparation has been proven to be 
equally effi cacious to a 4 L preparation in terms 
of mucosal visualization and capsule completion 
rate [ 18 ]. A score has been developed based upon 
the proportion of mucosa visualized and quantifi -
cation of the degree of obscuration by bubbles, 
debris, or bile [ 19 ]. The interobserver agreement 
of this scale was shown to be good (k = 0.8), 
although it has yet to be validated prospectively.  

    Diagnostic Yield for Obscure 
Bleeding and Anemia 

 The diagnostic yield (i.e., the percentage of cap-
sule studies demonstrating clinically signifi cant 
fi ndings) varies considerably depending on indi-
cation and patient characteristics. Reported diag-
nostic yields are 36–92 % for obscure overt 
gastrointestinal bleeding, 41–63 % for occult 
bleeding, and 42–66 % for unexplained iron- 
defi ciency anemia [ 20 – 33 ]. The most common 
fi nding explaining obscure bleeding is small 
bowel angioectasia. Serious fi ndings in these 
studies were particularly common in young 
patients with unexplained anemia [ 34 ]. However, 
performing capsule endoscopy in patients who 
had only a positive fecal occult blood test (with-
out anemia or visible bleeding) was not fruitful 
[ 35 ]. Most studies have not been able to report 
true accuracy data (such as sensitivity or specifi c-
ity) due to the diffi culty of establishing a reliable 
gold standard for obscure small bowel bleeding. 

 Several meta-analyses have summarized the 
data on comparative studies involving capsule 
endoscopy for small bowel evaluation [ 36 – 38 ]. 
For obscure bleeding, the diagnostic yield of 
 capsule endoscopy proved superior to that of 
push enteroscopy (with a yield gain of 30 %), 
small bowel barium studies (gain of 36 %) [ 38 ], 
and magnetic resonance enteroclysis [ 39 ]. In 
fact, capsule endoscopy was almost as accurate 
as intraoperative endoscopy [ 38 ,  40 ]. Another 
meta- analysis concluded that capsule endoscopy 
had a higher yield than “unidirectional” double-
balloon enteroscopy, but was inferior to “bidirec-
tional” double-balloon enteroscopy; that is, when 
per- oral and per-rectal approaches were both 
used [ 41 ]. Since bleeding lesions (including 
tumors) can be missed by capsule endoscopy 
[ 42 ], repeat capsule endoscopy can be useful in a 
signifi cant proportion of patients [ 43 – 45 ]. 

 The clinical impact of capsule endoscopy on 
patient management is important, because 
 nonspecifi c, clinically insignifi cant lesions are 
often found, even in asymptomatic individuals 
[ 46 ]. Studies have generally shown that capsule 
endoscopy often positively infl uences clinical 
management and outcomes, although some 
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recent studies have raised doubts as to its clinical 
impact on long-term outcomes [ 47 ,  48 ]. For 
“positive” capsule studies for obscure bleeding, 
44–82 % lead to specifi c therapeutic interven-
tions or changes in management, and 63–83 % 
are associated with cessation of bleeding [ 21 , 
 24 – 26 ,  49 ,  50 ]. Some studies have reported that 
negative capsule studies can predict a lower risk 
of rebleeding [ 51 – 54 ], although data have been 
discordant in other studies [ 55 – 57 ]. For iron-
defi ciency anemia, the medium-term impact has 
proven modest despite relatively high diagnostic 
yields [ 28 ,  58 ,  59 ]. In the acute setting, immedi-
ate capsule endoscopy has been shown to be 
more useful than angiography [ 60 ].  

    Diagnostic Yield for Crohn’s Disease 
and Other Non-bleeding Indications 

 In up to one-third of patients with Crohn’s dis-
ease, infl ammation is confi ned to the small intes-
tine, and beyond the reach of the push enteroscope 
or colonoscope [ 61 ,  62 ]. Barium small bowel 
follow-through examinations have limited ability 
to detect mild mucosal infl ammation in early 
Crohn’s disease [ 37 ,  63 ], and have been sup-
planted by computerized tomographic enterogra-
phy (CTE) and magnetic resonance enterography 
(MRE), which can also demonstrate extraluminal 
disease such as abscesses or fi stulae. However, 
capsule endoscopy is probably superior to CTE or 
MRE for detecting superfi cial mucosal ulcer-
ations. The diagnostic yield of capsule endoscopy, 
CTE, and MRE were compared in a meta-analy-
sis of 12 trials [ 64 ]. Capsule endoscopy enjoyed 
signifi cant incremental yield over that of ileocolo-
noscopy (22 % gain) and CTE (47 %). A subse-
quent study on suspected or newly diagnosed 
Crohn’s disease compared capsule endoscopy 
against CTE and MRE [ 65 ]. Patients underwent 
ileocolonoscopy, CTE, or MRE, followed by cap-
sule endoscopy. The sensitivity and specifi city for 
the diagnosis of terminal ileitis were 100 % and 
91 % for capsule endoscopy, compared with 81 % 
and 86 % for MRE, and 76 % and 85 % for CTE. 

 In patients with symptoms suspicious for 
Crohn’s disease, the combination of capsule 

endoscopy and ileocolonoscopy identifi ed 97 % 
of all small bowel infl ammatory lesions, while 
small bowel follow-through and ileocolonoscopy 
detected only 57 %. Of the patients ultimately 
found to have small bowel Crohn’s disease, 55 % 
were diagnosed by capsule endoscopy alone [ 61 ]. 
It should, however, be noted that small bowel 
erosions seen on capsule endoscopy may be non-
specifi c or due to the use of nonsteroidal anti- 
infl ammatory drugs (NSAIDs); furthermore, 
there have been well-documented cases of small 
bowel ulcers being identifi ed even in “normal” 
individuals [ 46 ,  66 ]. 

 Capsule endoscopy can also be helpful in 
monitoring the extent and severity of infl amma-
tion in patients with established Crohn’s disease 
[ 67 ]. In persistently symptomatic patients, cap-
sule endoscopy identifi ed active infl ammation in 
82 % of patients, compared with only 49 % 
detected by ileocolonoscopy [ 68 ]. In another 
study, 56 % of subjects were noted on capsule 
endoscopy to have jejunal ulcerations not seen on 
CTE [ 69 ,  70 ]. Capsule endoscopy is also useful 
for documenting mucosal healing after treatment 
[ 1 – 3 ,  67 ,  71 ]. In a prospective study, capsule 
endoscopy performed before and after treatment 
demonstrated a signifi cant reduction in the num-
ber of small bowel ulcers, and mucosal healing 
correlated with other measures such as the 
Crohn’s Disease Activity Index, Infl ammatory 
Bowel Disease Questionnaire, and C reactive 
protein values [ 72 ]. Lastly, capsule endoscopy 
can be used to screen for anastomotic recurrence 
of Crohn’s disease after surgical therapy [ 73 ,  74 ]. 

 In 4–10 % of patients with infl ammatory bowel 
disease involving the colon, distinguishing ulcer-
ative colitis from Crohn’s disease is not possible 
with just ileocolonoscopy and imaging [ 2 ,  75 ]. In 
some situations, establishing this distinction has 
important implications for medical and particularly 
surgical treatment. By providing direct visualiza-
tion of the entire small bowel, capsule endoscopy 
can often clarify the diagnosis in patients initially 
presenting with indeterminate colitis. Studies have 
shown that capsule endoscopy altered the diagnosis 
in 29–40 % of such patients [ 62 ,  76 – 78 ]. 

 Capsule endoscopy has also been useful for 
the assessment of other non-bleeding indications 
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such as celiac sprue [ 79 – 81 ], small bowel tumors 
[ 82 – 84 ], and lymphomas [ 85 ]. A tentative scor-
ing system has been proposed to help diagnose 
small bowel tumors on capsule endoscopy [ 86 ].  

    Capsule Endoscopy Scoring 
Systems for Crohn’s Findings 

 Currently, there are two validated scoring sys-
tems available to describe the extent and severity 
of Crohn’s disease seen on capsule endoscopy. 
The Capsule Endoscopy Crohn’s Disease Activity 
Index (CECDAI) is based on the severity of 
infl ammation, extent of disease, and the presence 
or absence of strictures. The score ranges between 
0 and 36, with higher numbers representing more 
severe disease [ 87 ,  88 ]. The Lewis Index is based 
on villous edema, mucosal ulceration, and lumi-
nal stenosis [ 4 ]. A score of <135 is normal, while 
a score of ≥790 denotes moderate to severe 
infl ammation [ 89 ]. However, studies have sug-
gested that correlation is poor between the 
CECDAI and fecal calprotectin, while the Lewis 
score only correlates with low calprotectin levels 
[ 90 ,  91 ]. Correlation is mediocre between the 
CECDAI and C-reactive protein levels [ 92 ].  

    Comparison of Capsule Endoscopy 
and Deep Enteroscopy 

 Double- or single-balloon-assisted enteroscopy, 
also termed deep enteroscopy, is an alternative 
means for evaluating the entire small bowel that 
has become available in the last decade. This 
method is somewhat limited by the special train-
ing required and the frequent need for extended 
procedure times and anesthesia support, but 
sometimes can detect lesions missed by capsule 
endoscopy [ 93 ]. A meta-analysis reported diag-
nostic yields of 57 % with capsule endoscopy and 
60 % with deep enteroscopy. Stratifi ed analysis 
looking at vascular lesions, infl ammatory 
changes, and small bowel polyps/tumors all 
showed comparable yields between capsule 
endoscopy and deep enteroscopy [ 94 ]. More 
recent meta-analyses also concluded that the two 

modalities were comparable and complementary 
[ 95 ,  96 ], although deep enteroscopy had an 
increased yield when performed after a positive 
capsule endoscopy. Similarly, intraoperative 
enteroscopy also had an increased yield if per-
formed after a positive capsule endoscopy [ 97 ]. 
In general, capsule endoscopy would be recom-
mended as the initial test of choice in the evalua-
tion of small bowel disease, and can be followed 
up by deep enteroscopy if indicated. Intraoperative 
enteroscopy is the test of last resort in extremely 
recalcitrant obscure bleeding patients.  

    Contraindications 
and Complications 

 Contraindications to capsule endoscopy are few 
and the complication rate is low [ 98 ,  99 ]. The 
most important potential complication is capsule 
impaction in the small bowel. According to guide-
lines, capsule impaction is defi ned as retention of 
the capsule in the small bowel for longer than 2 
weeks [ 100 ]. Capsule impaction should be distin-
guished from type 1 regional transit abnormality, 
in which the capsule stays at the same point for 
more than 60 min (but less than 2 weeks) with no 
abnormality visible on the capsule video image 
[ 101 ,  102 ], or type 2 regional transit abnormality 
(previously termed transient capsule retention), in 
which the capsule stays at the same point for 
>60 min (but less than 2 weeks) with a visible 
abnormality such as a stricture [ 103 ]. Regional 
transit abnormalities are fairly common, with 
reported incidence rates of 5.7–13.3 % [ 104 ]. 
Capsule impaction is much less common, with 
occurrence rates infl uenced by the indication and 
patient characteristics. A systematic review 
reported capsule retention rates of 1.2 % for 
obscure bleeding, 2.6 % for Crohn’s disease, and 
2.1 % for small bowel tumors [ 105 ]. There have 
been no reported cases of capsule impaction 
occurring in a normal small intestine [ 46 ]. Capsule 
impaction usually occurs at sites of structural 
abnormality in the small bowel, such as ulcers, 
masses, strictures, or surgical anastomoses [ 106 ]. 

 Most cases of capsule impaction are asymp-
tomatic, even when the capsule remains impacted 

6 Small Bowel Capsule Endoscopy



100

for very long periods (as long as 2.5 years) [ 104 , 
 107 ]. There have been only a few reported cases 
of symptomatic capsule retention, including cap-
sule entrapment in a Meckel’s diverticulum [ 108 ], 
acute obstruction in a Crohn’s disease patient 
[ 109 ], capsule impaction in the appendix leading 
to appendicitis [ 110 ], and intestinal perforation 
[ 111 ,  112 ]. Once diagnosed, options to treat cap-
sule retention include endoscopic retrieval or, in 
the majority of cases, surgery. Capsule retention 
helps to localize the site of the pathology, allow-
ing the surgeon to target his or her intervention 
and potentially remove the offending lesion at the 
same time as the impacted capsule [ 100 ]. 

 Radiographic studies can identify possible 
obstructive intestinal lesions, but cannot reliably 
predict capsule impaction [ 98 ,  107 ]. The capsule 
has been known to pass normally even in patients 
with radiographically evident strictures [ 113 ]. 
Nevertheless, in some situations, small bowel fol-
low-through, and more recently CTE or MRE, 
may be helpful if performed before capsule endos-
copy in patients at increased risk for obstruction. 

 Another predictive tool is the Pillcam Patency 
Capsule (Given Imaging, Yokneam, Israel), which 
is a radio-opaque, self-dissolving capsule made of 
lactose and barium with two side timer plugs with 
exposed windows. It is the same size and shape as 
the Pillcam SB3 and contains a radiofrequency 
identifi cation tag that allows it to be detected by 
an external scanning device before it disintegrates 
30 h after ingestion [ 106 ,  113 – 115 ]. In patients 
with known or suspected small bowel strictures, 
the patency capsule had a 91 % negative predic-
tive value for capsule retention [ 116 ]. In one 
study, in which only those patients successfully 
passing the patency capsule were selected for 
capsule endoscopy, the capsule retention rate was 
zero [ 114 ]. Overall, the patency capsule seems to 
be a useful tool for assessing certain high-risk 
patients prior to capsule endoscopy [ 117 ]. Rare 
complications from the patency capsule, such as 
transient intestinal occlusion and abdominal 
discomfort, have been reported [ 114 ,  118 ]. 

 The radiofrequency waves used by the capsule 
endoscope to transmit data to the recorder can 
pose a theoretical risk of interference with 
implanted electronic devices. Based on this con-

cern, the FDA and the manufacturer, Given 
Imaging, list the presence of cardiac pacemakers 
or defi brillators as a contraindication to capsule 
endoscopy. However, data from a number of 
studies have demonstrated that capsule endos-
copy does not result in any cardiac arrhythmias 
or alteration of implanted electronic device func-
tion [ 119 – 123 ]. A brief lapse in capsule image 
acquisition (less than 2 min) was noted in only 
two patients, who remained asymptomatic and 
had no adverse events. Such data suggest that 
capsule endoscopy is probably safe to perform in 
patients with implanted electronic devices.  

    Current Limitations 

 Capsule endoscopy, in its present form, still suf-
fers from several limitations. Some problems are 
logistical, such as diffi culties with insurance 
 coverage, reimbursement for capsule study inter-
pretation, and training and quality control. 
However, capsule endoscopy has inherent techni-
cal limitations as well. One of the most important 
drawbacks is its inability to precisely localize 
detected lesions in order to target further therapy. 
The temporal relationship of visualized lesions 
with the pyloric channel and ileocecal valve gives 
the examiner an approximate idea of where the 
lesion is, but this can be misleading because the 
speed of capsule movement along the small 
bowel is not constant. The capsule also lacks the 
ability to mark the location of detected lesions 
(such as with a tattoo), a function that would be 
helpful for subsequent endoscopic or surgical 
therapy. Furthermore, delayed gastric emptying 
and slow small bowel transit can lead to 
 exhaustion of the battery before the cecum is 
reached. In some older studies, this occurred in up to 
20 % of capsules deployed, although longer bat-
tery life and adaptive frame collection technol-
ogy in the Pillcam SB3 may alleviate this problem 
in the future [ 124 ]. Reducing the frame rate in 
OMOM capsules has been shown to improve 
complete small bowel examination rate without 
adversely affecting diagnostic yield [ 125 ,  126 ]. 

 Capsule endoscopy visualization can be 
impaired by the presence of bubbles, food materi-
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als, suboptimal lighting, or resolution problems. 
The capsule examiner can repeatedly scrutinize 
video frames of interest, but cannot retroactively 
obtain better images; in contrast, during standard 
endoscopy the examiner can scrutinize the area of 
interest repeatedly in real time, maneuver the 
endoscope to adjust perspective, angle or distance, 
and perform fl ushing, suctioning, or air insuffl a-
tion as needed. Because the movement of the cap-
sule through the intestines is entirely passive, there 
is no way to control capsule movement in real time 
to improve the image quality in areas of interest. 
The random motion of the capsule means that in 
some frames only part of the 360° circumference 
of the small bowel is visible. Capsules with an 
extremely wide angle of view using multiple cam-
eras, such as the Capsocam, may address this issue 
in the future. Finally, current capsules are purely 
diagnostic and have no capability to obtain biop-
sies or intervene therapeutically.  

    Conclusion 

    Future Directions 

 Since its advent, most of the advances in capsule 
technology have been evolutionary in nature. 
Further improvements in resolution, brightness 
control, and angle and depth of view will 
undoubtedly occur, but their impact will be lim-
ited. On the other hand, breakthroughs in lesion 
localization and therapeutic intervention, when 
they occur, will be revolutionary [ 124 ]. Some of 
the possible future roles for capsule endoscopy 
include the performance of biopsies, medication 
injection, tattooing, capsule ultrasonography, and 
argon plasma coagulation. Most of these capa-
bilities require real-time imaging and the ability 
to control the capsule. Already there are capsules 
in development with limited steering capabilities, 
such as some versions of the Capsocam and 
OMOM capsule. The most recent versions of the 
Pillcam SB and Endocapsule both feature a lim-
ited real-time imaging function. In the emergency 
room, capsule endoscopy can be used to rule out 
upper gastrointestinal bleeding in real time in 
order to assist triage. Preliminary studies have 

shown that capsule endoscopy in the acute setting 
is feasible and useful [ 127 – 130 ]. 

 In the future, true real-time control capabili-
ties may become technically feasible, but there 
are still some logistical challenges. Since the 
small intestinal transit time can range from 
30 min to 12 h, it would not be practical to 
p erform real-time imaging for all capsule studies. 
A more realistic approach would be for all 
patients to fi rst undergo diagnostic capsule 
endoscopy with retroactive examination of the 
video recording, similar to what is currently 
done. If a lesion is potentially amenable to cap-
sule treatment, then the patient can be referred 
for a more involved therapeutic capsule proce-
dure performed with real-time control. 
Continuous advances in capsule technology are 
taking place, with capsule endoscopes for evalu-
ation of the esophagus and colon making their 
appearance in the commercial market in the last 
few years. Small bowel capsule endoscopy has 
already been shown to be safe and cost effective 
[ 131 ], and the learning curve for reading capsule 
endoscopy is relatively modest [ 132 ]. It is likely 
that the scope of capsule endoscopy will continue 
to expand. We look forward to a day when we can 
fi nally examine the darkest recesses of the small 
bowel with the same accuracy and ease that we 
currently enjoy for the stomach and colon.        
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Video Legends
Video 6.1 - Brief video comparing resolution dif-
ferences between Pillcam SB1, SB2 and SB3 cap-
sules visualizing normal small intestinal mucosa.
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           Introduction 

 The advent of double-balloon enteroscopy (DBE) 
a decade ago was a major breakthrough for the 
diagnosis and treatment of small bowel disorders 
[ 1 – 4 ]. Soon thereafter single-balloon enteroscopy 
(SBE) was introduced [ 5 – 8 ]. Both DBE and SBE 
have replaced push enteroscopy as the  methods of 

choice to perform deep enteroscopy. Both tech-
niques of SBE and DBE, similar to push enteros-
copy, use the principle of the push-and- pull 
technique: The endoscope is fi rst advanced 
(pushed) into the small bowel and this is followed 
by advancement of the overtube toward the tip of 
the endoscope. Then both the endoscope and 
overtube are pulled back together, pleating the 
small bowel over the scope. Hence the concept of 
“push and pull” [ 9 ]. However, when performing 
SBE and DBE, the major factor governing the 
maneuverability and depth of insertion of the 
enteroscope is the presence of a balloon on the 
distal end of the fl exible overtube. Therefore, we 
proposed to call this technique “balloon-assisted” 
enteroscopy (BAE) [ 10 ]. This terminology also 
allows one to include the through-the-scope bal-
loon into the spectrum of BAE [ 11 ]. 

 In the meantime another overtube-based spiral 
enteroscopy device was developed [ 12 ]. The 
principle of spiral enteroscopy is based on the use 
of an overtube, which has a screwlike tubing cov-
ering it. This confi guration allows for “screwing” 
the overtube and the endoscope into the jejunum 
[ 12 ,  13 ]. Because all modern deep enteroscopy 
methods rely on some sort of device, the term 
“device-assisted enteroscopy” was coined [ 14 ]. 
However, spiral enteroscopy did not gain the 
expected popularity and utility and is currently 
unavailable in most parts of the world. In addi-
tion, a new disposable device, the NaviAid ™  AB 
(AB = advancing balloon), also called BGE 
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device (balloon-guided endoscopy), has been 
developed [ 15 ]. The NaviAid ™  system can be 
used with standard endoscopes, consisting of a 
catheter with an infl atable balloon attached at the 
distal end. Once advanced through the working 
channel, the balloon can be infl ated and used for 
anchoring, allowing the advancement of the endo-
scope. In this chapter we present the technical 
aspects of performing BAE, focusing on advances 
of the technique, equipment, and indications.  

    Defi nition of Balloon-Assisted 
Enteroscopy 

 BAE is the performance of either diagnostic or 
therapeutic interventions of the small bowel 
using a balloon-catheter or balloon-overtube. 
Currently there are three types of BAE: DBE, 
SBE, and balloon-catheter-guided enteroscopy 
(BGE). Both DBE and SBE use an overtube with 
a balloon attached at the distal part of the over-
tube. The main difference between SBE and DBE 

is the presence of a second balloon attached to 
the scope (Figs.  7.1  and  7.2 ). Deep enteroscopy 
performed with a through-the-scope balloon 
catheter is known as balloon-guiding endoscopy 
(BGE, NaviAid ® ) [ 15 ] (Fig.  7.2 ). For easiness 
and clear understanding of the methods used, we 
prefer to specifi cally state whether the BAE was 
performed using an overtube with a single bal-
loon (SBE) or double balloon (DBE), or if an 
on-the- scope balloon technique (BGE) was 
employed.    

    Indications 

 The indications for BAE have increased signifi -
cantly since its introduction in 2004. Currently, 
BAE techniques are not only used to perform 
deep enteroscopy, but the equipment can also be 
used for endoscopic retrograde cholangiopancrea-
tography (ERCP), incomplete colonoscopies, or 
exploring the gastrointestinal tract of patients 
with surgically deranged anatomy [ 16 – 28 ] 

  Fig. 7.1    Balloon-assisted enteroscopy. ( a ) Double-balloon 
enteroscope. ( b ) Single-balloon enteroscope. The major 
similitude is the overtube with the balloon ( red  circle ). 
In double-balloon enteroscopy there is an additional 

balloon on top of the scope ( yellow oval ). Note balloon 
insuffl ators for Fujinon (c) and Olympus systems (d), 
respectively       
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(Fig.  7.3 ). Table  7.1  lists indications for BAE. 
Furthermore, BAE has become an important tool 
to deliver various types of endoscopic therapies 
during deep enteroscopy, but also for many other 
gastrointestinal problems, such as insertion of 
self-expanding metal stents into the small bowel 
or into the stomach in patients with deranged 
anatomy [ 22 – 26 ] (Table  7.1 , Figs.  7.4  and  7.5 ). 

         Equipment 

 We will separately describe the equipment and 
technique used for overtube-based BAE and 
through-the-scope balloon-guided enteroscopy. 

    Overtube-Assisted BAE 

 Currently there are two types of balloon entero-
scopes: DBE (Fujifi lm, Japan) and SBE (Olympus 
Optical Co, Ltd, Tokyo, Japan) [ 1 – 8 ,  13 ,  29 ,  30 ] 
(Fig.  7.1 ). The enteroscopes used to perform DBE 
come in various lengths and diameters (Table  7.2 ). 
This variety allows one to choose the scope for 
different conditions. The diagnostic or small-
diameter enteroscope is potentially useful for nar-
rowed luminal diameter, signifi cant adhesions, 
and/or performing incomplete  colonoscopy [ 13 , 
 30 ]. However, the small working channel of this 
enteroscope limits the therapeutic capabilities, as 
there are few accessories that can be easily 

  Fig. 7.2    Balloon-guided enteroscopy (BGE). The BGE device is attached to the scope. ( a ) Infl ation device. 
( b ) Advancing balloon. ( c ) Endoscopic view of advancing catheter. ( d ) Endoscopic view of advancing balloon       
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  Fig. 7.3    Fluoroscopy during balloon-assisted enteros-
copy (BAE). The images show ( a ) antegrade (oral) BAE, 
( b ) looping of bowel due to adhesions during an oral 
BAE, ( c ) use of contrast to delineate a stricture in a patient 

with Crohn’s disease, ( d ) “pretzel” confi guration of the 
scope in a patient with previously failed colonoscopy, 
( e ) retrograde (anal) BAE, and ( f ) passing of a long and 
fl oppy splenic fl exure during anal BAE       

  Tumors (adenocarcinoma, gastrointestinal stromal 
tumors, search for primary neuroendocrine tumors)  
  Submucosal injection with India ink  
  Removal of foreign bodies (e.g., capsule endoscope, 
pins, dentures, needles, coins)  
  Colonoscopy  
 Complete a previously failed colonoscopy 
 Stent placement 
  Percutaneous endoscopic jejunostomy in normal and 
altered bowel anatomy     (gastric bypass, Roux-en-Y)  
  Biliary interventions  
 ERCP 
 •  Cholangiogram 
 •  Pancreatogram 
 •  Sphincterotomy 
 •  Precut sphincterotomy 
 •  Papillectomy 
 •  Balloon dilation 
 •  Stone removal 
 •  Stent placement/removal (plastic and metal stents) 
 •  Removal of dislocated metal stent 

    Table 7.1    Indications and potential therapeutic interven-
tions using the balloon-assisted enteroscopy   

  Small bowel bleeding  
 Hemostasis 
 • Argon plasma coagulation 
 •  Injection of diluted epinephrine (1:100,000) 
 •  Sclerotherapy (cyanoacrylate injection, 

Dermabond ® , Histoacryl ® ) 
 •  Placement of clips (standard hemoclips or 

over-the-scope clips) 
  Crohn’s disease  
 Balloon dilation of strictures 
 Retrieval of retained small bowel capsule 
  NSAID enteropathy  
 Balloon dilation of strictures 
  Malabsorption syndromes  
  Celiac disease (surveillance)  
  Polyposis syndromes (surveillance)  
  Polypectomy  
  Endoscopic mucosal resection  
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advanced through this 2.2 mm channel. For this 
reason, most experts prefer the “therapeutic” 
enteroscope, which has a larger diameter and 
wider working channel (2.8 mm) [ 29 ,  30 ] 
(Table  7.2 , Video  7.1 ). The single-balloon entero-
scope (SIF Q260) has a 200 cm working length, a 
9.2 mm outer diameter, and a 2.8 mm working 
channel [ 5 – 8 ]. This enteroscope from Olympus 
and the “diagnostic” and “therapeutic” entero-
scopes from Fujifi lm have the same length, in 
contrast to the short enteroscopes from Fujifi lm 
(Table  7.2 ) [ 1 – 8 ,  13 ,  24 ]. The advantage of the 
shorter enteroscope is its utility for ERCP [ 27 ,  28 , 
 30 ]. To simplify the defi nitions, we call the long 
enteroscopes “standard” length scopes and the 
shorter scopes “short enteroscopes.” In addition, 
the reader should know that the DBE scopes could 
also be used to perform SBE [ 29 ]. In this instance, 
no balloon is attached to the endoscope itself.

   Both standard DBE enteroscopes and their 
respective overtubes have the same length (enter-
oscope 200 cm, overtube 1,450 mm), but the 
external diameters of both the endoscope and the 
overtube are different. The diagnostic DBE 
(EN-450P5, Fujinon, Saitama, Japan) has an 
external diameter of 8.5 mm and the overtube has 
a diameter of 12.2 mm, whereas the therapeutic 
DBE (EN-450T5) has an external diameter of 
9.4 mm and the overtube has a diameter of 
13.2 mm [ 13 ,  24 ,  30 ]. The diameter of the work-
ing channel of the therapeutic DBE is 2.8 mm 
whereas the diagnostic one is 2.2 mm wide [ 13 , 
 24 ,  29 ,  30 ]. Thus, careful attention should be paid 
when choosing accessories, as these must be long 
enough to exit the scope and also have an exter-
nal diameter that permits their insertion and 
pushing through the respective working chan-
nels. In our endoscopy unit we keep a list of the 

  Fig. 7.4    BAE-ERCP in a patient with Whipple operation 
and hepaticojejunostomy with Roux-en-Y anastomosis. 
( a ) Scope in biliodigestive limb. ( b ) The hepaticojejunos-
tomy is often diffi cult to fi nd. Here it is located at the 6 

o’clock position. ( c ) Cannulation of the hepaticojejunos-
tomy. ( d ) Removal of sludge and an inwardly migrated 
plastic stent with a basket. ( e ) Cholangiography. 
( f ) Removed stent       
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sizes, diameters, lengths, and working channel 
capabilities of all the endoscopes we use. These 
tables are posted on the wall of each room and 
serve as a quick reference. The lengths and sizes 
of the overtubes are also specifi ed in Table  7.2 .   

    Technique of Balloon-Assisted 
Enteroscopy 

 We prefer to use general anesthesia when per-
forming oral (antegrade) BAE. When using gen-
eral anesthesia we prefer to place the patient on 
their back (i.e., supine). This position will also 
allow for easy external manual compression 

when this is needed to improve advancement of 
the scope. When conscious sedation is utilized, 
left-lateral decubitus positions are mandatory, so 
that the patient’s secretions can be managed 
properly and thus aspiration avoided [ 13 ]. We use 
moderate sedation for the majority of our patients 
undergoing anal (retrograde) BAE. 

 Both techniques of SBE and DBE, similar to 
overtube-assisted push enteroscopy, use the prin-
ciple of the push-and-pull technique using the 
overtube: The endoscope is fi rst inserted (pushed) 
into the small bowel, then the overtube is advanced 
toward the tip of the endoscope, and then both 
endoscope and overtube are pulled back; hence 
the name “push and pull” (Fig.  7.6 ) [ 13 ]. 

  Fig. 7.5    BAE in a patient with Roux-en-Y gastric bypass. 
( a ) Recognition of the afferent loop is facilitated by the 
presence of many small and large yellowish air bubbles, 
which result from the presence of bile. ( b ) Pylorus viewed 

from the “back.” ( c ) Retrofl exion of the enteroscope 
inside of the excluded stomach. The retrofl exion was per-
formed to visualize the antrum. ( d ) Multiple ulcers and 
erosions were seen       
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 This  standard approach to BAE requires two 
 people, the operator and an assistant. The assis-
tant holding the overtube plays a crucial role, as a 
stable overtube will positively infl uence the depth 
of insertion and the maneuverability of the scope 
[ 13 ]. When using SBE and DBE, the major factor 
governing the depth of insertion of the entero-
scope is the presence of the balloon on the distal 
end of the fl exible overtube. The overtube stabi-
lizes the intestine, preventing it from bending or 
looping [ 13 ,  30 ]. Although, the overtube stabi-
lizes the intestine, preventing it from bending or 
looping, the key action of the infl ated overtube 

balloon is to shorten the small bowel proximally 
(Fig.  7.6a ). The infl ated balloon prevents the 
intestine from sliding forward while the scope is 
being pushed or advanced forward (Fig.  7.6b ) 
[ 13 ,  30 ]. This allows the endoscopist to fi rmly 
push on the enteroscope, effectively transmitting 
forces to the distal end of the endoscope and 
hence permitting the advancement of the entero-
scope deeper into the small bowel without loop-
ing or stretching of the proximal intestine [ 1 – 8 , 
 10 ,  13 ,  30 ]. The key steps and aspects of BAE are 
listed in Table  7.3  and shown in Fig.  7.6  and 
Video  7.2 . 

      Table 7.2    Enteroscopy device specifi cations   

 Specifi cations 

 Scopes 
 Scope working 
length (cm) 

 Scope diameter 
(mm) 

 Channel 
diameter (mm) 

 Overtube 
length (cm) 

 Overtube outer 
diameter (mm) 

 SBE (Olympus, SIF-Q180)  200  9.2  2.8  140  13.2 
 DBE (Fujinon, EN-450PS/20)  200  8.5  2.2  145  12.2 
 DBE (Fujinon, EN-450T5)  200  9.4  2.8  145  13.2 
 DBE (Fujinon, EC-450BI5)  152  9.4  2.8  105  13.2 
 Pentax VSB-3,430 K  220  11.6  3.8 
 SE 
 Spirus medical, discovery SB 

  a    a    a   118  16 

   DBE  double-balloon enteroscopy,  SB  small bowel,  SE  spiral enteroscopy,  SBE  single-balloon enteroscopy 
  a Either the Fujinon DBE enteroscope or the Olympus SBE enteroscope can be used to perform SE with a spiral 
 enteroscopy overtube  

  Fig. 7.6    Key elements of 
double-balloon enteros-
copy. ( a ) Both the overtube 
and scope are pulled back 
( red arrow ) to straighten 
the bowel and retract the 
proximal bowel on top of 
the overtube. ( b ) The 
balloon of the overtube is 
kept infl ated (keeping the 
retracted bowel in place) 
and the balloon of the 
scope is defl ated. The 
infl ated balloon prevents 
the intestine to slide 
forward, keeping it 
“shortened” while the 
scope is being pushed or 
advanced forward ( green 
arrow  shows direction of 
scope)       
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   The insertion method for both SBE and DBE 
is similar (Table  7.3 , Fig.  7.6 , Video  7.2 ). The 
main difference between the SBE and DBE tech-
nique is the approach of holding the small intes-
tine in place while the overtube is advanced [ 13 , 
 30 ]. When using the SBE technique, after the 
endoscope is inserted maximally, the tip of the 
endoscope is bent to form a hook shape, holding 
the small intestine in a stable position (Video  7.2 ), 
instead of the infl ated balloon on the tip in DBE 
technique. When the sliding overtube is advanced 
to the tip of the scope, the overtube balloon is 
then infl ated to hold and stabilize the intestine 
[ 13 ,  30 ]. After returning the tip of the endoscope 
to the neutral position to avoid mucosal injury, 
both the scope and the sliding tube are simultane-
ously withdrawn, thus pleating and shortening 
the intestine over the scope. By repeating these 
maneuvers, the endoscope can be inserted into 
the deep small bowel. 

 For performing ERCP in patients with a Roux-
en- Y anastomosis or surgically altered upper gas-
trointestinal tract anatomy we recommend the use 
of the therapeutic DBE with a working channel of 
2.8 mm or the short enteroscopes (Fig.  7.4 ) [ 30 ]. 
These therapeutic scopes have better maneuver-
ability than the smaller diameter enteroscopes. In 
addition, the working channel is larger, allowing 
for an easier introduction of the diagnostic and 
therapeutic accessories. Although we have 

 performed several cases of DB-ERCP utilizing 
only the balloon of the overtube (“single- balloon 
ERCP”), we still recommend attaching the bal-
loons to both the scope and the overtube and we 
use the double-balloon push-and-pull technique 
to advance through the small bowel [ 30 ].  

    Balloon-Guided Enteroscopy 

 The BGE is made of disposable device consisting 
of a two-balloon element and an air supply unit to 
control the operation of the balloons (Fig.  7.2 ) 
[ 14 ]. The catheter length is 190 cm and the bal-
loon diameter is 40 mm. The BGE device is com-
patible with scopes ranging from 10 to 13 mm in 
diameter. The BGE device is mounted on the 
scope, with a stabilizing balloon at the distal end 
of the scope and an advancing balloon, sheltered 
within the stabilizing balloon [ 14 ]. The advanc-
ing balloon is advanced or retracted manually 
ahead of the scope by a fl exible advancing tube, 
which passes through a dedicated external chan-
nel, leaving the working channel of the scope free 
for accessory usage. BGE is performed in a simi-
lar fashion to DBE [ 14 ]. Once the scope has been 
positioned in the intestine (step 1), the stabilizing 
balloon is infl ated and the anchoring balloon is 
advanced into the intestine (step 2), ahead of the 
scope. Once it has been advanced, it is infl ated to 

    Table 7.3    Key technical steps used to perform double- balloon enteroscopy   

 Step 1  The scope and overtube are advanced into the intestine (large bowel or small bowel). 

 Step 2  The balloon of the overtube is infl ated. 
 Step 3  The scope is advanced (pushed) forward into the small bowel. 
 Step 4  The balloon of the scope is infl ated, anchoring the bowel. 
 Step 5  The balloon of the overtube is defl ated. 
 Step 6  The overtube is advanced (slid) toward the tip of the scope. 
 Step 7  The balloon of the overtube is infl ated. Now both the scope and overtube balloons are infl ated. 
 Step 8  Both the overtube and scope are pulled back to straighten the bowel and retract and pleat the proximal 

bowel onto the overtube. 
 Step 9  The balloon of the overtube is kept infl ated (keeping the retracted bowel in place) and the balloon of the 

scope is defl ated. 

 At this level the procedure continues with step 3 (see above). 

  Single-balloon enteroscopy follows exactly the same principles, with the exception of not infl ating any balloon on the 
scope. In SBE, the scope tip needs to bend to anchor the intestine. Therefore step 4 is bending of the tip of the scope 
instead of infl ating a balloon  
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anchor the intestine (step 3). Then the stabilizing 
balloon at the scope tip is defl ated and the scope is 
again inserted toward the infl ated anchoring bal-
loon (step 4). Then the stabilizing balloon is infl ated 
as well (step 5) and with both balloons infl ated, the 
scope is pulled back and the intestine is straight-
ened (step 6). Then the advancing balloon is 
defl ated and advanced, beginning with step 2.  

    Use of Fluoroscopy 

 We recommend the availability and/or use of fl u-
oroscopy when performing the BAE (Figs.  7.3 , 
 7.4 , and  7.5 , Video  7.3 ). Fluoroscopy may help 
estimate the depth of insertion, and scope posi-
tioning, and minimize the formation of fi gure- 
eight loops [ 13 ]. Whereas fl uoroscopy is not 
always needed during a standard oral or retro-
grade BAE, it is mandatory to use it for planned 
therapeutic procedures, in patients with surgi-
cally altered anatomy and those with abdominal 
scarring and bowel adhesions (Figs.  7.4  and  7.5 ). 
Previous abdominal surgery may make BAE 
more diffi cult. Adhesions may limit the mobility 
of the intestine and make insertion of the BAE 
more cumbersome. The most important aspect to 
remember is to be patient and not to advance the 
scope and or overtube forcefully. In addition, 
careful attention should be paid to avoiding 
excessive air insuffl ation while advancing the 
endoscope as the bowel gets distended and fur-
ther advancement is thus hampered. The use of 
carbon dioxide (CO 2 ) instead of air allows for 
deeper intubation and bowel visualization [ 31 , 
 32 ]. In addition, patients experience less pain due 
to abdominal distention when using CO 2  [ 31 ]. 
Changing the patient’s position or applying exter-
nal abdominal pressure may help. Thus, it is evi-
dent that fl uoroscopy can be very helpful in 
situations when advancement is limited, as it per-
mits one to estimate the degree of looping present 
as well as to visualize the direction that the scope 
is taking.  

    Sedation and Anesthesia 

 BAE has been traditionally performed using con-
scious sedation [ 1 – 8 ]. However, these procedures 
are lengthy and physically demanding on both 
the patient and endoscopy team. The risk of aspi-
ration and desaturation is high [ 32 ,  33 ]. Therefore, 
currently we perform the majority of BAE with 
the patient under general anesthesia [ 34 ]. Despite 
the procedures under general anesthesia needing 
additional time for preparation, we prefer this 
option to perform anterograde enteroscopies as 
well as therapeutic BAE and BAE-ERCP in 
patients with surgically altered upper GI tract 
anatomy [ 30 ,  32 – 34 ]. Conscious sedation may be 
used when retrograde BAE is performed.  

    Determination of the Primary Route 
of Insertion of BAE (Oral or 
Antegrade Versus Anal or 
Retrograde) 

 Oral or antegrade BAE allows for a median inves-
tigation of 250–300 cm of small bowel, whereas 
retrograde or anal enteroscopy permits depths of 
investigation of about 100–200 cm [ 1 – 8 ,  13 ]. 
When both routes are used successively a “total” 
small bowel enteroscopy can be achieved in 
10–70 % of patients [ 1 – 8 ,  13 ]. In the ideal world, 
a total enteroscopy should be achieved using 
either route. But this is still not possible in the 
majority of cases. Thus, whenever a patient with 
a suspected small bowel disorder presents to us 
for small bowel investigation, the choice for 
either the oral (“antegrade”)    or the anal (“retro-
grade”) route will depend on the suspected loca-
tion of the lesion within the small bowel based on 
the clinical manifestations, as well as the results 
of laboratory, radiological, and capsule endo-
scopic examinations [ 1 – 10 ,  13 ]. When achieving 
total enteroscopy is desired, a second procedure 
in the opposite direction is scheduled.  
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    Imaging and Advanced Imaging 

 Small bowel endoscopic imaging comprises 
techniques such as high-defi nition white light, 
standard white light with chromoendoscopy, vir-
tual chromoendoscopy, magnifi cation, as well as 
endomicroscopy for the evaluation of the gastro-
intestinal mucosa [ 29 ] (Table  7.4 , Fig.  7.7 ). The 
concept of using more than one imaging method 
when performing endoscopy is currently called 
multimodal endoscopy [ 29 ]. For example, using a 
combination of standard white light and chromo-
endoscopy is an example of bimodal endoscopy. 

   Table 7.4    Standard and advanced endoscopic imaging 
during balloon-assisted enteroscopy   

 Standard white light endoscopy 
 High-defi nition white light endoscopy 
 Water immersion technique 
 Dye-based chromoendoscopy 
 •  Methylene blue 
 •  Indigo carmine 
 Dye-less chromoendoscopy (“virtual” chromoendoscopy) 
 •  Fujinon intelligent chromoendoscopy (FICE) 
 •  i-Scan 
 •  Narrow-band imaging (NBI) 
 Zoom and magnifi cation endoscopy 
 Endocytoscopy 
 Confocal laser endomicroscopy 

  Fig. 7.7    Advanced imaging during BAE. Normal small bowel mucosa. ( a ) High-defi nition white light. ( b ) Magnifi cation 
endoscopy. ( c ) FICE and magnifi cation endoscopy. ( d ) Confocal endomicroscopy       
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When using three methods the terminology 
changes to advanced trimodal imaging and so 
forth [ 29 ,  35 ,  36 ]. The most common methods 
used are high-defi nition white light, water immer-
sion technique, and “dye-less” virtual chromoen-
doscopy [ 29 ,  35 ,  36 ]. The water immersion 
technique is very useful when mucosal atrophy is 
suspected. We utilize immersion technique every 
time when investigating patients for celiac dis-
ease and malabsorption syndromes [ 29 ]. Virtual 
chromoendoscopy is technically very simple, 
without the burden of the standard chromoendos-
copy, and is also benefi cial to demarcate lesions 
as well as identify disease activity and mucosal 
healing in infl ammatory bowel disease [ 29 ,  35 ]. 
However, we prefer to use standard dye-based 
methods using indigo carmine or methylene blue 
when evaluating polyposis syndromes and during 
endoscopic resection [ 36 ].

        Conclusion 

 This chapter reviews and demonstrates the indi-
cations, principles, and techniques of device- 
assisted enteroscopy. It is clear that device-assisted 
enteroscopy has become the primary method to 
perform deep enteroscopy and to perform diag-
nostic and therapeutic pancreatobiliary interven-
tions in patients with surgically distorted small 
bowel anatomy such as Roux-en-Y anastomosis 
with hepaticojejunostomy. We expect further 
refi nements of the endoscope such as increase in 
the working channel and innovations of the inter-
ventional accessories that will result in more pos-
sibilities to better treat patients who have small 
bowel disorders and those with complex postsur-
gical anatomy.       
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Video Legends
Video 7.1 - Therapeutic DBE.
Video 7.2 - DBE technique step by step.
Video 7.3 - SBE with fl uoroscopy.
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           Background, Instruments, 
Technique, and Indications 

 Spiral or rotational enteroscopy is a device- 
assisted technique for the endoscopic evaluation 
of the small bowel. It applies the same principle 
of pleating the small bowel as the double- and 
single-balloon enteroscopy. However, instead of 
sequential push–pull maneuvers it uses a rota-
tional spiral overtube similar to a corkscrew in 
order to convert rotational motion into linear force 
that will fold the small bowel, thus “advancing” 
an endoscope that is threaded through the over-
tube [ 1 ]. The procedure can be performed either 
anterograde or retrograde using two different 
overtubes. The anterograde overtube has an over-
all length of 118 cm, outer diameter of 14.5 mm, 
internal diameter of 9.8 mm, spiral height 5.5 mm, 
and spiral length 22 cm (Fig.  8.1 ). The retrograde 
overtube is shorter at 100 cm and has a larger 

external and internal diameter (18 mm and 13 mm 
respectively) and a shorter spiral length (20 cm) 
(Fig.  8.2 ) (Spirus Medical LLC, West Bridgewater, 
MA). Both devices are single use, latex free, and 
can accommodate a variety of small bowel enter-
oscopes and some pediatric colonoscopes.   

 Two operators are usually required to perform 
the spiral enteroscopy technique given the fact 
that both the overtube and the instrument have to 
be manipulated during the procedure. The over-
tube is installed on the enteroscope using an 
interlocking device, which can switch between a 
longitudinal (advance-withdrawal) and rotational 
axis of freedom for the scope within the overtube. 
The procedure can be performed with moderate 
sedation, monitored anesthesia care (deep seda-
tion), or with general anesthesia depending on 
patient, indication, and operator variables. If gen-
eral anesthesia is used for anterograde proce-
dures, it is advisable to defl ate the endotracheal 
balloon while the spiral is advanced through the 
upper esophagus to avoid trauma. Infrequently, in 
patients with signifi cant cervical spine disease or 
cervical osteophytes, the overtube cannot be 
advanced past the upper esophagus and an alter-
native enteroscopy method has to be employed 
[ 2 ]. Once past the upper esophageal sphincter, 
the fi xed overtube–enteroscope unit is carefully 
advanced through steady rotation through the 
stomach into the duodenum, keeping in mind the 
possibility of occult strictures. Nonobstructive 
esophageal Schatzki’s rings are usually 
 inconsequential, but strictures less than 15 mm in 
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diameter should be traversed with caution. Once 
the overtube engages the pylorus and duodenum, 
the scope–overtube unit usually advances fairly 

easily with steady clockwise rotation into the 
small bowel. When the entire effective part of 
the overtube has been inserted and rotational 
advancement stops or when the operator encoun-
ters unusual rotational resistance, the unit can be 
unlocked again and the scope advanced indepen-
dently in the small bowel to the maximal point of 
insertion or until pathology is found. 

 For the retrograde approach, the overtube 
serves primarily to “splint” the endoscope (usu-
ally an enteroscope) during insertion into the 
colon and avoid looping (Fig.  8.3 ). The retro-
grade spiral overtube can rarely be engaged 
through the ileocecal valve. Instead, in a rela-
tively straight confi guration and under favorable 
valve orientation, the enteroscope itself can be 
advanced relatively easily in the ileum (Video 
 8.1 ). In a small study, the terminal ileum was 
intubated in 100 % of patients and the depth of 
insertion past the ileocecal valve was estimated 
at 100 cm (range 50–150 cm) [ 3 ]. Controlled 
visualization and endoscopic therapy take place 
during withdrawal, which is essentially the 
reverse of the process described previously (i.e., 
counter- clockwise rotation of the overtube with 
the scope either in “locked” or “free” position). 
In order to increase the traction of the overtube on 
the small bowel, only the minimum amount of gas 
(air or CO 2 ) is insuffl ated during advancement. 

  Fig. 8.1    The anterograde Spirus EndoEase Discovery SB 
overtube utilized primarily for anterograde deep enteros-
copy. The same overtube can be used for retrograde proce-
dures but only with a small bowel enteroscope. Reprinted 
with permission of Spirus Medical LLC       

  Fig. 8.2    The retrograde Spirus EndoEase Vista overtube 
is shorter and wider than its anterograde counterpart. It 
can be used with all small bowel enteroscopes as well as 
some pediatric colonoscopes with diameter <11 mm. 
Reprinted with permission of Spirus Medical LLC       

  Fig. 8.3    The retrograde Spirus Vista overtube assembled 
on a 250 cm enteroscope. Note that the distal 20 cm of the 
scope are extending outside of the overtube during inser-
tion to allow mobility of the scope and avoid excessive 
tension on the bowel wall. Some endoscopists prefer to 
have the overtube withdrawn all the way to the scope hub 

when they introduce the instrument through the rectum. 
After the scope is introduced for at least 60–70 cm, the 
colon loops are straightened and the overtube is advanced 
through the anus by gentle rotation while the colon lumen 
is kept in the fi eld of view of the scope. Reprinted with 
permission of Spirus Medical LLC       
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A more detailed description of the procedure is 
available [ 1 ].  

 Spiral enteroscopy has the same indications as 
other device-assisted enteroscopies. In addition, it 
has the advantage of being a latex-free device and 
thus it can be utilized safely in patients with known 
latex allergy. Although no defi nite contraindica-
tions have been formulated, patients with severe 
luminal strictures (including surgical anastomo-
ses, Crohn’s disease, radiation enteropathy) esoph-
ageal varices, pregnancy, or severe coagulopathy 
have been excluded from most studies [ 2 ,  4 ]. 

    Technical Success 

 The technical success rate, defi ned as the ability of 
the instrument to advance past the proximal jeju-
num in patients with normal anatomy, is approxi-
mately 95 % [ 2 ]. The most common  reasons for 
failure are luminal strictures, abnormal or unusual 
anatomy (J-shaped stomach or narrow duodenal 
sweep) and anesthesia instability [ 2 ]. The maxi-
mal depth of insertion using spiral enteroscopy 
is on average 200–250 cm post- pyloric (range 
10–600) and roughly corresponds to an area 
between the distal jejunum and proximal ileum, 
although these measurements have not been 
adequately validated [ 2 ,  5 – 7 ]. No clear predic-
tors of the depth of insertion have been identifi ed, 
although this is an important aspect of these pro-
cedures [ 8 ]. The average time to reach the maxi-
mum depth of insertion is variable, but in general 
it is shorter than either single- or double- balloon 
enteroscopy [ 4 ,  9 ,  10 ]. Akerman et al. reported an 
average insertion time of 18.7 min and total proce-
dure time of 29 min [ 5 ]. In a US multicenter trial, 
the maximal extent was reached in an average of 
22.1 ± 11.5 min and the mean total procedure time 
was 34.4 ± 10.1 min for diagnostic enteroscopies 
and 11.4 min longer (range 0–73 min) for those 
involving therapeutic interventions [ 2 ]. However, 
the depth of insertion and the rate of complete or 
panenteroscopy achieved with spiral enteroscopy 
appears to be inferior to that of double-balloon 
enteroscopy. In a small study using a combined 
anterograde and retrograde approach, pan- 
enteroscopy was accomplished in only 8 % of 

patients using spiral enteroscopy versus 92 % with 
DBE [ 4 ]. Spiral enteroscopy can be used success-
fully to access bypassed areas of the intestine in 
patients with altered anatomy such as Roux-en-Y 
anastomoses. In a small retrospective study, there 
was no difference in the diagnostic and therapeu-
tic yield of spiral enteroscopy and SBE when both 
were used as platforms to perform endoscopic 
retrograde cholangiopancreatography (ERCP) in 
patients with altered anatomy including gastric 
bypass [ 11 ]. 

 The learning curve with spiral enteroscopy 
seems to be relatively short. A selected group of 
experienced gastroenterologists was able to 
acquire the skills for spiral enteroscopy with 
fewer than ten procedures in a dedicated training 
environment [ 12 ].  

    Diagnostic and Therapeutic Yield 

 The diagnostic and therapeutic yield of spiral 
enteroscopy in patients with suspected small bowel 
disorders is similar to other device-assisted deep 
enteroscopy techniques. Signifi cant small bowel 
abnormalities are found in 33–75 % of symptom-
atic patients [ 2 ,  9 ,  10 ,  13 ]. Selecting patients via 
preliminary noninvasive studies such as capsule 
endoscopy increases the yield [ 2 ,  7 ,  9 ]. Diagnostic 
and therapeutic interventions can be performed 
in over 70 % of patients with positive fi ndings 
[ 2 ,  9 ]. One potential advantage of spiral enteros-
copy over other methods is that the endoscope can 
be withdrawn completely from the patient while 
maintaining the overtube in a stable position, thus 
allowing repetitive maneuvers such as piecemeal 
polypectomy or foreign body retrieval.  

    Comparison with Other Deep 
Enteroscopy Techniques 

 Several small studies compared the technical per-
formance and diagnostic yield of spiral enteros-
copy with double-balloon (DBE) or single-balloon 
enteroscopy (SBE) [ 4 ,  9 ,  14 ,  15 ]. The only 
 randomized trial including 26 patients found that 
the depth of insertion and the ability to perform 
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bidirectional panenteroscopy (combining oral 
and anal approaches) was signifi cantly higher 
with DBE compared to spiral enteroscopy (92 % 
versus 8 %,  p  = 0.002) but at the expense of a lon-
ger procedure time. However, the diagnostic and 
therapeutic yields were similar [ 4 ]. In contrast, a 
multicenter larger prospective cohort study found 
no difference in insertion depth, procedure dura-
tion, diagnostic and therapeutic yield between the 
two techniques. Panenteroscopy was not 
attempted in this study [ 9 ]. In a retrospective 
single- center study, the average depth of maxi-
mal insertion was found to be higher with spiral 
enteroscopy than SBE (301 cm versus 222 cm, 
 p  < 0.001) but procedure duration and diagnostic 
yield were not signifi cantly different, although 
there was a trend for longer procedure time with 
SBE [ 10 ]. A comparison of the three most popu-
lar deep enteroscopy modalities is provided in 
Table  8.1 . Overall it appears that spiral enteros-
copy is faster than either balloon-assisted proce-
dure, but the depth of insertion is less than that of 
DBE and may be superior to that of SBE.

       Complications of Spiral Enteroscopy 

 Despite its unique characteristics, spiral enteros-
copy appears to be very safe with a complication 
rate similar to other deep enteroscopy techniques 
[ 2 ,  3 ,  16 ]. Although mucosal trauma or disruption 

is not uncommon (see Table  8.2 ), perforations 
are infrequent. In the largest, single endosco-
pist experience with the anterograde procedure 
encompassing 1,750 patients, the rate of severe 
complications was 0.4 %. Of the seven patients 
with complications, 6 were perforations of 
which, interestingly, half involved the duodenum 
[ 16 ]. All perforations in this series occurred dur-
ing scope advancement and not overtube torsion. 
Intestinal perforations have also been reported in 
patients with preexistent bowel pathology such 
as radiation injury or altered anatomy [ 4 ,  17 ]. 
No cases of pancreatitis have been described in 
multiple series but hyperamylasemia is common 
[ 18 ]. Very limited data exists regarding the safety 
of retrograde enteroscopy [ 3 ,  4 ].

        On-Demand or Through the Scope 
Enteroscopy 

 A new on-demand enteroscopy device (ODE, 
NaviAid AB, Smart Medical Systems Ltd., 
Ra’anana, Israel) is the most recent addition to the 
armamentarium of the small bowel endoscopist. 
As opposed to the more established DBE, SBE, 
and spiral enteroscopy, ODE is a simpler tech-
nique, which requires a relatively modest invest-
ment in infrastructure. It is performed by using a 
balloon catheter that is advanced through the 
operative channel of an adult colonoscope 
(Fig.  8.4 ). The balloon is infl ated using a barostat 
pump, several centimeters in front of the instru-

   Table 8.1    Performance comparison of the three most 
popular deep enteroscopy techniques   

 Spiral 
enteroscopya 

 Single 
balloon 

 Double 
balloon 

 Depth of insertion  Medium  Shorter  Best 
 Procedure duration  Shortest  Medium  Longest 
 Bidirectional 
approach 

 Fair  Fair  Best 

 Ease of use    Fair  Easiest  Easy 
 Platform used  Any  Olympus  Fuji 
 Diagnostic yield  Good  Good  Good 
 Therapeutic yield  Good  Good  Good 
 Ability to remove 
the scope 

 Good  Good  Poor 

 Complication rate  Lower  Average  Average 
 Investment cost  Lowest  Medium  High 

   a Includes the need for two trained operators  

   Table 8.2    The rate of mucosal trauma with spiral 
enteroscopy   

  n =141 procedures 

 Minimal or 
no trauma 
(%) 

 Moderate 
erythema 
(%) 

 Mucosal 
disruption 

 Proximal 
esophagus 

 85  15  1.4 % 

 Distal esophagus  66  34  0 
 Lesser curve, 
stomach 

 93  6.7  0.7 % 

 Pylorus  75  25  2.1 % 
 Duodenum  80  20  0 
 Angle of Treitz  84  16  1.4 % 
 Small bowel  79  21  0 

  Adapted from ref. [ 2 ]  
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ment, and it is used to “grasp” the small bowel 
wall in advance of the scope. Once the balloon is 
infl ated in position, the scope and balloon are 
brought together through a push–pull technique, 
thus pleating the small bowel on the scope shaft. 
These steps can be repeated sequentially until the 
maximal extent of insertion is reached. Frequently 
the balloon catheter is advanced blindly in front of 
the scope as it bends around the curves in the 
small bowel outside of the depth of view. To pre-
vent trauma or perforations, the catheter is fi tted 
with a soft silicone tip, which bends easily under 
pressure. Given that the advancing platform uti-
lizes the operative channel, the balloon has to be 
removed each time a therapeutic intervention is 
performed, which can be an inconvenience. The 
procedure can be performed both anterograde and 
retrograde, but it requires an endoscope with a 
3.7 mm channel (usually only available in adult 
colonoscopes). Only limited data regarding the 
performance of ODE are available. In a small ret-
rospective single-center series, the depth of maxi-
mal insertion was 120 cm for the anterograde and 
110 cm for the retrograde approach with a mean 
procedure time of 15–20 min [ 19 ]. It is unclear if 
the insertion depth assessed with this method cor-
relates with that of other techniques. No compli-
cations were reported using this approach in a two 
small series [ 19 ,  20 ].   

    Conclusion 

 In conclusion, spiral enteroscopy is an effective 
and safe method of small bowel endoscopy with 
a technical performance comparable to that of 
DBE and SBE but with signifi cantly shorter pro-
cedure times. The major drawback of spiral 
enteroscopy in comparison to balloon-assisted 
enteroscopy is the requirement for two skilled 
operators. 

 Through-the-scope balloon enteroscopy is a 
relatively simple technique with limited depth of 
insertion in the small bowel, but is more suitable 
for on-demand enteroscopy.       
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Video Legends
Video 8.1 - Endoscopic view of the small bowel 
during antegrade spiral enteroscopy. Note the 
steady progression of the scope with minimal gas 
distention to allow a good grasp of the spiral on 
the bowel wall to facilitate advancement. Water 
can also be injected through the channel when 
more luminal distention is desired. Video used 
with permission of Spirus Medical LLC. 
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           Introduction 

 Obscure gastrointestinal bleeding (OGIB) is by 
far the most common indication for small bowel 
endoscopy, since a presumed bleeding source is 
usually attributed to the small intestine after neg-
ative esophagogastroduodenoscopy (EGD) and 
colonoscopy. In the fi rst decade after the advent 
of video capsule endoscopy (VCE) and balloon- 
assisted enteroscopy (BAE), most research stud-
ies focused on “diagnostic yield” as the outcome 
of interest, which essentially translates into the 
proportion of cases in which a probable bleeding 
source was visualized during the procedure as 
determined by the endoscopist performing that 
procedure. The inherent limitation with using 
“diagnostic yield” is the lack of any gold standard 
to validate whether in fact the presumed source of 
bleeding is in fact the true source of bleeding, and 
whether treatment of that lesion actually results 
in an improvement in the patient’s condition. 

Unfortunately, the majority of the small bowel 
endoscopy research literature is hamstrung by 
this limitation. Some investigators have attempted 
to circumvent this challenge by instead reporting 
whether a particular small bowel investigation led 
to a specifi c change in a patient’s management, 
but it is likely dubious at best to consider “change 
in management” a clinically meaningful out-
come. Recently, increasing attention has focused 
on the study of actual clinical outcomes deter-
mined by long-term follow-up after VCE, BAE 
and other small bowel imaging modalities, which 
provide a much more relevant picture of the 
impact of these investigations on patient care. It is 
these results from clinical outcomes studies in 
OGIB that are the focus of this chapter.  

    Immediate Endoscopic Results 

 Despite the limitations of much of the existing 
literature described previously, it is nonethe-
less informative to briefl y consider the extensive 
research that has examined the immediate endo-
scopic results in the diagnosis and treatment of 
OGIB with VCE and with BAE, of which the lat-
ter relates primarily to double balloon endoscopy 
(DBE). Most of these fi ndings are neatly summa-
rized by recent systematic reviews of VCE [ 1 ] and 
DBE [ 2 ] that include nearly 300 studies and more 
than 30,000 procedures. Two-thirds of VCE 
procedures have been performed to investigate 
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OGIB, resulting in a pooled diagnostic yield of 
61 % [ 1 ]. The most common fi ndings are angio-
dysplasias (50 %) (see Fig.  9.1 ), ulcers or other 
infl ammatory lesions (27 %) (Fig.  9.2 ), and small 
bowel tumors (9 %) (Fig.  9.3 ). The rate of small 
bowel retention of the capsule endoscope is 1.2 % 
among OGIB patients. Similarly, 63 % of patients 
who have undergone DBE have done so because 

of OGIB, achieving a pooled diagnostic yield of 
68 % [ 2 ]. Angiodysplasias (40 %), infl ammatory 
lesions (30 %), neoplasms (22 %), and diverticula 
(5 %) (Fig.  9.4 ) remain the most common abnor-
malities found on DBE, yet with striking differ-
ences between different regions of the world. In 
Europe, North America, and Australia, vascular 
lesions represent a clear majority of bleeding 

  Fig. 9.1    ( a  and  b ) Angiodysplasia in jejunum       

  Fig. 9.2    ( a ) Ulcer due to ileal Crohn’s disease (CD). ( b ) Ulceration due to recurrent CD in neo-terminal ileum. ( c ) 
Ulcer at ileal–ileal anastomosis post-ileal resection. ( d ) Ileal stricture due to CD       
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sources, usually in the proximal small bowel, 
whereas in Asia it is more evenly divided among 
vascular, neoplastic, and infl ammatory causes. 
However, these conclusions are limited by hetero-
geneity of the data, which include both prospec-
tive and retrospective studies, utilize inconsistent 
outcome defi nitions, and that for the most part 
make no distinction between patients with overt 
and with occult manifestations of OGIB, which 
are likely dramatically different patient popula-
tions. In terms of head-to-head comparisons, 
unfortunately there are no randomized controlled 
trials comparing VCE to BAE for the evaluation 

  Fig. 9.3    ( a ) Ileal gastrointestinal stromal tumor (GIST). ( b ) GIST in jejunum. ( c ) Metastatic melanoma. ( d ) 
Enteropathy-associated T-cell lymphoma. ( e ) Juvenile polyp       

  Fig. 9.4    Meckel’s diverticulum       
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of OGIB. However, there are three meta-analyses 
that have analyzed prospective, comparative stud-
ies looking at VCE and DBE; the fi rst two [ 3 ,  4 ] 
included all indications for small bowel endos-
copy and the most recent and largest focused spe-
cifi cally on OGIB [ 5 ]. In this latest meta-analysis 
that included 650 patients, a similar diagnostic 
yield was obtained for both VCE (62 %) and for 
DBE (56 %) ( p  = 0.16). However, VCE was per-
formed prior to DBE in most of the included stud-
ies, resulting in DBE having the benefi t of being 
guided by the VCE results, likely creating a detec-
tion bias in favor of DBE and against VCE. An 
important result from this meta-analysis was the 
observation that the diagnostic yield from DBE 
was signifi cantly higher when performed after a 
previously positive VCE (75 %) than for all DBE 
cases (56 %) ( p  = 0.02) [ 5 ]. Therefore, while the 
consensus is that VCE and DBE are complemen-
tary tests, there is a general tendency to fi rst per-
form VCE to optimize the selection of patients 
most likely to benefi t from the more invasive DBE 
procedure, and to guide the direction of DBE 
insertion (oral versus rectal) [ 6 ,  7 ]. Furthermore, 
negative VCE identifi es a group of patients who 
can likely undergo conservative management, 
since the rate of rebleeding at 1 year after nega-
tive VCE has usually been low [ 8 – 10 ].      

    Factors Predictive 
of a Positive Study  

 Given the time, cost, and potential adverse 
events related to VCE and DBE, it is important 
to understand the variables that are associated 
with an increased likelihood of a positive small 
bowel study in order to optimize the perfor-
mance of these tests (see Table  9.1 ). Patients 
presenting with overt rather than with occult 
bleeding [ 11 ,  12 ], as well as those with ongoing 
overt bleeding rather than overt bleeding that 
has stopped [ 13 ,  14 ], are more likely to have 
a positive VCE. Similar superiority has been 
observed when DBE is performed for patients 
with overt bleeding who continue to bleed com-
pared to those with inactive overt bleeding or 
occult bleeding [ 15 ]. Furthermore, there is a 

consistent pattern demonstrating increased diag-
nostic yield with earlier administration of VCE, 
speaking to the importance of the timely evalu-
ation of patients with suspected small intestinal 
bleeding. The source of bleeding is more likely 
to be identifi ed if VCE is performed within 2 
weeks [ 14 ], within 1 week [ 16 ] and even more 
so within 48 h of the bleeding presentation, with 
the latter group having a particularly high diag-
nostic yield of 75 % [ 17 ]. In a study that exam-
ined patients admitted to hospital with an overt 
OGIB, those who underwent VCE within 3 days 
of admission had signifi cantly higher diagnostic 
yields (44 % versus 28 %), increased rates of 
subsequent therapeutic intervention (19 % ver-
sus 7 %) and shorter lengths of hospital stay (6 
versus 10 days) than those who had VCE beyond 
day 3 of hospitalization [ 18 ]. Furthermore, the 
patients who underwent delayed VCE in hospi-
tal had no better diagnostic or therapeutic rates 
compared to patients evaluated in an outpatient 
setting, suggesting that the benefi t of inpatient 
workup for OGIB is lost if the necessary small 
bowel tests are not performed as soon as pos-
sible. All of this speaks to the importance of 
having OGIB protocols in place that enable 
referring physicians to have patients access ter-
tiary centers performing small bowel endoscopy 
in a rapid fashion.

    Table 9.1    Factors predictive of a positive small bowel 
study   

 Initial small bowel study for 
OGIB 

 Repeat study performed 
for recurrent bleeding 

 • Active overt > inactive 
overt bleeding 

 • Previously positive 
BAE 

 • Overt > occult presentation  • Decline in hemoglobin 
>4 g/dL 

 • Short interval from 
bleeding episode to 
investigation 

 • Change in presentation 
from occult to overt 
bleeding 

 • Severe anemia/increased 
blood transfusion 
requirements 

 • Multiple bleeding 
episodes 

 • Anterograde > retrograde 
BAE insertion 

 • Iron defi ciency anemia 
with hemoglobin 
decrease to <10 g/dL 

   BAE  balloon-assisted enteroscopy  
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   In addition to the timing of the investigations, 
there are a number of clinical factors that predict 
the likelihood of a positive result on VCE or 
DBE, including more severe anemia [ 19 – 21 ], 
increased transfusion requirements [ 19 ,  22 ,  23 ], 
multiple bleeding episodes [ 24 ], and increased 
number of previous endoscopies [ 23 ], as well as 
some confl icting data regarding associated medi-
cal conditions such as chronic kidney disease 
[ 25 ]. From a purely technical perspective, the 
diagnostic and therapeutic yield of BAE is supe-
rior when performed via the anterograde rather 
than the retrograde approach, especially when 
done without the benefi t of a previously abnor-
mal VCE or computed tomography (CT) scan 
[ 26 ]. However, this study was performed in the 
USA, and its fi nding of a preponderance of proxi-
mal bleeding sources may not necessarily hold 
true in centers elsewhere in the world such as 
Asia where the distribution of small bowel 
pathology tends to be different. Lastly, it does not 
seem to matter whether BAE is performed in the 
morning or in the afternoon as the diagnostic and 
therapeutic rates do not differ [ 27 ].  

    Clinical Outcomes with Long-Term 
Follow-Up 

 Most of the small bowel endoscopy literature 
consists of studies looking at the diagnostic and/
or therapeutic yields of VCE or BAE, with rela-
tively little research defi ned by outcomes that 
are truly relevant to patient care such as bleeding 
cessation, rates of rebleeding, time to rebleeding, 
improvements in hemoglobin levels and trans-
fusion requirements. Recently, there has been 
increasing attention paid to these types of clinical 
outcome studies with long-term follow-up. 

    VCE 

 As a purely diagnostic test, VCE cannot alter 
clinical outcomes but can at best localize bleed-
ing lesions to direct subsequent treatments or can 
demonstrate the absence of signifi cant pathology 
that could pose a risk for ongoing or future bleed-

ing. This is perhaps best illustrated by studies 
reporting outcomes with VCE prior to the local 
availability of BAE. In a retrospective, single- 
center study of a prospectively maintained data-
base of 95 patients in Seoul, South Korea who 
underwent VCE between 2003 and 2010 for 
predominantly overt OGIB, signifi cant bleed-
ing lesions were identifi ed in 40 % of patients 
[ 28 ]. After a median follow-up of 24 months, 
the rebleeding rate in patients who had a posi-
tive VCE (37 %) was higher than in patients with 
a negative VCE (23 %), with a median time-to- 
rebleeding of 10 months. However, only four 
patients with a positive VCE underwent BAE 
due to the delayed introduction of BAE at this 
center, demonstrating the lack of benefi t of fi nd-
ing a bleeding source on VCE if nothing is done 
to address the lesion. This mirrors the fi ndings 
of other smaller studies that showed that without 
specifi c treatments to suspected bleeding sites, 
rates of rebleeding after long-term follow-up 
are the same in patients with positive and with 
negative VCE, but do decrease if therapeutic 
interventions are performed [ 29 ,  30 ]. In a single 
center study from Barcelona of 105 patients who 
underwent VCE for both occult and overt OGIB 
and who were followed for slightly less than 1 
year, rebleeding occurred in 31 % of patients at a 
median of 157 days [ 31 ]. However, once again the 
rate of rebleeding was lower in patients who had 
received lesion-directed treatment compared to 
nonspecifi c treatment (21 % versus 36 %, respec-
tively). In contrast, a large retrospective analysis 
of 696 patients who underwent VCE for OGIB at 
a single center in Rome, Italy between 2002 and 
2011 demonstrated substantially lower rebleeding 
rates in patients with negative VCE studies [ 32 ]. 
After a median follow-up of 24 months, the rate 
of rebleeding was 16 % after negative VCE com-
pared to 45 % after positive VCE ( p  = 0.00001), 
with the majority of  rebleeding episodes occur-
ring within the fi rst year. However, it is unclear 
from this study how the patients with abnormal 
VCE were treated, and in particular, whether 
they underwent lesion- directed therapy by BAE 
or other means following their VCE. Two trends 
seem to emerge from these VCE studies assess-
ing recurrence of bleeding over time:
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    1.    Signifi cant lesions identifi ed on VCE require 
subsequent targeted treatment by other modal-
ities in order for the performance of VCE to 
confer clinical benefi t.   

   2.    The negative predictive value for rebleeding 
of a normal VCE study is not as robust as was 
previously thought, since these more recent 
studies reveal rebleeding rates after negative 
VCE of 16–35 % [ 28 – 32 ], much higher than 
earlier studies that suggested rebleeding rates 
of only 5–11 % after negative VCE [ 8 – 10 ].    
  In fact, a large, multicenter study of 305 

patients who underwent VCE for overt OGIB at 
13 hospitals in South Korea from 2006 to 2009 
found no decline in rebleeding rates after positive 
VCE [ 33 ]. Despite a diagnostic yield of 52 % in 
this study, only 12 % of patients received inter-
ventional therapies, perhaps due to the low preva-
lence of angiodysplasia (only found in 10 %) and 
relatively high rates of ulcerative lesions (26 %) 
in this population sample. Perhaps as a result, the 
overall rebleeding rate of 19 % at a mean follow-
 up of 39 months did not differ based on the pres-
ence of fi ndings on VCE or on having received a 
therapeutic intervention. The signifi cant predic-
tors of rebleeding were angiodysplasia seen on 
VCE, duration of bleeding >3 months, and an 
inability to discontinue antiplatelet or anticoagu-
lation drugs in the subgroup who had been taking 
these medications at the time of their initial 
bleeding presentation [ 33 ]. Therefore, it appears 
that fi nding a presumed bleeding source on VCE 
had little impact on long-term outcome in the 
Korean OGIB experience. In fact, a retrospective 
analysis of 125 patients who received VCE for 
OGIB at the Asan Medical Center in Seoul, South 
Korea between 2007 and 2009 showed that after 
36-month follow-up, positive VCE leading to a 
specifi c treatment resulted in only marginally 
lower rebleeding rates compared to negative VCE 
without subsequent therapy (21 % versus 27 % 
respectively,  p  = 0.50) [ 34 ]. 

 Similar challenges are highlighted by the out-
comes from studies focusing on VCE performed 
solely for the investigation of iron defi ciency ane-
mia. A retrospective review of all VCEs per-
formed for unexplained iron defi ciency anemia at 
a single center in Ireland from 2009 to 2011 

found a diagnostic yield of 71 %, with 53 % of 
patients having a source found within the small 
bowel and 18 % within the upper GI tract or right 
colon [ 35 ]. At a mean follow-up of 9 months, 
42 % of patients had persistent anemia, split 
evenly between patients who had positive and 
negative VCE, meaning that a patient was no 
more likely to have resolution of anemia after 
having positive VCE fi ndings compared to hav-
ing a normal VCE. Furthermore, even among the 
patients in whom a positive VCE led to a specifi c 
change in treatment, the majority (61 %) 
remained anemic at follow-up. Despite this limi-
tation, considerable clinical value may be 
achieved by performing VCE even if it does not 
lead to long-term resolution of the anemia, since 
an important additional goal of small bowel 
investigations is to exclude the presence of worri-
some pathology. This may be particularly true in 
younger patients. A study from the UK looked at 
the presence of “sinister pathology,” defi ned as 
small bowel malignancy, signifi cant Crohn’s dis-
ease infl ammation, strictures, or Celiac disease, 
which was found on VCE performed for the 
investigation of iron defi ciency anemia, and strat-
ifi ed the fi ndings by age group [ 36 ]. They found 
that the prevalence of “sinister pathology” was 
25 % in patients ≤40 years-old, but was only 
7.5 % in patients >age 40, and that there was a 
general trend toward an increasing frequency of 
angioectasias and decreasing incidence of sinis-
ter pathology with increasing age. Therefore, 
even if the clinical outcome studies with VCE 
demonstrate that it is challenging to achieve 
long-term resolution of OGIB, particularly for 
vascular lesions, VCE is still valuable to identify 
or to exclude so-called sinister pathology, espe-
cially in younger patients. 

 If patients are no more likely to stop bleeding 
after receiving specifi c treatment for a culprit 
lesion identifi ed on VCE than if no potential bleed-
ing source is found, a cynical argument could be 
made for questioning the value of performing 
VCE at all for OGIB. However, such an interpreta-
tion would be a misread of the literature that we 
have just discussed. These studies are all retro-
spective analyses of prospective cohorts, but in no 
case were patients randomized to receive endo-
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scopic/surgical treatments or not. In fact, there are 
substantial selection biases inherent in the retro-
spective nature of these studies that infl uence the 
apparent outcomes. It can almost certainly be 
assumed that patients with the most concerning 
lesions seen on VCE were the ones most likely to 
undergo therapeutic interventions. Therefore, it is 
a probable assumption that were these patients to 
have not received specifi c treatments, their 
rebleeding rates would have been much higher 
than that in patients with negative VCE. Indeed, 
such a pattern was observed in several of the previ-
ously discussed studies [ 28 ,  30 ]. What merits fur-
ther examination is the fact that the rate of 
rebleeding after negative VCE remains so high, 
and why the rate of rebleeding after treatment of a 
likely bleeding lesion remains even higher, even 
though it may be considerably lower than what it 
might otherwise have been if it were never treated. 
To further examine these issues, we will turn our 
attention to clinical outcome studies with BAE.  

    BAE 

 As with most areas in the BAE literature, nearly 
all of the outcomes studies for OGIB relate to 
DBE. One of the fi rst studies that looked at 
long- term follow-up after DBE was a telephone 
survey administered at Stanford and the 
University of Chicago [ 37 ]. At 12 months fol-
low-up, 23 % of patients reported recurrent 
overt bleeding while 35 % required blood trans-
fusions or iron therapy, and by 30 months 24 % 
of patients had overt bleeding and 18 % still 
needed transfusions or iron. This suggests that 
over half of patients experience rebleeding, with 
the majority occurring within the fi rst year after 
the index DBE. In addition, patients with vascu-
lar lesions found on DBE were most likely to 
have ongoing overt or occult bleeding diffi cul-
ties. However, only one- third of patients in the 
study population participated in follow-up, 
likely resulting in substantial selection and other 
biases that may have unduly infl uenced the 
apparent results. A stronger study is a retrospec-
tive analysis by Shinozaki et al. of 151 patients 
who underwent DBE for predominantly inactive 

overt OGIB in Japan [ 38 ]. The outcome of inter-
est used in this study was “control of bleeding,” 
which was defi ned as the absence of overt bleed-
ing, blood transfusions or iron therapy, and 
hemoglobin less than 10.0 g/dL. Overall, 63 % 
of patients had control of bleeding at a mean 
follow-up of 30 months. However, this result 
hides the large discrepancy in outcomes for 
patients with vascular small bowel lesions com-
pared to patients with other, nonvascular sources 
of bleeding. Among patients with vascular 
lesions, 40 % had a recurrent overt bleed within 
1 year of their DBE and only 40 % achieved 
“control of bleeding” at long-term follow- up. In 
contrast, 84 % of patients with tumors or polyps 
and 65 % with ulcers or erosions achieved long-
term control of bleeding. The signifi cant predic-
tors of failure to achieve “control of bleeding” 
among the vascular subgroup were the presence 
of multiple versus single lesions, increased 
blood transfusion requirements prior to DBE, 
and the fi nding of “suspicious” rather than “def-
inite” lesions on endoscopy, perhaps due to the 
increased probability that the identifi ed lesion 
was not the true bleeding source [ 38 ]. Further 
evidence supporting the observation that vascu-
lar lesions in the small bowel are the most diffi -
cult to treat with long-term success was provided 
by a retrospective study of 147 consecutive 
patients who underwent single balloon endos-
copy (SBE) for OGIB at Washington University 
from 2008 to 2010 [ 39 ]. More than 90 % of 
patients had small bowel pathology identifi ed 
on VCE prior to undergoing enteroscopy, result-
ing in a diagnostic yield of 65 % on SBE, with 
83 % of positive fi ndings being vascular lesions 
(angioectasias and Dieulafoy lesions). Mean 
follow-up of 24 months was achieved for 110 
patients (37 lost to follow- up), split evenly 
between those with overt and occult OGIB pre-
sentations. Recurrent bleeding was defi ned as 
overt bleeding signs; hospitalization for GI 
bleeding; any endoscopic, surgical or radiologic 
intervention for bleeding; or need for blood 
transfusion or iron therapy. The overall rebleeding 
rate was 45 %, with greater success among 
patients with positive fi ndings on SBE (41 % 
rebleeding) compared to patients who had a 
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normal SBE (56 % rebleeding). Interestingly, 
the rate of rebleeding among patients found to 
have vascular lesions on SBE did not signifi -
cantly differ from that among patients without a 
bleeding source identifi ed (48 % versus 56 %; 
 p  = 0.47), leading the authors to speculate that 
most patients with OGIB who have no bleeding 
source found on BAE likely have vascular 
lesions that have gone undetected. Strikingly, 
there was no rebleeding in the small group of 
patients found to have nonvascular bleeding 
sources. What is clear from these few clinical 
outcomes studies following BAE is that while a 
signifi cant proportion of patients achieve long-
term success, a considerable number have ongoing 
or recurrent bleeding problems, particularly those 
found to have vascular lesions in the small bowel. 

 Recognizing the challenge of achieving dura-
ble long-term success when treating small bowel 
vascular lesions, several studies have now spe-
cifi cally focused on clinical outcomes with OGIB 
patients in this category. The fi rst was published 
by May et al. from Germany who reported long- 
term follow-up of 50 patients who received argon 
plasma coagulation (APC) to treat small bowel 
vascular lesions while undergoing DBE for pre-
dominantly overt OGIB [ 40 ]. Rebleeding was 
defi ned as overt melena or hematochezia or as an 
occult drop in hemoglobin >1.0 g/dL, and 
occurred in 46 % of patients after a long clinical 
follow-up period of 55 months. Despite the high 
rate of rebleeding in nearly half of patients, treat-
ment with APC (see Video  9.1 ) made a positive 
impact on clinical outcomes by signifi cantly 
improving hemoglobin levels and reducing blood 
transfusion requirements. The mean hemoglobin 
level improved from 7.6 g/dL prior to DBE to 
11.0 g/dL at follow-up, while 60 % of patients 
were transfused a median of 9 units of blood 
prior to DBE and only 16 % were transfused a 
median of 2 units afterwards. A similar rebleed-
ing rate was seen in a retrospective follow-up 
study from France that included 98 patients who 
received successful endoscopic therapy to vascu-
lar lesions in the small bowel while undergoing 
DBE for overt and occult OGIB [ 41 ]. At 3 years’ 
follow-up, 46 % of patients experienced recur-
rent overt bleeding or iron defi ciency anemia 

with need for blood transfusions or iron therapy, 
with the majority found to be bleeding from the 
same type of vascular lesions within the same 
segment of the small bowel as seen on the index 
DBE. The signifi cant predictors of rebleeding on 
multivariate regression were the total number of 
vascular lesions ( p  = 0.001) and the presence of 
valvular or arrhythmic heart disease ( p  = 0.007). 
An interesting, multicenter prospective follow-up 
study has recently been published, again from 
France, that included 183 patients with both overt 
and occult OGIB who were found to have angio-
dysplasia on VCE and subsequently went on to 
receive endoscopic therapy during DBE [ 42 ]. 
The lesions seen on VCE were classifi ed accord-
ing to the system previously proposed by Saurin 
et al. [ 43 ]: P0 = no bleeding potential; P1 = uncer-
tain bleeding potential (e.g., mucosal red spots); 
P2 = high bleeding potential (e.g., classic angio-
dysplasia); P3 = actively bleeding lesion (see 
Table  9.2 ). The authors then defi ned P1 lesions as 
having a low likelihood of bleeding, and P2 and 
P3 lesions as having a high likelihood of bleeding 
[ 42 ]. Rebleeding was defi ned as overt bleeding 
signs, need for blood transfusion, or decline in 
hemoglobin >2 g/dL after excluding other poten-
tial causes. At 1-year follow-up, 35 % of patients 
had experienced rebleeding, with cardiac disease 
(hazard ratio 2.04;  p  < 0.01) and an overt bleeding 
presentation (hazard ratio 1.78;  p  = 0.03) predic-
tive of rebleeding risk on multivariate regression. 
Perhaps the most unique fi nding from this study 
was the analysis demonstrating that patients who 
received endoscopic therapy during DBE to P1 
lesions considered low likelihood for bleeding 
when seen on VCE had signifi cantly increased 

    Table 9.2    Classifi cation of small bowel vascular lesions   

 Saurin et al. [ 43 ] classifi cation 
for capsule endoscopy 

 Yano–Yamamoto DBE 
classifi cation [ 54 ] 

  P0 : no bleeding potential 
  P1 :  uncertain bleeding 

potential (e.g., mucosal 
red spots) 

  P2 :  high bleeding potential 
(e.g., classic 
angiodysplasia) 

  Type 1 : angiodysplasias 
    1a :  punctate erythema 

<1 mm 
    1b :  patchy erythema 

>2 mm 
  Type 2 : Dieulafoy lesions 
  Type 3 : arteriovenous 
malformations 

  P3 : actively bleeding lesion 
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rates of rebleeding compared to patients with 
high likelihood lesions (P2 and P3) treated during 
DBE (hazard ratio 1.87), with a longer time-to- 
rebleeding among the patients with high likeli-
hood lesions. What this shows is that minor 
abnormalities identifi ed on VCE are unlikely to 
represent the true bleeding source and therefore, 
the expected benefi t of treating such lesions via 
DBE is likely to be limited. A limitation with this 
study is that the mean wait time from VCE to 
DBE was over 4 months. Since we know that the 
sooner that VCE or DBE is performed after a 
bleeding episode the greater the likelihood of 
fi nding signifi cant bleeding lesions, and since 
this current study tells us that the benefi t of endo-
scopic therapy during DBE is most realized when 
applied to higher risk lesions, any delay between 
bleeding presentation, localization of high likeli-
hood bleeding lesion on VCE, and treatment of 
that lesion during DBE may be detrimental to 
clinical outcome.

        Repeat Investigations 
for Recurrent OGIB 

 The fi rst step when patients have recurrent 
bleeding episodes after already undergoing thor-
ough small bowel workup is often to repeat EGD 
and/or colonoscopy, particularly due to the fact 
that studies of small bowel endoscopy for OGIB 
have found that as many as one-fourth of bleed-
ing sites are within reach of conventional endo-
scopes, including lesions such as GAVE, gastric 
and duodenal ulcers, Dieulafoy’s, and colonic 
angioectasias [ 44 – 46 ]. A recent study from the 
Netherlands that examined VCE performed for 
the investigation of OGIB found that 28 % of 
bleeding sources were within reach of EGD or 
colonoscopy, with over half of these being vas-
cular lesions [ 47 ]. The substantial prevalence of 
“missed” pathology found within areas reach-
able by conventional endoscopes demonstrates 
the potential importance of repeating these tests, 
but should not necessarily be interpreted as 
meaning that the initial endoscopist was at fault 
for “missing” the lesions. By their very nature, 
vascular lesions such as Dieulafoy’s tend to 

come and go and often their detection have as 
much to do with fortuitous  timing than with any 
skill or the completeness of the endoscopic 
examination. However, once repeat EGD and/or 
colonoscopy have confi rmed that the likely 
source of recurrent bleeding is indeed the small 
bowel, repeat small bowel endoscopy should be 
considered depending on the nature of the bleed-
ing and the results of previous small bowel 
investigations (see Table  9.1 ). There is evidence 
supporting the strategy to repeat VCE in this 
context despite a previously normal small bowel 
evaluation, particularly if the presentation 
changes from occult to overt bleeding and/or if 
there is a signifi cant decline in hemoglobin >4 g/
dL, or if iron defi ciency anemia becomes severe 
enough that the hemoglobin falls below 10 g/dL 
[ 48 ,  49 ]. If the VCE is negative then there may 
be a role for performing CT enterography (CTE), 
which may identify bleeding sources not seen on 
VCE, particularly small bowel mass lesions that 
are better detected by radiologic imaging. In a 
comparative study in which 58 patients with 
both overt and occult OGIB underwent both 
VCE and CTE, VCE detected only one-third of 
the mass lesions seen on CTE [ 50 ]. A separate 
study administered CTE for the investigation of 
OGIB after patients had a VCE that was not 
defi nitively diagnostic [ 51 ]. In this cohort, 28 % 
of patients with a non-diagnostic VCE had a 
bleeding source confi rmed by CTE. However, 
aside from fi nding small bowel tumors that 
result in surgical resection, it is unclear whether 
the identifi cation of additional pathology such as 
vascular lesions by CTE that were missed by 
VCE actually results in any change in clinical 
outcome. This question has yet to be studied. 

 In contrast, repeating DBE after recurrent 
OGIB seems to be most useful among patients in 
whom prior DBE had identifi ed a bleeding 
source. A single center retrospective study from 
Los Angeles examined the endoscopic fi ndings 
of repeat DBE for recurrent OGIB that were per-
formed at a median of 30 weeks after an index 
DBE. A bleeding source was found on repeat 
DBE in 81 % of patients who had a positive ini-
tial DBE and in none of the patients who had a 
negative initial DBE ( p  < 0.001), with bleeding 
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lesions almost entirely comprised of angiodys-
plasias [ 52 ]. Therefore, proceeding directly to 
DBE in patients with recurrent OGIB after a pre-
viously positive DBE may be a reasonable 
approach. Furthermore, a recent study from 
Japan illustrates the clinical benefi t of repeating 
DBE to provide additional endoscopic therapy to 
small bowel vascular lesions in patients with 
recurrent bleeding [ 53 ]. Patients with overt OGIB 
who had received endoscopic therapy to small 
bowel vascular lesions during DBE performed 
between 2000 and 2010 were selected for long- 
term follow-up. After excluding 9 patients who 
died from other causes and 6 patients who were 
lost to follow-up, 43 patients remained for analy-
sis. The rate of recurrent overt bleeding over a 
mean follow-up of 4.9 years was 37 %. The sig-
nifi cant predictors of recurrent overt bleeding 
were the presence of multiple rather than single 
vascular lesions (52 % versus 20 %;  p  = 0.017) 
and the type of vascular lesions identifi ed on the 
initial DBE. The latter is an interesting fi nding 
because this is the fi rst study to show that the type 
of small bowel vascular lesion, defi ned according 
to the Yano–Yamamoto classifi cation (see 
Table  9.2 ) [ 54 ], predicts risk of subsequent 
rebleeding. According to this classifi cation, 
angioectasias are considered type 1 lesions, 
Dieulafoy lesions are type 2, and arteriovenous 
malformations are type 3. Type 1 lesions are fur-
ther subdivided into type 1a that consist of punc-
tate erythema <1 mm with or without oozing, and 
type 1b that are patchy erythema that may be up 
to several mm in size. The rates of rebleeding in 
this study were 50 % for type 1a lesions, 26 % for 
type 1b lesions, 29 % for type 2 lesions, and 
100 % for type 3 lesions (only one patient had a 
type 3 lesion) [ 53 ]. The authors concluded that 
patients with type 1a lesions treated during their 
initial DBE may be at increased risk of subse-
quent rebleeding. However, when these patients 
with type 1a lesions underwent repeat DBE for 
recurrent overt OGIB, nearly all of them were 
found to have either type 1b or type 2 lesions that 
were subsequently treated endoscopically. Given 
the high rate of rebleeding among patients with 
type 1a lesions and the tendency to fi nd more 
 signifi cant lesions on repeat DBE, a reasonable 

conclusion is that type 1a lesions, which essen-
tially consist of tiny red spots that are often seen 
throughout the small bowel when performing 
VCE and DBE, are not true bleeding sources and 
that in those cases it is more likely that the real 
culprit lesion was not found during the initial 
small bowel workup. This fi nding provides fur-
ther strength to the argument that OGIB patients 
found only to have low likelihood bleeding 
lesions on VCE are unlikely to derive much ben-
efi t from endoscopic therapy to those lesions via 
DBE. However, what this study also shows is that 
repeating DBE to perform additional endoscopic 
therapy in patients with recurrent overt bleeding, 
even if the initial DBE only identifi ed rather triv-
ial vascular lesions, can be expected to improve 
the long-term clinical outcome [ 53 ]. When the 
patients who underwent repeat DBE after every 
episode of overt bleeding are compared to those 
who did not undergo repeat DBE, the incidence 
of rebleeding beyond the fi rst year of follow-up 
decreased signifi cantly from 0.5 bleeding 
 episodes/patient/year to 0.1 episodes/patient/year 
( p  = 0.006), suggesting that a therapeutic gain is 
achieved by continuing to perform endoscopic 
therapy to small bowel vascular lesions when 
patients have recurrent OGIB. Whether such 
patients who initially had vascular lesions with 
low likelihood for bleeding should proceed 
immediately to BAE or whether they should fi rst 
undergo repeat VCE to fi nd the true bleeding 
source, or whether they should simply be clini-
cally followed until having a recurrent bleeding 
episode, is a question that remains unanswered 
and requires further study.  

    Conclusion 

 The fi eld of small bowel endoscopy has advanced 
rapidly over the past decade such that VCE and 
BAE are now well-established components of 
most tertiary referral centers around the world. 
Despite the fact that OGIB is the primary indica-
tion for these procedures, clinically meaningful 
outcome studies with long-term follow-up have 
only begun to emerge in the past few years. This 
means that we are only beginning to develop a 
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realistic understanding of the impact that VCE 
and BAE actually have on the clinical course of 
patients. This chapter has attempted to summa-
rize the most relevant literature regarding the out-
comes of small bowel endoscopy performed for 
OGIB. It is now increasingly apparent that the 
risk of recurrent bleeding is substantially greater 
for small bowel vascular lesions compared to 
masses or infl ammatory lesions. It is also evident 
that patients who develop OGIB due to vascular 
lesions in the small bowel may not be “cured” by 
endoscopic treatment via DBE. In fact, multiple 
DBE procedures may be necessary to achieve the 
best long-term outcome when patients experi-
ence rebleeding, which at the very least can 
improve hemoglobin levels and reduce transfu-
sion requirements if not complete resolution of 
the bleeding tendency. 

 An unexpected fi nding that has emerged from 
the recent literature is the high rates of rebleeding 
after negative VCE. In the early years of small 
bowel endoscopy it appeared that a normal VCE 
provided real reassurance against future risk of 
bleeding. The more recent data with longer fol-
low- up now indicate that rebleeding rates in 
patients with negative VCE may be as high as in 
patients with positive VCE, suggesting that a nor-
mal VCE in patients with OGIB has simply been 
unable to identify the real bleeding source. How 
to best utilize these technologies to optimize 
long-term clinical outcomes will need to remain 
the focus of intensive research efforts in the 
decade to come, hopefully allowing us to eventu-
ally determine the best strategy to manage OGIB 
patients.       
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Video Legends
Video 9.1 - Angiodysplasia treated with argon 
plasma coagulation during DBE.
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           Introduction 

 The term idiopathic infl ammatory bowel disease 
(IBD) encompasses infl ammatory conditions of 
the gastrointestinal (GI) tract of undetermined 
etiology, which are characterized by their chro-
nicity and a tendency to induce signifi cant mor-
bidity through multiple relapses of disease 
activity [ 1 ]. IBD is mainly classifi ed into two 
major conditions: ulcerative colitis (UC) and 
Crohn’s disease (CD). UC is hallmarked by vary-
ing degrees of infl ammation mainly confi ned to 
the colonic mucosa while CD is a more heteroge-
neous chronic infl ammatory disorder, which may 
induce transmural infl ammation of any part of the 
GI tract [ 2 ,  3 ]. CD often manifests itself with dis-
tal small bowel (SB) involvement with or with-

out colonic involvement and its transmural nature 
may induce stricturing and bowel wall penetra-
tion [ 2 ,  3 ]. There is no gold standard test for IBD 
and the diagnosis is usually made by a thorough 
corroboration of clinical features and hemato-
logical, biochemical, endoscopic, radiological 
and histopathological fi ndings [ 2 ,  3 ]. In about 
5–15 % of patients with colonic IBD, classifi ca-
tion of the disease remains a challenge despite 
investigation fi ndings and in these cases the con-
dition remains unclassifi ed (IBDU) [ 2 ,  4 ,  5 ]. 

 The SB has a propensity for involvement with 
CD in up to 66 % of patients at diagnosis [ 6 ]; as 
such, patients with suspected or established CD 
and IBDU usually require assessment of the SB 
for the presence of infl ammatory lesions (Videos 
 10.1 ,  10.2 , and  10.3 ). In patients with UC, assess-
ment of the SB is warranted if suspicion of a 
potential diagnosis of CD is raised [ 2 ]. The 
remarkable progress in SB imaging technology 
established over the last decade has greatly facili-
tated accurate assessment of the nature and extent 
of SB disease in such patients. 

 Endoscopic advances in the form of capsule 
endoscopy (SBCE) and device-assisted enteros-
copy (DAE) have revolutionized the assessment 
of the SB mucosa [ 2 ,  7 – 11 ]. These two types of 
endoscopic technologies have now been estab-
lished to be complementary to each other with 
SBCE (the less invasive and more patient-friendly 
of the two), often used as a “scout” for pathology, 
which may potentially require further character-
ization and biopsy/endotherapy by DAE [ 2 ,  12 ]. 
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 These innovations in SB endoscopy have also 
been paralleled by a similarly impressive evolution 
in diagnostic imaging technologies. Dedicated SB 
radiological investigation in the form of computed 
tomographic and magnetic resonance enterogra-
phy/enteroclysis (CTE and MRE respectively) 
now also allows a complementary, thorough 
assessment and staging of SB disease activity and 
extra-luminal complications in patients with sus-
pected or established CD [ 2 ,  12 – 16 ].  

    Small Bowel Capsule Endoscopy 
(SBCE) 

 SBCE allows patient-friendly, non-invasive, 
wireless ambulatory endoscopic assessment of 
the SB mucosa [ 2 ,  9 ,  12 ], which has been shown 
to have a high sensitivity (96–100 %) for mucosal 
lesions compatible with the presence of active SB 
CD [ 2 ,  12 ,  17 – 21 ]. The lack of a gold standard 
for the diagnosis of CD, however, has required 
the use of surrogates and adoption of “diagnostic 
yield” in clinical studies evaluating this parame-
ter [ 2 ,  12 ,  15 ,  16 ,  21 – 25 ]. Moreover, mucosal 
lesions that may be caused by active SB CD 
are not specifi c to this condition and may have 

alternative underlying etiologies, which include 
pharmacological agent use (non-steroidal anti-
infl ammatory drugs [NSAIDs] in particular), 
infections, vasculitides, and neoplastic disease 
[ 25 – 28 ]; these SBCE fi ndings should therefore 
be interpreted within the clinical context in cor-
roboration with fi ndings of other complementary 
investigations (Fig.  10.1 ).  

 Capsule retention (CR)—defi ned as an SB cap-
sule remaining within the GI tract for at least 
2 weeks or requiring urgent medical, endoscopic 
or surgical intervention for retrieval [ 29 ]—is the 
main potential complication of SBCE. Given the 
propensity for SB stricture formation in CD, pre-
cautionary measures to avoid CR require particu-
lar attention in this setting. Although for suspected 
CD the CR rate is low (of the order of 1.6 % and 
comparable with other indications for SBCE), the 
rate of CR in patients with known CD has been 
reported to be as high as 13 % [ 30 – 33 ]. This high-
lights the critical requirement for  clinicians to 
actively attempt to exclude the presence of stric-
turing disease by direct questioning for abdominal 
pain and other obstructive symptoms and appro-
priate use of the PillCam™ patency capsule (PC) 
(Given Imaging, Israel) and “pre- test” cross-sec-
tional imaging where SBCE is indicated [ 34 – 36 ]. 

  Fig. 10.1    CD SB lesions of varying degrees of severity, 
SBCE views. These appearances are not specifi c to CD 
and may be induced by other etiologies (including other 
infl ammatory conditions and the use of pharmacological 

agents; e.g., NSAIDs). Images: Prof. O. Epstein, Ms. 
H. Palmer, Dr. M. I. Hamilton and Dr. E. J. Despott, Royal 
Free Unit for Endoscopy, Royal Free London NHS 
Foundation Trust       
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    Comparisons of SBCE with Dedicated 
SB Radiological Imaging 

 A meta-analysis by Dionisio et al. compared the 
diagnostic yield (DY) of SBCE and other diag-
nostic imaging modalities (including SB follow- 
through [SBFT], CTE, and MRE) in patients 
with suspected or known CD [ 22 ]. This showed a 
signifi cant incremental yield (IY) for SBCE as 
compared with SBFT and CTE in the setting of 
suspected CD (SBCE versus SBFT IY = 32 %, 
 P  < 0.0001 and SBCE versus CTE: IY = 47 %, 
 P  < 0.00001). While this meta-analysis has shown 
a similar performance for SBCE and MRE, a pro-
spective study by Jensen et al. in 93 patients with 
suspected or known CD comparing SBCE, CTE, 
and MRE (using ileo-colonoscopy [IC] as the 
gold standard) showed that SBCE may be more 
sensitive than MRE for the detection of subtle 
mucosal lesions and proximal SB pathology [ 37 ]. 
CTE and MRE have been shown to have similar 
sensitivities and although MRE provides a safer 
option for patients by the avoidance of ionizing 
radiation, this technology is more expensive and 
less widely available [ 38 ,  39 ]. 

 A previous prospective, randomized 4-way 
comparison of SBCE, CTE, SB follow-through 
(SBFT) and IC by Solem et al. [ 16 ] performed in 
patients with suspected (or known) CD (using 
consensus criteria as the reference standard) 
showed similar sensitivities (83 % for SBCE, 
67 % for CTE and IC, and 50 % for SBFT) but 
lower specifi city for SBCE as compared with the 
other tests (100 %,  P  < 0.05). These results under-
line the importance of interpretation of SBCE 
fi ndings within the appropriate clinical context 
[ 16 ]. Pre-test patient selection by the use of objec-
tive parameters (including clinical manifestations 
and serological infl ammatory markers), as recom-
mended by the International Conference on 
Capsule Endoscopy (ICCE) [ 40 ] and fecal calpro-
tectin may enhance the specifi city and positive 
predictive value of SBCE fi ndings [ 41 – 48 ]. Given 
that NSAIDs may induce similar SB mucosal 
lesions to those seen in the presence of active CD, 
thorough exclusion of recent use of these agents 
should also be actively sought while investigating 
patients with SBCE in this setting [ 28 ,  49 ,  50 ].  

    Comparisons of SBCE with Flexible 
Endoscopy 

 In their meta-analysis, Dionisio et al. showed that 
when compared with push enteroscopy (PE), 
SBCE had an overall weighted incremental yield 
(IYw) of 42 % and within the same comparison, 
for the sub-groups of patients with suspected and 
known CD SBCE had an IYw of 18 % and 57 % 
respectively [ 22 ]. This meta-analysis also showed 
that SBCE had an overall IYw of 39 % when 
compared with ileo-colonoscopy (IC). Sub-group 
analysis of patients with suspected and known 
CD for the latter comparison showed a SBCE 
IYw of 22 % and 13 % respectively [ 22 ]. In their 
4-way comparative study, using clinical consen-
sus as the gold standard, Solem et al. showed 
similar sensitivities for IC and SBCE but higher 
specifi cities for IC [ 16 ]. Two additional studies 
[ 51 ,  52 ] compared these two modalities for the 
assessment of postoperative SB CD recurrence 
and although the results were at variance, both 
studies showed that SBCE detected more proxi-
mal lesions than IC. 

 A meta-analysis from the Mayo Clinic [ 53 ] 
demonstrated similar diagnostic yields for SBCE 
and double-balloon enteroscopy (DBE). In 
another meta-analysis [ 54 ] although SBCE 
appeared to have signifi cantly higher diagnostic 
yield than DBE performed via either anterograde 
or retrograde route alone, the yield of positive 
fi ndings for these two endoscopic modalities was 
similar when DBE was performed via both routes 
combined.   

    Role of SBCE in the Diagnosis 
and Management of IBD 

    Suspected CD 

 Since up to 90 % of patients with SB CD have 
terminal ileal involvement [ 55 ], IC is considered 
to be the fi rst choice of endoscopic investigation 
to help establish a diagnosis of CD [ 6 ]. In cases 
where IC is not attainable or remains inconclu-
sive [ 56 ,  57 ] and there is no clinical evidence to 
support the presence of obstructive disease, 
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SBCE may be considered for the assessment of 
the SB mucosa; otherwise CTE or MRE should 
be the investigation of choice [ 2 ,  12 ]. The clinical 
value of any SBCE fi ndings and its cost- 
effectiveness would be enhanced by careful 
patient selection with application of pre-test 
probability criteria [ 41 – 48 ] and avoidance of 
potential confounding factors e.g. recent NSAID 
use [ 12 ,  28 ,  49 ,  50 ].  

    Known CD 

 In the presence of known CD, further assessment 
of the SB is frequently warranted for staging of 
disease activity in the presence of symptoms 
regardless of IC fi ndings [ 6 ,  12 ]. In this setting, 
cross-sectional radiological imaging in the form 
of CTE or MRE takes precedence since these 
would facilitate the identifi cation of stricturing 
and or transmural/extramural disease activity and 
associated complications while also allowing 
enhanced anatomical mapping of disease extent 
and distribution [ 2 ,  6 ,  12 ] (Figs.  10.2  and  10.3 ). 
The use of SBCE may still be warranted if cross- 
sectional imaging in patients with known CD 
remains inconclusive, if there are ongoing symp-

toms, and/or if any additional fi ndings may infl u-
ence patient management [ 24 ,  37 ]. However, 
clinicians should be mindful of the higher risk of 
CR in this setting. Ensuring functional SB 
patency by the use of a PC is considered manda-
tory if SBCE is to be undertaken in patients with 
known CD [ 2 ,  12 ].   

 Assessment of CD severity as a guide to man-
agement can usually be undertaken by dedicated 
SB cross-sectional imaging, however, three retro-
spective studies have also demonstrated the 
potential usefulness of SBCE in this regard [ 58 –
 60 ]. Another retrospective study of patients with 
known CD ( n  = 108) by Flamant et al. [ 61 ] 
focused on the clinical importance of jejunal dis-
ease detected by SBCE. This study from France 
demonstrated the presence of jejunal lesions in 
56 % of patients (17 % of these had solitary jeju-
nal disease) and found that jejunal disease was 
independently associated with a higher risk of 
relapse, suggesting the underlying presence of a 
more aggressive CD phenotype. In another retro-
spective study from France ( n  = 71; 3 month fol-
low- up) lesion severity as assessed by SBCE led 
to an adjustment of medical management in 54 % 
of patients. The role of SBCE for the assessment 
of mucosal healing is also being assessed [ 62 ,  63 ], 

  Fig. 10.2    ( a ) Coronal plane CTE image in a patient with 
active CD demonstrating an infl amed ileal loop with 
mural thickening and hyper-enhancement ( white arrow ) 
and prominence of the mesenteric vasa recta (the “comb 
sign”) ( red arrow ). ( b ) Transverse plane CTE image of 
another patient with active CD demonstrating an infl am-

matory mass at the ileo-colic anastomosis ( white arrow ), 
which has fi stulated into the right psoas muscle causing an 
intra-muscular abscess ( red arrow ). Images: Courtesy of 
Drs Abdullah Sharif and Katie Planche of the Department 
of Radiology, Royal Free London NHS Foundation Trust       
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albeit this indication has not yet been recom-
mended for use in routine clinical practice. More 
objective disease activity indices such as the 
Capsule Endoscopy Crohn’s Disease Activity 
Index (CECDAI) (Niv score) or Lewis score may 
help to standardize reporting of disease activity 
identifi ed at SBCE in clinical trials and clinical 
practice [ 64 ,  65 ].  

    IBDU and UC 

 In the setting of IBDU, although the supportive 
evidence is scant and mainly relates to the fi nd-
ings of one retrospective study ( n  = 120) [ 66 ] and 
three small prospective studies [ 67 – 69 ], mucosal 
lesions compatible with SB CD have been 
reported in 17–70 % of patients with previously 
unclassifi ed disease [ 66 ,  67 ,  69 ]. Within the 
appropriate clinical context, SBCE therefore may 
be a useful modality to assist reclassifi cation and 
may lead to modifi cation of disease management 
strategies in patients with this condition [ 2 ,  12 , 
 70 ]. The role of SBCE in UC remains limited but 

it may be useful in patients who manifest atypical 
symptoms and in those with unexplained iron 
defi ciency [ 2 ,  12 ,  71 ]. Usefulness of SBCE in the 
preoperative assessment of patients undergoing 
ileal pouch-anal anastomosis (IPAA) surgery was 
investigated prospectively by Murrell et al. in a 
longitudinal study of 68 patients [ 72 ]. At 
12 months follow-up, the results of this study 
showed no signifi cant correlation between preop-
erative SBCE fi ndings and IPAA outcome. Pre- 
IPAA assessment by SBCE therefore appears to 
be of limited value and is currently not recom-
mended in day-to-day clinical practice [ 2 ,  12 ].   

    Flexible Enteroscopy 

 The development of DAE over the last decade 
has allowed minimally invasive, fl exible endo-
scopic access to the depths of the SB with far less 
restriction than ever before. The term DAE is 
used to collectively describe fl exible enteroscopic 
technologies that use device assistance to apply 
gentle SB wall traction to minimize SB stretching 

  Fig. 10.3    MRE images in a patient with active CD and 
previous pan-proctocolectomy demonstrating a loculated 
pelvic fl uid collection and perineal fi stula ( red arrows ). 

( a ) Sagittal plane. ( b ) coronal plane. Images: Courtesy of 
Drs Abdullah Sharif and Katie Planche of the Department 
of Radiology, Royal Free London NHS Foundation Trust       
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and looping in order to facilitate advancement of 
a dedicated enteroscope deep into the SB. DAE 
comprises balloon-assisted and spiral enteros-
copy technologies (BAE and SE, respectively), 
which all make use of a fl exible stabilizing over-
tube and enteroscope. BAE collectively describes 
the main types of DAE that employ the use of 
balloon-assisted SB traction. Double-balloon 
enteroscopy (DBE) (Fujifi lm, Saitama, Japan) 
incorporates the use of two balloons [ 11 ,  73 ] 
while single-balloon enteroscopy (SBE) 
(Olympus, Tokyo, Japan) uses a single traction 
balloon respectively [ 8 ,  10 ]. SE (Spirus- 
Medical™, Stoughton, MA, USA) does not incor-
porate balloon traction but alternatively makes 
use of a soft-plastic spiral for SB traction [ 74 ]. 

 Since DBE was the fi rst type of DAE technol-
ogy to be introduced into clinical practice [ 73 , 
 75 ], most of the evidence is DBE related [ 76 – 83 ], 
albeit experience with other DAE technologies is 
also increasing [ 7 ,  84 – 90 ]. Although DAE is con-
sidered complimentary to SBCE and this is often 
used to guide further evaluation and/or therapy 
by DAE [ 91 ,  92 ], the potential presence of SB 
strictures may preclude the use of SBCE in 
patients with CD and recourse to DAE is often 
guided by SB cross-sectional imaging fi ndings in 
this condition [ 93 ]. 

 The main advantages of DAE relate to its abil-
ity to allow direct assessment of the SB mucosa 
(via the anterograde or retrograde routes), facili-
tation of tissue biopsy, and the application of 
endotherapy. In the setting of CD, DAE therefore 
may assist with confi rmation of diagnosis, evalu-
ation of disease activity and response to medical 
therapy, facilitation of endoscopic balloon dilata-
tion (EBD) of SB strictures (in appropriately 
selected cases), and with retrieval of retained SB 
capsules [ 2 ,  12 ,  76 ,  79 – 83 ,  93 – 97 ]. Disadvantages 
of DAE include its relative invasiveness and pro-
cedure duration (often in excess of 60 min) [ 98 ]. 
DAE profi ciency requires dedicated training. In 
addition, there are technical challenges particu-
larly related to the retrograde-route and those 
patients with prior surgery and extensive adhe-
sions, which may hinder success [ 99 ,  100 ]. DAE 
has been shown to be safe and complication rates 
are of the order of about 1 % overall and up to 

9 % for procedures involving endotherapy [ 7 ,  83 , 
 84 ,  94 ,  101 – 103 ].  

    Role of DAE in the Diagnosis 
and Management of IBD 

    Diagnosis and Assessment 

 A key meta-analysis from the Mayo clinic by 
Pasha et al. (11 studies, including 9 that com-
pared yield of infl ammatory lesions) confi rmed 
that DBE and SBCE had similar diagnostic yields 
[ 53 ]. This was also demonstrated by another 
meta-analysis (including eight studies) [ 54 ], 
which showed that the yields of bi-directional 
DBE and SBCE were similar. For diagnostic and 
assessment purposes, DAE is usually reserved for 
cases where other less-invasive investigations 
remain inconclusive or where histopathological 
corroboration (to rule out infection or malig-
nancy) is deemed to be essential [ 2 ,  12 ,  104 ]. 
When DAE is clinically indicated, correlation 
with other imaging modalities allows for “target-
ing” of suspect lesions and may enhance its diag-
nostic yield and clinical effectiveness [ 76 ,  80 ,  91 , 
 103 ]. Direct evaluation of SB mucosal lesions is 
also useful for the diagnostic process and the 
presence of mesenteric border SB ulceration has 
been shown to be highly suggestive of underlying 
CD [ 81 ] (Fig.  10.4 ). A small pediatric study 
( n  = 20) from the Netherlands, which compared 
the fi ndings of SBE with ultrasound (+ Doppler) 
and MRE, found that SBE facilitated defi nitive 
diagnosis of active CD in 14/20 patients (70 %) 
and suggested that earlier use of DAE may expe-
dite the diagnostic process [ 85 ]. DAE may also 
be useful in the guidance of medical management 
by direct endoscopic assessment of disease activ-
ity [ 78 ,  93 ,  96 ,  105 ]. In a retrospective study of 
40 patients with established CD, Mensink et al. 
[ 96 ] showed that DBE identifi ed active SB dis-
ease in 24 (60 %) patients and as a result, man-
agement was altered in 75 % of those with 
positive fi ndings. These results were confi rmed 
by another prospective longitudinal study per-
formed by the same investigators in another 50 
patients with known CD. In this second study, the 
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fi ndings at DBE had a direct impact on the medi-
cal management of 38 % of patients, 88 % of 
whom remained in remission with a signifi cantly 
improved Crohn’s disease activity index (CDAI) 
at 12 months of follow-up [ 93 ].    

    Endotherapy of SB Strictures at DAE 

 Within the appropriate clinical setting, selected 
CD-related strictures may be amenable to endo-
scopic balloon dilation (EBD). This has been 
shown to be effective and may reduce the need for 
surgical intervention in some patients [ 75 – 77 ,  79 , 
 82 ,  94 ,  97 ,  106 ]. In order to reduce the risk of 
major complications (which may be of the order 
of 2–11 %) and enhance clinical effectiveness, 
careful patient selection is mandatory [ 76 ,  94 ,  97 ]. 
Prior to consideration for EBD, SB cross- sectional 
imaging should be used to evaluate stricture anat-
omy and characteristics, length, number and loca-
tion [ 76 ,  94 ,  97 ]. EBD of shorter strictures, less 
than 5 cm, is associated with better clinical out-
comes [ 76 ,  79 ,  94 ,  106 ] and the presence of 
severe, active infl ammation and angulated stric-
ture morphology should discourage the use of 
EBD since this may increase the risk of iatrogenic 
perforation [ 76 ,  79 ,  94 ,  97 ]. In order to further 
reduce risk, adequate endoscopic views (avoiding 
tight angulation) and a stable enteroscope position 

should be obtained before EBD is considered 
[ 76 ,  94 ,  97 ]. Intra-procedure fl uoroscopy may 
enhance safety and outcome [ 94 ,  97 ] and is rec-
ommended. The most frequently used technique 
for EBD employs the use of a transparent, wire-
guided, through-the-scope (TTS) balloon dila-
tor—e.g., controlled radial expansion (CRE™) 
(Boston Scientifi c, USA) or Hercules™ (Cook 
Medical, Ireland)—which allows EBD to be per-
formed under direct endoscopic vision [ 76 ,  94 , 
 97 ] by water insuffl ation to the required pressure 
and balloon diameter for 1–2 min [ 76 ] (Fig.  10.5 ).  

 Three studies have focused on outcomes of 
EBD of SB strictures in patients with CD [ 76 ,  79 , 
 94 ]. Pohl et al. attempted EBD of CD-related 
strictures in a study of 19 patients    [ 79 ]. EBD was 
considered suitable in 10/19 and at 10 months 
follow-up, 6 of these patients remained asymp-
tomatic and without the need for surgery. Despott 
et al. performed a study in 11 patients with con-
fi rmed CD SB strictures who were referred for 
DBE-facilitated endotherapy [ 76 ]. EBD was 
achieved in 9/11 patients. In the remaining two 
patients, adhesive disease prevented enteroscopic 
access to the strictures. One patient with actively 
infl amed strictures suffered a delayed perfora-
tion, warranting surgical resection of the diseased 
SB. At a mean follow-up period of 20.5 months, 
the remaining eight patients experienced signifi -
cant symptomatic relief after EBD as noted by 

  Fig. 10.4    CD SB lesions as seen at DBE in two different 
patients. ( a ) Healing ulceration at the mesenteric side of 
the ileum ( blue arrow ). ( b ) Severe ulceration and edema 

affecting the jejunum, leading to infl ammatory stricturing. 
Images: Dr E. J. Despott, Royal Free Unit for Endoscopy, 
Royal Free London NHS Foundation Trust       
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improved symptom-related VAS scores. 
Although two patients required repeat EBD, none 
of them required surgery. Similar fi ndings were 
shown by Hirai et al. [ 94 ]. In their study of 25 
patients, EBD was successful with regard to 
short-term dilation in 18/25 (72 %). Although 
two patients suffered major complications (pan-
creatitis and hemorrhage) cumulative surgery- 
free rates at 6 and 12 months follow-up were 
83 % and 72 %, respectively. The concept of bio-
degradable SB stents [ 107 ] that may be deployed 
at DAE for potential improvement of longer-term 
outcomes in this setting merits further study.  

    Conclusion 

 The emergence of advanced, complementary 
endoscopic and radiological technologies over 
the last decade has greatly refi ned our ability to 
assess the SB for pathology in patients with sus-
pected or known/established IBD. Given the 
absence of a diagnostic gold standard, the inter-
pretation of endoscopic and radiological fi ndings 
requires corroboration with clinical and other 
investigation results. Although the relative role of 
each of these SB imaging technologies in prac-
tice shall ultimately be governed by individual 
clinical scenarios, access to local resources and 
patient preference, the application of pre-test cri-
teria and consideration of dedicated international 
consensus guidance may further enhance their 
clinical and economic effectiveness. 

 The use of DAE is likely to continue to be 
reserved for cases where direct endoscopic and 

histopathological evaluation is required and for 
selected cases where EBD of SB strictures is 
indicated. The impact and potential future role of 
SB endoscopy in the evaluation of mucosal heal-
ing and response to medical management strate-
gies warrants further investigation.      

  Disclosure   E. J. Despott has received education and 
research grants from Aquilant Medical (UK), Fujifi lm and 
Keymed-Olympus.  
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Video Legends
Video 10.1 - CD SB lesions of varying severity. 
Video: Prof. O. Epstein, Ms. H. Palmer, Dr. M. I. 
Hamilton and Dr. E. J. Despott, Royal Free Unit 
for Endoscopy, Royal Free London NHS 
Foundation Trust.
Video 10.2 - CD SB lesions of varying severity. 
Video: Prof. O. Epstein, Ms. H. Palmer, Dr. M. I. 
Hamilton and Dr. E. J. Despott, Royal Free Unit 
for Endoscopy, Royal Free London NHS 
Foundation Trust.
Video 10.3 - CD SB lesions of varying severity. 
Video: Prof. O. Epstein, Ms. H. Palmer, Dr. M. I. 
Hamilton and Dr. E. J. Despott, Royal Free Unit 
for Endoscopy, Royal Free London NHS 
Foundation Trust.
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           Introduction 

 Celiac disease (CD) is induced by the ingestion 
of gluten—a major storage protein of wheat, bar-
ley, and rye—resulting in small bowel mucosal 
lesions in genetically predisposed persons who 
are positive for HLA DQ2 or DQ8 haplotypes. 
The typical presentation of CD is chronic diar-
rhea, emaciation, anemia, malabsorption, and 
abdominal pain, which resolves with a gluten- 
free diet. However, isolated chronic abdominal 
pain, constipation, weight loss, neurologic symp-
toms, dermatitis herpetiformis, autoimmune 
thyropathy, or hypofertility may also be the ini-

tial presentation. In addition, silent forms exist 
and may present with iron-defi ciency anemia, 
hypoproteinemia, hypocalcemia, elevated liver 
enzymes, osteoporosis, or there may be inciden-
tal recognition at endoscopy performed for other 
reasons [ 1 ]. 

 An infl ammatory reaction mediated by CD4+ 
T cells is triggered and leads to villous atrophy 
and intraepithelial lymphocytic infi ltration. Both 
are the key histological markers of CD. The main 
histological classifi cation later revised by 
Oberhuber [ 2 ] was reported by Marsh [ 3 ] and 
defi nes stage 1 CD by the presence of an isolated 
increase in intraepithelial lymphocytes (>40 
intraepithelial lymphocytes per 100 enterocytes); 
stage 2 is characterized by crypt hyperplasia; and 
stage 3 is associated with villous atrophy, classi-
fi ed from 3A to 3C depending on its degree 
(either partial, subtotal, or total). The diagnosis 
of CD requires the combination of elevated IgA 
antitissue transglutaminase antibodies and histo-
logical analysis of duodenal biopsies. In cases 
where there is a high-clinical probability of CD, 
both tests are usually performed at the same time. 
In cases of low- clinical probability, recent 
American College of Gastroenterology (ACG) 
guidelines suggest starting with serologic testing, 
including a total IgA measurement, in order to 
rule out IgA defi ciency. If IgA defi ciency is 
 present, then IgG antitissue transglutaminase and 
IgG antideamidated gliadin measurements should 
be performed. Endoscopy should then be limited 
to patients with positive serological markers [ 4 ]. 
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 Except in the case of children with restrictive 
diagnostic criteria (clinical features suggestive of 
CD, IgA antitissue transglutaminase >10 times 
the normal values, positive antiendomysial serol-
ogy, and confi rmed HLA DQ2 haplotype), all CD 
diagnoses require upper gastrointestinal endos-
copy with duodenal biopsies [ 4 ,  5 ]. Furthermore, 
endoscopy is of paramount importance in the fol-
low-up and the diagnosis of complications of CD.  

    Assessment of Villous Atrophy 
Through Upper Endoscopy 

    White Light Endoscopy 

 The recognition of villous atrophy at endoscopic 
examination of the duodenal mucosa may be of 
help in two situations. First, in order to choose 
the sites where biopsies should be performed to 
obtain histological confi rmation of a suspected 
CD, and second, in patients investigated for non-
specifi c digestive symptoms, such as dyspepsia 
or epigastric pain for example [ 6 ]. The following 
endoscopic features have been described as 
endoscopic markers of CD (Figs.  11.1  and  11.2 , 
Video  11.1 ):  
•    Reduction or loss of duodenal folds, with a 

sensitivity of 47–88 % and a specifi city of 
83–97 % [ 7 ,  8 ].  

•   Scalloping of the mucosa, described as a notched 
and nodular appearance of the duodenal folds, 

with a sensitivity varying from 6 to 44 % [ 8 ,  9 ] 
and a specifi city of 94–100 % [ 8 ,  10 ].  

•   Mosaic pattern or cobblestone appearance of 
the duodenal surface, with a sensitivity of 
12 % and a specifi city of 100 % for CD [ 8 ].  

•   Nodularity, also described in the duodenal 
bulb [ 11 ], has a sensitivity of 6 % and a speci-
fi city of 95 % for the diagnosis of CD [ 8 ].  

•   Evidence of submucosal vasculature [ 12 ]. 
Mucosal fi ssures, crevices, or grooves [ 10 , 
 12 ,   13 ].    
 The presence of any endoscopic marker of 

CD has a sensitivity of 37–94 % [ 14 ,  15 ] and 
a specifi city of 92–100 % [ 15 ,  16 ]. The most 
reliable endoscopic marker in terms of sensitiv-
ity appears to be the loss of the duodenal folds, 
however, with very heterogeneous values among 
published studies [ 17 ]. The specifi city of these 
endoscopic markers of CD is good, with num-
bers ranging from 92 to 100 % [ 17 ]. Among dif-
ferential diagnoses, nonceliac causes of villous 
atrophy, such as Whipple’s disease, enteropa-
thy associated with primary hypogammaglobu-
linemia, autoimmune enteropathy, drug-induced 
toxic enteropathies (angiotensin II receptor blok-
ers, mycophenolate mofetil), and tropical sprue 
should be considered [ 4 ,  18 ]. 

 These specifi c endoscopic markers left aside, 
the judgment of the endoscopist on possible vil-
lous atrophy seems to be quite reliable. Although 
conducted without high-resolution videoendo-
scopes in most studies, white light endoscopic 

  Fig. 11.1    Normal duodenal villi after ( a ) air insuffl ation and ( b ) water immersion       
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examination alone could predict the diagnosis of 
villous atrophy in more than 50 % of cases [ 10 ]. 
A study including 87 patients in an expert endos-
copy center even reported sensitivity, specifi city, 
and positive and negative predictive values of 
94 %, 100 %, 100 %, and 96 %, respectively [ 12 ]. 
The ability of white light endoscopic examina-
tion alone to predict villous atrophy is, however, 
uncertain, since villous atrophy may be patchy, 
and early stages of villous atrophy are not easily 
identifi ed by endoscopy [ 18 ,  19 ]. Hence, mucosal 
biopsies should be performed even in an endo-
scopically normal duodenal mucosa.  

    Advanced Endoscopic Imaging 
Techniques 

 Numerous techniques have been assessed to 
improve the visualization of the mucosal pattern 

in the duodenum. First and foremost, Cammarota 
et al. have demonstrated the interest of the 
“immersion technique”; i.e., the observation of 
duodenal mucosa after air exsuffl ation and instil-
lation of 90–150 mL of water in the duodenal 
lumen. As presented in Figs.  11.1  and  11.2 , and 
confi rmed by several studies from this group, the 
water immersion technique could improve the 
sensitivity of upper endoscopy for the diagnosis 
of villous atrophy to more than 90 % [ 20 ]. 
However, these promising results have not been 
confi rmed by other teams. 

 Chromoendoscopy appears to enhance the 
borders of fl at lesions in the colon, stomach, and 
duodenum, but there is little data in the literature 
to suggest a benefi t of dye spraying in the 
 duodenum to increase the detection of villous 
atrophy. Methylene blue chromoendoscopy, even 
in expert hands, did not bring any improvement 
in the diagnosis of villous atrophy [ 12 ]. Indigo 

  Fig. 11.2    Endoscopic features suggestive of celiac disease. ( a ) Mucosal fi ssures, grooves, and scalloping of the duode-
nal mucosa. Focal villous atrophy with ( b ,  c ) air insuffl ation and ( d ) after water immersion       

 

11 Celiac Disease and Other Malabsorption States



156

carmine in combination with magnifi cation 
endoscopy showed greater than 90 % sensitivity 
for villous atrophy, including partial villous atro-
phy [ 13 ]. A second work confi rmed the interest 
of indigo carmine dye spraying, with or without 
magnifi cation endoscopy, to improve the detec-
tion of villous atrophy, especially in the duodenal 
bulb [ 21 ]. 

 Magnifi cation endoscopy may improve the 
sensitivity of endoscopy for the diagnosis of vil-
lous atrophy, with numbers ranging from 90 to 
100 %, either alone [ 22 – 24 ], associated with ace-
tic acid [ 14 ] or indigo carmine dye spraying [ 13 ]. 
Cammarota et al. even reported a 100 % sensibil-
ity of magnifi cation endoscopy coupled with the 
water immersion technique [ 23 ]. 

 Optical coherence tomography (OCT), an 
imaging technique similar to the B mode ultraso-
nography, used by ophthalmologists to assess 
retinal disorders, has recently been applied to 
digestive endoscopy. Masci et al. have reported in 
two studies an acceptable concordance between 
villous atrophy diagnosed by OCT and patholog-
ical examination of duodenal biopsies, resulting 
in a sensitivity of 82 % and a specifi city of 100 % 
[ 25 ,  26 ]. 

 Endocytoscopy is a novel diagnostic tech-
nique allowing for in vivo real-time visualiza-
tion of the mucosa under 450× magnifi cation. 
This noninvasive technique has been shown to 
be useful in in vivo and real-time and can ade-
quately characterize the villous architecture of 
the duodenal mucosa in patients with celiac dis-
ease. Moreover, endocytoscopy accurately iden-
tifi es mucosal histopathology of advanced CD 
[ 27 ,  28 ]. 

 The potential contribution of confocal endo-
microscopy to the diagnosis of celiac disease 
has been evaluated of course, with the promising 
capability of assessing both the degree of villous 
atrophy and the density of intraepithelial lympho-
cytes. Three studies have been published to date, 
all using a device from Pentax ®  which is cur-
rently unavailable [ 29 – 31 ]. Despite an 80–100 % 
overall specifi city, sensitivity values for villous 
atrophy, crypt hyperplasia, and intraepithelial 
lymphocyte infi ltration were 70–74 %, 52 %, and 
81 %, respectively. 

 In conclusion, advanced endoscopic imaging 
techniques have not changed much over time in 
the endoscopic evaluation of a patient with sus-
pected CD. The evidence thus far for clinical 
practice suggests that high-defi nition white light 
upper videoendoscopy and careful examination 
of the mucosa for patchy lesions are the most 
effective methods and remain the standard proto-
col for diagnosing CD. Recent studies suggest 
that water immersion and/or indigo carmine dye 
spraying preceding mucosal biopsies may also be 
helpful.  

    Intestinal Biopsy Technique 

 Intestinal mucosal biopsies remain the corner-
stone of the diagnosis of CD. They should be 
repeated after 6–12 months on a gluten-free diet, 
in order to assess the healing of duodenal mucosa 
and the new growth of duodenal villi. Complete 
mucosal healing is variable in adults, and usually 
requires 2–3 years [ 32 ]. However, complete 
mucosal healing of the duodenum has been asso-
ciated with a good prognosis, because of a lower 
rate of T cell lymphoma [ 33 ]. Hence, the 
American College of Gastroenterology clinical 
guidelines recommend that the fi rst assessment 
of villous architecture recovery of duodenal his-
tology should wait until 2 years on a gluten-free 
diet (even in case of symptom regression and nor-
malization of antibody levels), or 6–12 months in 
case of nonresponsive CD [ 4 ]. 

 The current guidelines recommend that the 
endoscopist should obtain at least four biopsies 
from the second portion of the duodenum and 
one or two biopsies in the duodenal bulb [ 4 ]. 
Indeed, villous atrophy, along with other histo-
logical abnormalities, can be patchy in the small 
intestine [ 34 ], and the number of 4 is a cutoff 
above which the sensitivity of biopsies rises sig-
nifi cantly [ 35 ]. About 10 % of patients with CD 
have a villous atrophy restricted to the duodenal 
bulb [ 36 ]: hence, one or two biopsies, ideally in 
the 9 and 12 o’clock positions, should be added 
to the four biopsies from the second portion of 
the duodenum [ 4 ]. However, gastroenterologists 
should be aware of potential pitfalls in the inter-
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pretation of these duodenal bulb biopsies, due to 
peptic duodenitis or the epithelial changes in the 
immediate vicinity of Brünner’s glands. 

 Jumbo biopsy forceps have not been proven 
superior to standard biopsy forceps [ 37 ]. Expert 
opinion suggests that only a single biopsy speci-
men should be obtained with each pass of the 
biopsy forceps, in order to collect relatively large 
biopsy specimens [ 4 ].   

    Other Endoscopic Findings in Celiac 
Disease Patients 

 Villous atrophy left aside, gastroesophageal 
refl ux disease is the most prevalent endoscopic 
fi nding in celiac patients, and interestingly, dys-
peptic symptoms typically regress under a gluten- 
free diet. Celiac disease is associated with a 
decrease in the basal pressure of the lower esoph-
ageal sphincter and peptic esophagitis is twice as 
frequent in CD patients as in nonceliac dyspeptic 
controls [ 38 ]. Along with this fi nding, the preva-
lence of Barrett’s esophagus may be twice as 
high in CD patients as in controls [ 39 ]. Nonerosive 
gastric mucosal lesions, typically varioliform, 
have also been reported to be associated with 
CD. Histologically, they present as lymphocytic 
gastritis, of which the signifi cance is still under 
debate [ 18 ]. 

 Ulcers, strictures, or protruding lesions can be 
observed in any part of the small bowel in CD 
patients. These lesions are highly suspicious of a 
malignant T cell proliferation or, more seldom, of 
an adenocarcinoma, and should be biopsied. 
Strong consideration should be given for sending 
the patient to an expert center. 

 Intraepithelial lymphocytic infi ltrate of the 
terminal ileum has been reported in association 
with CD, and this fi nding should lead the endos-
copist to perform duodenal biopsies to rule out 
villous atrophy [ 40 ]. Finally, CD is more fre-
quently associated with other digestive condi-
tions, such as microscopic colitis (either 
lymphocytic or collagenous colitis) or infl amma-
tory bowel disease. These conditions should be 
searched for in case of persistent diarrhea or 
abdominal pain on a strict gluten-free diet [ 18 ].  

    Small Bowel Capsule Endoscopy 
in Celiac Disease 

 Small bowel capsule endoscopy (CE) is a promis-
ing technique in the fi eld of CD because of its abil-
ity to image the entire small bowel mucosa with 
high-quality pictures. Of note, the presence of fl uid 
enhances the visualization of intestinal villi. 
Furthermore, it is less invasive than upper endos-
copy, and thus more acceptable for patients. The 
main limitation of CE in CD is the risk of capsule 
retention proximal to a stricture, but this is relatively 
rare in this setting. However, radiological imaging 
of the small bowel using magnetic resonance (MR) 
or computed tomography (CT) enterography or the 
patency capsule should always precede CE in the 
presence of abdominal pain compatible with 
obstruction and/or a small bowel stricture. 

 The sensitivity of CE for the diagnosis of CD 
ranges from 77 to 92 %, with a specifi city of 
91–100 % [ 41 ,  42 ]. These diagnostic perfor-
mances may be even better than those of optical 
endoscopy. However, histological assessment of 
the duodenal mucosa remains mandatory to 
establish the diagnosis of CD, and CE remains 
restricted to patients with a high clinical and bio-
logical suspicion of CD and who either refuse 
upper endoscopy, or have normal or indefi nite 
biopsies for CD [ 41 ]. The endoscopic markers of 
CD are the same as in optical endoscopy: reduced 
duodenal folds, scalloping of folds, mucosal fi s-
sures, crevices or grooves, mosaic pattern, and 
visible submucosal vessels. These signs should 
draw the attention of the gastroenterologist inter-
preting a small bowel capsule study and typical 
features can be seen (Fig.  11.3  and Video  11.2 ).  

 The biggest impact of CE in CD is the diag-
nostic workup of nonresponsive or complicated 
CD. In nonresponsive CD, after 6–12 months 
of a well-conducted gluten-free diet, the patient 
should undergo further diagnostic investigations, 
searching for causes of refractory celiac disease. 
Once radiological imaging of the small bowel has 
excluded a digestive stricture, CE should be con-
sidered to search for small bowel ulcers, especially 
located beyond the distal  duodenum. The results 
of the capsule study can aid the endoscopist in 
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choosing between standard esogastroduodenos-
copy, push enteroscopy, or deep enteroscopy [ 43 , 
 44 ]. It should be noted that there are currently no 
national or international guidelines to support this 
management, given the relatively high prevalence 
of small bowel mucosal ulcers (generally attrib-
utable to nonsteroidal anti- infl ammatory drug 
[NSAID] intake) in CE procedures performed in 
uncomplicated CD patients [ 45 ]. CE could also 
play a role in the annual follow- up of patients 
with refractory celiac disease, by searching for 
jejunal or ileal mucosal ulcers suggesting ulcer-
ative jejunitis or malignant transformation of CD.  

    Role of Enteroscopy in Celiac 
Disease 

 Push enteroscopy, balloon-assisted enteroscopy, 
and/or spiral enteroscopy have very few indica-
tions in CD, especially since the development of 
small bowel capsule endoscopy. It is a time- 
consuming and invasive procedure, carrying a 
risk of perforation in patients with diseased small 
bowel. Rarely, does enteroscopy add much in the 
evaluation of CD. Since mucosal lesions are 
known to be patchy in CD, some physicians have 

advocated for enteroscopy in order to obtain jeju-
nal mucosal samples, particularly when duodenal 
biopsies are normal. However, several studies 
have shown that the diagnostic yield of jejunal 
biopsies in this setting is insignifi cant. Cellier 
et al. demonstrated that enteroscopy did not 
change the management of responsive CD 
patients [ 46 ]. In another study including more 
than 140 patients, Thijs et al. found a 2 % rate of 
pathological jejunal biopsies when duodenal 
biopsies were normal [ 47 ]. Meijer et al. reported 
a 6 % clinically signifi cant discrepancy between 
duodenal and jejunal biopsies in more than 100 
celiac patients [ 48 ]. Given the 96 % sensitivity of 
the duodenal biopsies (including duodenal bulb 
biopsies) for the diagnosis of CD, there is little 
data to support routine upper enteroscopy in the 
diagnosis of CD for patients with positive serol-
ogy and negative duodenal biopsies [ 4 ]. 

 In contrast, for nonresponsive or complicated 
CD, enteroscopy remains a useful diagnostic tool. 
Refractory celiac disease is defi ned by the persis-
tence of villous atrophy after at least 6 months on 
a strict gluten-free diet, in the absence of another 
cause of villous atrophy [ 1 ]. Type I disease, in 
which the phenotype of intraepithelial lympho-
cytes is normal, should be distinguished from type 

  Fig. 11.3    Endoscopic features of celiac disease on capsule endoscopy. ( a ) Villous atrophy and scalloping, and ( b ) 
jejunal ulcer in the setting of ulcerative jejunitis       
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II, in which clonal expansion of abnormal intraep-
ithelial lymphocytes is observed. This latter form 
is actually a low-grade T-cell lymphoma and car-
ries a more ominous prognosis. In this setting, 
enteroscopy allows for the histological follow-up 
of the duodenal and jejunal mucosa through sys-
tematic and targeted mucosal biopsies [ 43 ,  49 ]. 
Unlike uncomplicated CD, mucosal abnormali-
ties with ulcerative jejunitis can be limited to the 
jejunum, without any ulcers seen in the duode-
num (Fig.  11.3 , Video  11.3 ) [ 39 ]. 

 The choice between upper and lower enteros-
copy is guided by a preliminary noninvasive 
workup, including MR or CT enterography, fol-
lowed by small bowel CE. If abnormalities are 
detected, then enteroscopy can facilitate the eval-
uation for a T cell malignant proliferation among 
jejunal ulcers, or perform histological follow-up 
of type I refractory celiac disease. Biopsies can 
aid in the detection of a clonal expansion or an 
abnormal phenotype of intraepithelial lympho-
cytes, suggesting the evolution toward type II 
refractory celiac disease or a T cell lymphoma. 
This surveillance is conducted yearly in refrac-
tory patients, and the choice between esophago-
gastroduodenoscopy, push enteroscopy, and deep 
enteroscopy is based primarily on the fi ndings of 
small bowel capsule endoscopy [ 43 ]. Finally, 
upper enteroscopy allows one to obtain biopsy 
samples of suspicious lesions of the jejunum, 
such as deep ulcers or strictures, to rule out ade-
nocarcinoma or T cell lymphoma (Fig.  11.4 , 
Video  11.4 ).   

    Contribution of Endoscopy in Other 
Malabsorption States 

 In addition to CD, other malabsorptive states 
can be evaluated with small bowel imaging. The 
causes of malabsorption can by roughly classi-
fi ed in three groups: (1) maldigestion, mainly 
linked to gastric and/or small bowel resection 
or pancreatic exocrine insuffi ciency; (2) muco-
sal noninfectious diseases, such as autoimmune 
enteropathy, common variable immunodefi -
ciency, tropical sprue, and the recently described 
angiotensin II inhibitor-induced sprue; and 
(3) microbial causes, including a vast array of 
bacterial, viral, parasitic, or fungal infections 
occurring in immunocompetent or immunocom-
promised hosts, as well as small bowel bacterial 
overgrowth and Whipple’s disease. 

 The initial diagnostic workup of suspected 
malabsorption syndrome requires a good history 
and physical exam followed by laboratory testing 
and noninvasive imaging where appropriate. 
Once a small bowel malabsorptive process 
involving the small bowel has been identifi ed, 
then esophagogastroduodenoscopy with duode-
nal biopsies and ileocolonoscopy with systematic 
biopsies may be warranted and is usually suffi -
cient for a diagnosis. 

 However, with the development of capsule 
endoscopy and deep enteroscopy techniques, 
direct endoscopic imaging and tissue sampling of 
the entire small bowel is now possible. However, 
the exact indication for CE in the evaluation of 
chronic diarrhea or malabsorption states is not 
mentioned in the last international consensus 
statement on CE indications [ 41 ]. The value of 
push enteroscopy in the diagnostic workup of 
malabsorptive states is also not entirely clear. 
Cuillerier et al. reported that push enteroscopy 
was of diagnostic value in only 12 % of patients 
with malabsorption of unclear origin [ 50 ]. 
However, the contribution of jejunal biopsies was 
limited to patients with inconclusive duodenal 
histology, and enteroscopy was again of no ben-
efi t in patients with normal duodenal mucosa. In 
contrast, Landi et al. found push enteroscopy to 
be of help in establishing the diagnosis of malab-
sorption in 22 % of patients. However, the results 

  Fig. 11.4    Enteropathy-associated T cell lymphoma, pre-
senting as an ulcerated jejunal stricture diagnosed by push 
enteroscopy       
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of duodenal biopsies were not available in this 
work [ 51 ]. Rarely should deep enteroscopy be 
needed in the evaluation of these patients. 

 In terms of specifi c diseases, the diagnosis of 
Whipple’s disease may as well be made on duo-
denal and/or jejunal biopsies [ 52 ], and usually 
does not require an extensive small bowel inves-
tigation. In the case of primary or secondary 
intestinal lymphangiectasia, this disease has been 
diagnosed by CE and histologically assessed by 
enteroscopy-guided biopsies in some case reports 
[ 53 ]. In one report the diagnostic yield was higher 
with upper enteroscopy than with capsule endos-
copy [ 54 ]. Enteroscopic investigation of jejunal 
ulcers associated with chronic ischemic enteritis 
has been reported by some authors, and may be 
of particular benefi t in those patients with a high 
rate of small bowel strictures and capsule reten-
tion [ 55 ]. Deep enteroscopy may also be used for 
balloon dilation of ischemic strictures involving 
the small bowel [ 56 ]. Finally, common variable 
immunodefi ciency associated with small bowel 
lesions (such as nodular lymphoid hyperplasia) is 
frequently associated with a malabsorption syn-
drome [ 57 ]. Intestinal hyperlymphocytosis and 
villous atrophy are found in 75 % and 50 % of 
these patients with gastrointestinal symptoms. 
CE and deep enteroscopy may be useful in this 
condition depending on how much of the small 
bowel is involved [ 57 ].  

    Conclusion 

 There is no doubt that small bowel imaging tech-
niques are important in the evaluation of CD and 
other small bowel malabsorptive syndromes. 
Although serological testing has greatly improved 
our ability to identify patients with CD, the diag-
nosis still depends on the histological assessment 
of duodenal mucosal biopsies. In most cases, 
upper endoscopy with duodenal biopsies will be 
suffi cient to make the diagnosis. 

 The use of high-defi nition endoscopes and 
complementary endoscopic techniques, such as 
water immersion, magnifi cation endoscopy, or 
dye spraying, can help to identify endoscopic 
markers of CD, and facilitate the performance of 

targeted biopsies. However, these markers are 
more specifi c than they are sensitive, and a nor-
mal duodenal endoscopic examination does not 
exclude the diagnosis of CD. As such, in those 
suspected of having CD with normal-appearing 
mucosa, one should perform at least fi ve biop-
sies, one to two in the duodenal bulb and four in 
the second portion of the duodenum. 

 The contribution of CE, push enteroscopy, and 
deep enteroscopy techniques is most useful for the 
diagnosis and follow-up of nonresponsive or com-
plicated forms of celiac disease. In patients with 
other malabsorption states, as in patients with 
celiac disease, the vast majority of pathological 
fi ndings can be detected in the duodenum. As such, 
the indication for CE and deep enteroscopy in the 
diagnostic workup of these patients is limited.       
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Video Legends
Video 11.1 - Typical mucosal fi ndings in a patient 
with celiac disease: reduction of intestinal folds 
and scalloping of the mucosa in the jejunum.
Video 11.2 - Intestinal ulceration with bleeding 
on capsule endoscopy (given SB2) in a patient 
with celiac disease.
Video 11.3 - Ulcerative jejunitis associated with a 
jejunal stricture.
Video 11.4 - Biopsies performed with double bal-
loon enteroscopy showed a T cell lymphoma.
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           Introduction 

 Endoscopic dilation of strictures can be achieved 
with the use of upper endoscopes, colonoscopes, 
push enteroscopes, and balloon-assisted entero-
scopes. Placement of self-expandable stents in 
the small bowel is most commonly used for pal-
liation of malignant duodenal obstruction from 
pancreatic cancer but can be placed more distally 
in select patients. This chapter will review bal-
loon dilation and stent placement in the small 
bowel.  

    Small-Bowel Strictures 

 There are diverse causes of small-bowel stric-
tures due to benign and malignant diseases 
(Table  12.1 ). Those in the duodenum are usually 
due to peptic ulcer disease and pancreatic cancer, 
respectively. Strictures found more distally are 

usually due to nonsteroidal anti-infl ammatory 
drugs (NSAIDs) and Crohn’s disease. The natu-
ral history and response to dilation therapy for 
benign strictures vary depending on disease pro-
cess and concomitant medical therapy.

       Balloon Dilation 

 The use of dilation will be discussed principally for 
management of benign diseases. In patients with 
prior abdominal and pelvic surgery it is particularly 
important to distinguish between adhesive disease 
and stricture disease since the former does not 
respond to dilation and dilation may result in perfo-
ration (Figs.  12.1 ,  12.2 ,  12.3 , and  12.4 ).     

 Whether the endoscope is passed transorally 
or transrectally or via a stoma [ 1 ] depends on 
location of the stricture and any prior surgery. For 
example, most strictures in the duodenum will be 
within reach of an upper endoscope. On the other 
hand, reaching the second duodenum in patients 
with markedly distended stomachs from chronic 
obstruction may be diffi cult and a colonoscope 
may be useful. For passage of dilating balloons, 
the diameter of the working channel does not 
need to be large and thus standard upper endo-
scopes and pediatric colonoscopes as well as 
enteroscopes can be used. However, if one antici-
pates a large quantity of retained food then a 
large diameter may be more effective for suction. 
Accessories to remove food (e.g., Roth nets) 
should be readily available. 
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 Moderate sedation or monitored anesthesia 
care (MAC) may be used, but airway protection 
with general anesthesia should be considered in 
patients with anticipated retained gastric contents 
and for prolonged procedures. 

 Fluoroscopy should be readily available and 
used for anticipated complex strictures in cases 
where the endoscope cannot be passed across the 
lesion and with angulated stenoses. Accessories 
for pancreaticobiliary endoscopy (catheters, 
stone extraction balloons, guidewires) and water- 
soluble contrast are helpful to traverse and defi ne 
the anatomy of complex strictures. 

 Dilating balloons are available in a variety of 
sizes and lengths [ 2 ]. In addition, multisize bal-
loons that infl ate sequentially are also available as 
are balloons that accept a guidewire. Some bal-
loons (CRE™, Boston Scientifi c, Marlborough, 
MA) come prepackaged with a “guidewire,” 
which is approximately 15 cm longer than the 
length of the balloon and can be adjusted and 
locked. Prior to the procedure, one should also be 
certain that the balloon catheter is long enough to 
pass through the chosen endoscope (colonoscope, 
enteroscope). 

 The endoscope is advanced to the site of the 
lesion. If the lesion can be easily traversed with the 
endoscope this should be attempted and obviates 

the need for a guidewire. If the endoscope cannot be 
passed, one should always consider use of fl uoros-
copy to be certain that the balloon is passing across 
the stricture. Additionally, the use of a guidewire 
allows passage of the balloon distal to the stricture 
and prevents impaction of the tip against the oppo-
site bowel wall, which could result in perforation. 
Infl ation of contrast in the balloon is helpful to be 
certain the balloon has crossed the entire stricture 
and whether the waist has effaced with dilation. 

 When long-length endoscopes are used for 
strictures in the jejunum it is helpful to use a clear 
cap attached to the tip, which can help negotiate 
tight corners and to assess the stricture at angula-
tions [ 3 ]. Use of a lubricant (silicone or vegetable 
oil) within the endoscope channel also facilitates 
passage of the balloon within the working chan-
nel, which can be diffi cult when the endoscope is 
looped and/or when the tip is angulated. 

 The diameter of the balloon chosen is based 
upon disease process, prior therapy, and diameter 
of the stricture. For example, in patients with 
short, membranous strictures the risk of perfora-
tion is less and response is more likely than for a 
long-fi brotic stricture due to Crohn’s or radiation 
therapy. In the former, larger diameter balloons 
can be used more safely. In general, one should 
not dilate very tight, pinhole strictures to a diam-
eter larger than 10–12 mm in one session. 
Additionally, slower dilation times and staged 
dilations are believed to be safer.  

    Outcomes Following Balloon 
Dilation 

 As previously mentioned, the response to balloon 
dilation is variable based upon the disease pro-
cess, associated infl ammation, and concomitant 
medical therapy. More than one dilation may be 
needed, and the optimal diameter to be reached 
and maintained as well as the interval between 
planned dilations are unknown. 

 There are many series on the outcomes fol-
lowing balloon dilation for Crohn’s disease stric-
tures [ 4 – 11 ]. Short-term and long-term success 
(3 years) are approximately 80 % and 70 %, 
respectively [ 4 ]. 

   Table 12.1    Causes of small-bowel strictures   

  Benign  
 Peptic ulcer 
 NSAIDs (diaphragm disease) 
 Crohn’s disease 
 Radiation 
 Postinfectious (viral) 
 Ischemic 
 Radiation 
 Eosinophilic enteritis 
 Trauma 
 Anastomotic 
 Stenosing enteritis 
  Malignant  
 Pancreatic adenocarcinoma (primary or recurrent) 
 Metastatic disease 
 Lymphoma 
  Miscellaneous  
 Pouch strictures 
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 Adverse events following endoscopic balloon 
dilation include sedation issues, perforation, and 
bleeding. Perforation is considered the most 
common, serious, and likely adverse event to 
result in need for surgery.  

    Miscellaneous Treatments 

 Injection of corticosteroids (Fig.  12.2d ) or bio-
logic agents (such as infl iximab) into strictures 
during the same session as balloon dilation may 

improve long-term outcome of dilation, although 
this remains unproven. Indeed in one study the 
outcome was worse with steroid injection com-
pared to placebo [ 12 ]. 

 The use of a needle-knife to electroincise webs 
[ 13 ] and strictures [ 14 ,  15 ] has been used (Fig.  12.5 ); 
although it is likely best reserved for use by experi-
enced endoscopists since it is performed freehand 
and may result in inadvertent perforation. Impacted 
small-bowel capsules can be removed, often con-
comitantly with web incision or balloon dilation of 
small-bowel strictures (Fig.  12.6 ).    

  Fig. 12.1    A 60-year-old patient with multiple small-
bowel resections for “adhesional strictures.” Prior to refer-
ral he had >30 hospitalizations for small-bowel 
obstruction. ( a ) Flat fi lm demonstrates diffuse small-

bowel dilation. ( b – d )  Arrows  demonstrate multiple anas-
tomoses with diffuse upstream small-bowel dilation. 
Endoscopy demonstrates ( e ,  f  ) ulcerated ileal stenoses 
treated with ( g – i ) balloon dilation       
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    Stent Placement 

 Most stents used for small bowel use are self- 
expandable metal stents (SEMS) (Fig.  12.7 , 
Videos  12.1 ,  12.2 , and  12.3 ). They are composed 
of a variety of metal alloys [ 16 ], although almost 
all are now composed of nitinol. SEMS are pre-
loaded in a collapsed (constrained) position, 
mounted on a small-diameter delivery catheter. A 
central lumen within the delivery system allows 

for passage over a guidewire. Once the guidewire 
has been advanced beyond the site of pathology, 
the predeployed stent is passed over the guide-
wire and positioned across the stricture. The con-
straint system is released or withdrawn, which 
results in subsequent radial expansion of the stent 
and of the stenosed lumen (if present) during 
deployment. The radial expansile forces and 
degree of shortening differ between stent types 
[ 17 ]. SEMS may also have a covering membrane 

  Fig. 12.2    ( a ) High-grade duodenal stricture in Crohn’s patient treated with ( b ,  c ) balloon dilation and ( d ) steroid 
injection       
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  Fig. 12.3    ( a – c ) Multiple NSAID webs in duodenum and 
jejunum treated with ( d – j ) balloon dilation. Patient was 
taking ibuprofen for rheumatoid arthritis. Eight webs 

were dilated over two endoscopy sessions using both the 
single balloon and double balloon enteroscopes       
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(covered or coated stents) to close fi stulae and to 
prevent tumor ingrowth (and subsequent re- 
obstruction) through the mesh wall.  

 The uncovered portion of SEMS becomes 
deeply imbedded into both the tumor and sur-
rounding tissue [ 18 ,  19 ]. This prevents migration. 
Covering of the SEMS prevents imbedding and 
promotes stent migration; fully covered metal 
stents do not imbed and can be removed but are 
prone to migration [ 20 ]. In general, uncovered 
SEMS should not be used for treatment of benign 
strictures since they are usually not removable 
and can result in long-term problems such as tis-
sue hyperplasia, obstruction, and ulceration. 

 Only three stents from two different manufac-
turers are available specifi cally for relief of 
enteral obstruction and all are uncovered 
(Table  12.2 ). These stents pass directly through 

the working channel of the endoscope (through-
the- scope, TTS). Non-TTS stent placement 
(esophageal or colonic) into the duodenum with 
native anatomy is diffi cult, but possible. 
Additionally, one can also use smaller diameter 
(10 mm) TTS biliary stents alone or in 
 side-by- side fashion (the latter allows a diameter 
of up to 20 mm to be achieved). A fi nal option in 
the U.S. if a covered and removable stent is 
desired is the use of a covered TTS esophageal 
stent. Currently, the only such prosthesis avail-
able is the Niti-S (Taewoong Medical, Seoul, 
South Korea).

   Optimal endoscopic stent placement may be 
impaired by the presence of retained gastric con-
tents. Placing the patient in the left lateral decubi-
tus position prevents aspiration, but often results 
in a suboptimal fl uoroscopic image. Placing the 

  Fig. 12.4    ( a – c ) Additional endoscopy images using cap ( arrows ) on double balloon enteroscope to facilitate small- 
bowel web dilation (Images courtesy of Louis Wong Kee Song, Rochester, MN.)       
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  Fig. 12.5    ( a ) Short-stricture/small-bowel web re-treated with ( b ,  c ) endoscopic electrosection (Images courtesy of 
Louis Wong Kee Song, Rochester, MN.)       

  Fig. 12.6    ( a ) Distal jejunal anastomotic Crohn’s stricture with impacted small-bowel endoscopy capsule. ( b ) Following 
balloon dilation, the capsule was removed with a Roth net       
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  Fig. 12.7    Palliation of duodenal obstruction due to pan-
creatic cancer. ( a ) Injection of contrast through a biliary 
catheter outlines stricture in the duodenum ( arrow ). ( b ) 
Radiograph taken immediately after deployment of duo-

denal SEMS. Note proximal end is in the gastric antrum. 
Stent remains tightly contracted ( arrow ) and ( c ) is dilated 
with 10–12 mm CRE balloon ( arrow )       

   Table 12.2    Expandable duodenal stents   

 Materials 
 Deployed 
diameters 

 Deployed 
lengths (cm)  Features 

 Boston Scientifi c 
 Wallstent Enteral ®a   Elgiloy ®  

(Cobalt-Chromium- 
Nickel) 

 20 mm  6, 9  TTS delivery; reconstrainable; 
39–49 % foreshortening during 
expansion 

 22 mm 

 Wallfl ex Enteral 
Duodenala 

 Nitinol  22 mm body, 
27 mm proximal 
fl are 

 6, 9, 12  TTS delivery; reconstrainable; 
30–38 % foreshortening during 
expansion 

 Cook Endoscopy 
 Evolution Duodenal 
Stenta 

 Nitinol  22 mm (proximal 
and distal fl ares 
27 mm) 

 6, 9, 12  TTS delivery; reconstrainable; 
45 % foreshortening during 
expansion 

 MI Tech 
 Hanarostent 
pyloroduodenal 

 Nitinol  18 mm  8, 11, 14  TTS delivery (uncovered), 
reconstrainable  Uncovered  6, 9, 11, 13 

 Partially covered 
 Taewoong Medical 
 Pyloric  Nitinol  18, 20 (proximal 

and distal fl ares 
24 and 28 mm) 

 6, 8, 10, 12  TTS delivery 
 Uncovered 
 Covered 

 CS Ella 
 SX-ELLA 
pyloroduodenal 

 Nitinol  20, 22, 25  8, 9, 11, 13.5  TTS delivery 
 Uncovered 

      a FDA-approved  
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patient in the prone or supine position is preferred 
for fl uoroscopic visualization, but if the latter is 
chosen the patient should be carefully monitored 
and suctioned, and any gastric contents removed, 
if possible, as soon as the stomach is entered. 
Endotracheal intubation should be strongly con-
sidered to prevent aspiration. 

 Before undertaking gastroduodenal stent place-
ment it is important to assess the status of the bili-
ary tree fi rst, since placement of an expandable 
stent across the papilla may make subsequent 
endoscopic access to the papilla diffi cult, if not 
impossible. In addition, in patients with proximal 
duodenal strictures, the stent may not need to cross 
the papilla to achieve palliation. Thus, a stent 
should be chosen that is adequate to cross the 
lesion, but not excessively long so as to prevent 
access to the papilla. Large-caliber therapeutic 
channel endoscopes (working channel ≥3.8 mm) 
are needed to place TTS stents and thus, it is fre-
quently not possible to pass the endoscope across 
the stricture; this is not necessary to achieve place-
ment, and aggressive dilation of the stricture 
should be avoided to prevent perforation. 

 The stricture is traversed using biliary endo-
scopic techniques and accessories using fl uoro-
scopic guidance. Sphincterotomes are also useful 
since they can be bowed to change the direction 
of orientation, especially those that can be 
rotated. In addition, changing from a forward- 
viewing endoscope to a side-viewing endoscope 
may improve access to lumen of the stricture. 
Once the stricture is traversed with the guidewire, 
catheter contrast can be injected to defi ne stric-
ture length. The stent chosen should be about 
4 cm longer than the measured stricture. 

 Enteral stents foreshorten up to 40 % during 
deployment and all deploy from the distal end. 
Thus, in order to prevent malpositioning of the 
stent it is important to maintain the endoscope in 
a position about 3–4 cm proximally from the 
proximal end of the stricture while continuously 
monitoring the proximal end. The stent will 
appear to move away from the tip of the endo-
scope as it is delivered and while it expands and 
shortens; thus, the endoscopist almost always 
needs to pull back on the delivery system during 
deployment to maintain proper position. 

 For strictures in the second duodenum there is 
some debate about whether or not the proximal 
end of the stent should remain in the proximal 
duodenum or in the gastric antrum because of the 
potential difference in functional result. Stent- 
induced perforation has been reported with stents 
that possess sharp ends when the proximal end 
remains in the duodenum [ 21 ]. However, newer 
stents with rounded edges may reduce this 
adverse event. 

 Placement of stents beyond the duodenum can 
be achieved using TTS stents that pass through 
the working channel of a colonoscope. To reach 
lesions far from the mouth or anus, balloon enter-
oscopes can be used. Commercially available 
stents are not long enough to pass through stan-
dard balloon enteroscopes, but can be achieved 
by passing the delivery system through “short” 
double balloon enteroscopes or by passing them 
through the overtube of standard length balloon 
enteroscopes [ 22 – 25 ], or use of a spiral entero-
scope [ 26 ].  

    Outcome Following 
Small-Bowel Stent  

 There are many publications describing the effi -
cacy of SEMS for palliating gastric outlet 
obstruction (GOO) due to pancreatic cancer. In a 
systematic review of 32 case series, including 10 
prospective series of gastric and pancreaticobili-
ary malignancies [ 27 ], 606 patients underwent 
attempted stent placement. Technical success, 
defi ned as successful stent placement and deploy-
ment, was achieved in 589 (97 %). Technical fail-
ure was attributed to severe obstruction, diffi cult 
anatomy, malpositioning, and one failed delivery. 
Clinical success, defi ned as relief of symptoms 
and improved oral intake, occurred in 89 % of the 
technical successes. Clinical failures were due to 
early stent migration (20 %) and disease progres-
sion (61 %), and procedural adverse events (AEs) 
(15 %) such as malpositioned stent or partially 
expanded stent. Severe complications included 
bleeding (1 %). There were no procedure-related 
deaths. Nonsevere AEs occurred in 27 % of 
attempted stent placements. The most commonly 
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reported nonsevere AE was stent occlusion 
(17 %) primarily due to tumor growth or obstruc-
tion away from the stent. Migration occurred in 
5 % of patients, generally managed with addi-
tional stent placement. Pain was reported in 2 % 
of subjects. The mean survival was 12.1 weeks. 
The majority of nonsevere AEs were related to 
stent obstruction. Adverse events following 
small-bowel stent placement are seen in 
Table  12.3 .

   Surgical gastroenterostomy has been compared 
to endoscopic SEMS for palliation of unresectable 
malignant GOO stenosis. Time to ingestion of 
both liquids and light consistency diet and post-
procedure length of hospital stay are signifi cantly 
shorter in the endoscopic stent group compared to 
surgical groups. Initial postprocedural and proce-
dural costs are higher in the gastrojejunostomy 
groups [ 28 ]. However, recurrent obstruction 
occurs more often in the stent group. In a system-
atic review endoscopic SEMS placement is the 
preferred strategy over open or laparoscopic gas-
trojejunostomy for palliation of malignant gastric 
outlet obstruction in patients with a short life 
expectancy on the basis of effectiveness, fewer 
complications, reduced cost, and earlier resump-
tion of per oral intake [ 29 ]. No difference in mor-
bidity mortality is seen in these studies.       
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Video Legends
Video 12.1 - Placement of expandable metal stent 
in a patient with prior pyloric sparing Whipple 
and biliary obstruction. There is downstream 
obstruction due to recurrent tumor in the afferent 
limb. The stricture could not be traversed with 
biliary accessories using an adult colonoscope. 
The single balloon endoscope was advanced to 
the lesion and allowed an en face view of the 
stricture. It was then traversed. A guidewire and 
catheter were left in place. The adult colonoscope 
was then loaded over the wire and an enteral stent 
placed. 
Video 12.2 - Placement of a WallFlex stent to 
open an ileal obstruction. Video courtesy of 
Louis M. Wong Kee Song, MD, at Mayo, 
Rochester.
Video 12.3 - Placement of a WallFlex stent to 
open a gastric outlet obstruction at the ligament 
of Treitz. Video courtesy of Louis M. Wong Kee 
Song, MD, at Mayo, Rochester.
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           Small-Bowel Tumors 

    Epidemiology, Pathology, Clinical 
Presentation, and Prognosis 

 The small bowel accounts for almost 75 % of the 
anatomical length and 90 % of the absorptive sur-
face of the alimentary tract. Despite this, small- 
bowel tumors (SBTs) are remarkably rare 
entities, accounting for approximately 3–6 % of 
all primary gastrointestinal tumors and 1–3 % of 
all gastrointestinal malignancies [ 1 ,  2 ]. Owing to 
their rarity, coupled with the limited access to the 
small intestine, due to its mobility and tortuosity, 
SBTs pose unique diagnostic and management 
challenges. According to autopsy data, approxi-
mately 40 different histological subtypes of 

tumors arise in the small bowel, with the four 
most common being carcinoids (35–42 %), 
 adenocarcinomas (30–40 %), mesenchymal 
tumors—mainly gastrointestinal stromal tumors 
(GISTs) (10–15 %) (Fig.  13.1 )—and lymphomas 
(15–20 %). The sites at higher risk are the duode-
num and duodenal/jejunal junction for adenocar-
cinomas (Fig.  13.2 ) and the ileum for carcinoids 
(Fig.  13.3 ), whereas lymphomas (Fig.  13.4 ) occur 
most commonly in the jejunum or ileum [ 2 ,  3 ].     

 SBTs typically present in middle-aged adults 
and elderly people, especially during the sixth and 
seventh decades, with a slight male predomi-
nance. There is a geographical variation with 
SBTs being more frequent in Western countries, 
as well as a racial/ethnic difference, with a higher 
incidence of adenocarcinomas and malignant car-
cinoids among black populations [ 2 – 4 ]. Although 
a complete understanding of the pathogenesis of 
SBTs has not yet been reached, it is generally pos-
tulated that the small bowel has some protection 
against cancer that the adjacent organs lack [ 4 ]. In 
particular protective factors may be rapid cell 
turnover, rapid transit times, low-bacterial load, 
alkaline environment, low levels of activating 
enzymes or precarcinogens, high levels of lym-
phoid aggregates, and IgA. Environmental and 
behavioral factors may certainly also play a role. 
Finally, some medical or genetic cancerous and 
noncancerous bowel conditions, such as celiac 
disease, infl ammatory bowel disease, inherited 
polyposis (discussed later in this chapter) and 
nonpolyposis syndromes, confer an increased risk 
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for developing SBTs [ 3 ,  4 ]. Hence, patients pre-
senting with SBTs should always be assessed for 
one of these underlying conditions [ 5 ]. 

 As for secondary small-bowel cancers, they 
can occur either by direct invasion or as a result 
of distant metastasis spread. Metastatic SBTs 
derive from melanomas, prostate, lung, kidney, 
breast, and testes. Melanoma is the most com-
mon metastatic tumor to the small bowel. 
Intestinal melanomas can be primary tumors but 

more commonly are metastases, affecting the 
jejunum and ileum [ 6 ] (Fig.  13.5 , Video  13.1 ).  

 The rising incidence rates of primary SBTs [ 2 ] 
partially refl ect both a better understanding and 
increased awareness of the disease, with a higher 
index of clinical suspicion and a lower threshold 
to order further investigations. It is also related 
to the improvements in diagnostic capabilities 
with the advent of novel endoscopic devices and 
high- performance radiological techniques for a 

  Fig. 13.1    An ileal GIST: at abdominal CT in the axial scans ( a ) and at CE ( b )       

  Fig. 13.2    CTE showing, in axial scan, a duodenal lesion ( a ) and, in coronal scan, neoplastic stenosis with thickening 
of the wall ( b )       
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thorough small-bowel evaluation. Due to their 
rarity and nonspecifi c clinical presentation, SBTs 
are indeed diffi cult to diagnose and quite often 
detected in advanced stages. Physical examina-
tion is usually unrevealing. Symptoms and signs 
associated to SBTs are vague, nonspecifi c, indis-
tinct, or inconclusive. They may include any of 
the following: dyspepsia, minor anemia, vague 
or cramping abdominal pain, bloating, fatigue, 
nausea and vomiting related to partial, inter-
mittent, or complete bowel obstruction, weight 
loss, anorexia, diarrhea, perforation, palpable 
 abdominal mass, jaundice in case of periampul-
lary lesions, frank bleeding, and chronic obscure- 
occult bleeding. All of these clinical signs and 
symptoms show poor sensitivity and specifi city. 
Even the serotonine activity-related visible signs 
and symptoms of carcinoid syndrome (fl ushing, 
diarrhea, wheezing) correlate with a tumor that 
has already progressed [ 6 – 9 ]. 

 Malignant tumors arising from the small 
bowel have a poor prognosis, with an overall 

5-year relative survival rate of 54 % (83 % for 
carcinoids, 25 % for adenocarcinomas, 62 % for 
lymphomas, and 45 % for sarcomas) [ 10 ]. Many 
SBTs can remain clinically silent for years. The 
available literature reports approximately a 10- to 
20-month mean delay in diagnosis from fi rst 
symptoms. Delayed diagnosis contributes to the 
poor survival prognosis. Diagnosis at an early 
stage would be desirable, because the mainstay 
of treatment for adenocarcinomas, GISTs, and 
carcinoids is complete curative resection. Cancer- 
directed surgery, early stage disease, and lymph 
node involvement ratio are key prognostic factors 
signifi cantly associated with overall survival. On 
the other hand the diagnosis of a lymphoprolif-
erative disorder may change the management 
from surgical to medical [ 11 – 14 ]. All of these 
factors support the need to have a high index of 
suspicion for small-intestinal neoplasms and to 
perform a more aggressive diagnostic work-up in 
patients with vague gastrointestinal symptoms 
(Video  13.2 ).  

  Fig. 13.3    Ileal carcinoid, in CTE axial ( a ) and coronal 
( b ) scan, appearing like a solid formation with inhomoge-
neous enhancement       

  Fig. 13.4    Intestinal lymphoma in patient with HIV at the 
abdomen CT in axial ( a ) and coronal ( b ) scan       
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    SBTs in the  Old  Era 

 Until the advent of capsule endoscopy and device-
assisted enteroscopy coupled with the advances 
in radiology, physicians had to deal with limited 
diagnostic capabilities for investigating the small 

bowel. Accurate and early preoperative diag-
nosis of SBTs proved diffi cult. Intraoperative 
enteroscopy (diagnostic yield ranging from 70 
to 100 % in patients with obscure-gastrointesti-
nal bleeding) and surgery were the sole, rather 
invasive, procedures providing defi nite evidence 

  Fig. 13.5       Melanoma of the small bowel, at endoscopic diagnosis ( a ) and surgical specimen after resection ( b ,  c )       
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of lesions, polyps, or masses deeply located in 
the small intestine and allowing their treatment 
[ 15 ]. Leaving the obsolete sonde enteroscopy 
out of any consideration, diagnosis of SBTs 
was mainly based on barium-contrast radiol-
ogy, such as small-bowel follow-through (SBFT) 
(Fig.  13.6 ) or enteroclysis, push enteroscopy, or 
in selected cases angiography. Although abnor-
malities may be seen in up to 83 % of patients 
with SBTs, upper gastrointestinal series with a 
SBFT deserves limited utility given its low sen-
sitivity for SBTs of 30–44 % [ 16 ,  17 ]. Owing to 
their partial evaluation of the small bowel and 
overall low-diagnostic yield, these techniques 
are gradually being phased out in favor of more 
effi cient and effective endoscopic and radiologi-
cal techniques.  

 Regardless of clinical indications, sensitivity 
at enteroclysis is superior to sensitivity at SBFT: 
87–96 % reported by most authors [ 18 ]. In par-
ticular, enteroclysis is a good technique to iden-
tify folds, masses, and large protruding 
proximally located or obstructive small-bowel 
lesions. In a series of 71 patients diagnosed with 
primary mesenteric malignant tumors of the 
small intestine over a 21-year period, the tumor 
detection rate of standard enteroclysis was 90 % 

as compared to 33 % of SBFT [ 19 ]. However, 
surface coating is suboptimal due to barium dilu-
tion and enteroclysis is ineffective in visualizing 
the luminal surface directly, small sized and fl at 
lesions, and/or lesions of the terminal ileum. 
Moreover, patient’s discomfort, high-radiation 
dose, and complexity have limited its use [ 20 ]. 

 Conventional computed tomography (CT) 
scan and magnetic resonance (MR) imaging are 
reliable methods for detection of small-bowel 
masses, for localization, for assessment of their 
relationship to adjacent structures, and for stag-
ing of metastatic spread and lymph nodes 
involvement. However, it is important to note that 
they might miss small intraluminal and mucosal 
lesions and lack the capacity to distinguish sub-
types of SBTs [ 18 ,  21 ]. Over the past years, con-
ventional CT scan and MR imaging have 
substantially been improved with the adjunct of 
oral or small-bowel contrasts allowing a more 
accurate bowel fi lling and distension, and dem-
onstrating high accuracy for the detection and 
location of small-bowel lesions [ 22 ,  23 ]. 

 Push enteroscopy is limited to the proximal 
jejunum, allowing an average of 50–100 cm of 
the small intestine to be intubated. It is still useful 
for the identifi cation and sampling of proximal 

  Fig. 13.6    Ileal lipoma with intussusception at SBFT: fi lling defect with spiral morphology in ileal loop       
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tumors, but is inferior to CE and push-and-pull 
enteroscopy with regard to the length of the small 
bowel visualized, as well as the diagnostic yield 
[ 24 ,  25 ]. In patients referred for obscure- 
gastrointestinal bleeding (OGIB) and positive 
radiologic fi ndings, the diagnostic yield of push 
enteroscopy for SBTs is about 5–6 % [ 26 ]. 
Standard esophagogastroduodenoscopy plays a 
primary role in the assessment of lesions located 
in the duodenum. The terminal ileum is success-
fully investigated through colonoscopy with ile-
oscopy up to 45 cm [ 27 ].  

    SBTs: Outcome and Results 
in the  New  Era 

 Since the advent of capsule endoscopy (CE) there 
has been a growing body of evidence showing its 
superiority over the traditional small intestine 
diagnostic tests. CE proved superior to SBFT and 
push enteroscopy for the diagnosis of small- 
bowel diseases. CE effectively identifi es lesions 
beyond the reach of push enteroscopy, including 
SBTs undetected by conventional radiological 
studies with a diagnostic yield of 52.6–65.2 % 
[ 25 ,  28 ,  29 ]. As such, CE has become the front-
line diagnostic tool in case of suspected small- 
bowel diseases, after negative upper GI endoscopy 
and colonoscopy [ 30 ]. However, it is important to 
emphasize that CE, though providing a complete 
evaluation of the small bowel, has limitations. In 
particular, CE is not very good at evaluating the 
duodenal sweep and the periampullary area. 
Standard endoscopy methods are still important 
here [ 31 ,  32 ]. A possible explanation is the rapid 
capsule transit time across the duodenal sweep. 

 Clinical studies on CE have reported a fre-
quency of SBTs differently ranging between 4 
and 10 %. The majority (approximately 60 %) 
are malignant. Occasionally, small-bowel malig-
nancies are secondary tumors, mainly originating 
from skin melanomas [ 29 ,  33 – 38 ]. The great 
variation in the reported frequency of SBTs is 
likely multifactorial and related to the retrospec-
tive design of the studies, the analysis of preva-
lence only in patients with OGIB, the absence of 

a standardized approach, the inclusion of both 
benign and malignant tumors [ 37 ], and the inclu-
sion of hereditary polyposis syndromes. In any 
case, it appears that CE has increased the rate of 
diagnosing SBTs and a detection rate even up to 
13.7 % has been reported in the recent literature 
[ 39 ]. This might be the result of a selection bias 
in tertiary referral centers. This is supported by 
the fact that a recent multicenter European study 
[ 40 ] including 5,129 patients undergoing CE 
showed a 2.4 % frequency of SBTs. This surpris-
ingly low result seems consistent with the 1.6 % 
detection rate of SBTs reported in another large 
study based on 1,000 CE examinations [ 41 ]. The 
low frequency of tumors detected might be 
related to the high number of capsule studies per-
formed, as the authors themselves suggest [ 40 ]. 

 Chronic occult or overt bleeding is the most 
common presentation of SBTs [ 15 ] and the usual 
clinical indication for CE in 80 % of cases [ 29 , 
 35 ,  37 ,  40 ]. Whenever CE is performed for 
OGIB, SBTs are detected in 6–12 % of cases, the 
incidence being higher in adults <50 years of age 
[ 6 ,  15 ,  42 ]. In descending order of incidence, 
SBTs reside in the jejunum in 40–60 % of cases, 
in the ileum in 25–40 % of cases, and less fre-
quently in the duodenum (15–20 % of cases) [ 29 , 
 33 ,  35 – 37 ,  41 ]. The preponderance of the lesions 
in the mid-gut may account for the extensive 
work-up that patients usually have undergone 
prior to CE. The literature suggests that patients 
undergo between 3.6 and 5 negative procedures, 
including SBFT, enteroclysis, push enteroscopy, 
and abdominal CT scan [ 33 ,  37 ,  43 ]. As for the 
endoscopic appearance of SBTs at capsule 
imaging, many descriptors have been used to 
describe the fi ndings [ 39 ]. The heterogeneous 
terminology used for capsule images has 
prompted an expert panel to establish a structured 
common terminology, which includes nodule, 
polyp, submucosal, ulcerated, fungating, frond-
like or villous, bleeding or nonbleeding mass, or 
tumor [ 44 ,  45 ]. SBTs generally appear at CE as 
masses or polyps in 70–80 % of cases and as 
ulcers or strictures in 20–30 % of cases [ 46 ]. 

 Based only on capsule images, it is not pos-
sible to distinguish the tumor type or whether a 
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lesion is malignant or benign [ 46 ,  47 ]. Therefore, 
in case of a suspected SBT—for example, as a 
result of cross-sectional imaging techniques—
the European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines on fl exible enter-
oscopy recommend balloon-assisted enteros-
copy as the fi rst choice, given its potential for 
histopathological diagnosis through tissue sam-
pling [ 47 ]. A novel index aiming to overcome 
the potential CE false-positive fi ndings and aim-
ing to discriminate a mucosal bulge from a mass 
was recently developed: the Smooth Protruding 
Index on Capsule Endoscopy (SPICE) score 
[ 48 ]. A SPICE score higher than 2 had an 83 % 
sensitivity and 89 % specifi city for tumors. 
Other attempts to differentiate tumors on CE 
include an automated scale using multiscale 
wavelet-based analysis in capsule endoscopy 
images that is reported to have 93 % sensitivity 
and specifi city [ 49 ]. 

 CE allows noninvasive evaluation of the entire 
small bowel in 79–90 % of patients, with a high- 
diagnostic yield and positive and negative predic-
tive values approaching respectively 83, 97, and 
100 % in the evaluation of OGIB [ 50 ]. The per-
formance of CE for tumor detection was very 
good with sensitivity, specifi city, NPV, and PPV 
values reaching 83.3, 100, 97.6, and 100 %, 
respectively [ 51 ]. In the setting of SBTs, the 
infl uence of CE on the fi nal diagnosis and man-
agement may be as high as 77 % [ 43 ]. With 
regard to therapeutic impact, in one series includ-
ing 443 CE examinations with a SBT detection 
rate of 2.5 %, CE had an impact on therapy in 6 
out of 11 patients (55 %) [ 37 ]. In a large- 
multicenter study on 1,132 patients, where 4.3 % 
(57) of SBTs were diagnosed with CE, capsule 
critically changed the therapeutic course in 
12.3 % of patients (7/57) leading to surgical 
intervention [ 28 ]. In the study by Bailey et al., 
curative resection was performed in 52 % of 
patients with SBTs and they remained recur-
rencefree at a mean follow-up of 38 months, most 
likely because of an earlier stage at diagnosis 
[ 29 ]. Further long-term studies are needed to 
clarify the impact of CE on outcomes and its role 
in surveillance of SBTs. 

 Capsule endoscopy can also play a role in sur-
veillance of small-bowel lesions. CE has been 
shown to be useful in the surveillance of small- 
bowel lymphomas and to assess response to treat-
ment, including lymphomas in type II refractory 
celiac disease [ 52 ,  53 ]. The ESGE guidelines 
indicate, in these cases too, the importance of 
balloon-assisted enteroscopy as for the ability to 
take biopsies [ 47 ]. 

 CE is actually a mere visual diagnostic tool. 
Its major drawbacks include the inability to per-
form tissue sampling, the absence of therapeutic 
capabilities, the inability to control its movement 
through the gastrointestinal tract, and poor local-
ization and sizing of lesions. Another important 
disadvantage is the misdiagnosis due to false- 
negative CE examinations [ 54 ]. Poor bowel prep-
aration, rapid passage, random movements of the 
capsule, inadequate bowel distension, or incom-
plete small-bowel examinations may hamper or 
prevent diagnosis. The highest miss rate refers to 
solitary small-bowel mass lesions. In a pooled 
analysis of 24 trials representing 530 patients, the 
authors recorded an 18.9 % CE miss-rate for 
small neoplasms [ 55 ]. Recent comparative stud-
ies reported on SBTs missed at CE but identifi ed 
with CT enterography [ 56 ,  57 ] or balloon-assisted 
enteroscopy (BAE) [ 58 ], with two-thirds of the 
overlooked SBTs involving the duodenum/proxi-
mal jejunum [ 51 ,  57 ]. When stratifi ed according 
to the site of tumor, the diagnostic yield for SBTs 
in the distal duodenum/proximal jejunum is 
lower (73 %) than for those located more distally 
(90 %) [ 57 ]. Though a negative CE may be 
reassuring in many cases, when there is a high 
index of suspicion, as in the case of persistent or 
alarm symptoms, the clinician should have a low 
threshold to further investigate with complemen-
tary endoscopic and/or radiologic tests [ 56 – 59 ]. 

 This must also be balanced by the fact that 
CE can identify nonspecifi c lesions that are, in 
fact, false positives. Incidental fi ndings, such as 
erosions and angiodysplasias, are common and 
may be mistaken as a source of bleeding [ 46 ,  50 , 
 56 ]. Another limitation of CE is the possible risk 
of retention. The risk of CE retention due to a 
stricture or mass, in the setting of a defi nite or 
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suspected SBT, may be as high as 10 % [ 40 ]. A 
pooled analysis of 227 papers including 22,840 
CE procedures found an overall CE retention rate 
of 1.4 % [ 60 ]. A low-retention rate was associ-
ated with OGIB, whereas a relatively high reten-
tion rate was associated with neoplasms. In many 
of these cases, however, CE retention may be 
regarded as a therapeutic adverse event, leading 
to a diagnosis and ultimately to surgical resection 
of the lesion and CE retrieval. The use of a dis-
solvable patency capsule to test for small-bowel 
patency is a viable method to reduce retention 
risk in patients at higher risk for obstruction [ 46 ]. 

 Following the development of the capsule, 
the advent of device-assisted enteroscopy (DAE) 
is a further major breakthrough in the diagnosis 
and therapy of small-bowel cancerous lesions. 
DAE encompasses double-balloon enteroscopy 
(DBE), single-balloon enteroscopy (SBE), and 
spiral enteroscopy (SE). All of these techniques 
allow a deep and theoretically total enteroscopy 
with the assistance of an overtube that facilitates 
the pleating of the small bowel over the scope 
and overtube assembly by means of push-pull 
anchoring movements or rotational movements. 
Using these techniques, the depth of intubation 
of the small bowel (240–360 cm on oral approach 
and 102–140 cm with the retrograde route) is 
much greater compared to push enteroscopy and 
ileoscopy [ 61 ]. The rate of total enteroscopy has 
been reported to range from 5 to 86 % and is 
very operator dependent [ 62 ]. Patients having 
undergone extensive abdominal surgery may be 
poor candidates for DAE because of adhesions 
or altered anatomy, which may prevent the endo-
scope from advancing. The subtypes of DAE 
share the same indications, drawbacks (invasive 
nature, prolonged duration, requirement for 
additional personnel), and complications (pan-
creatitis, perforation, bleeding, paralytic ileus) 
without signifi cant differences in technical and 
clinical success rates [ 61 ]. The choice of one or 
the other technique depends on local expertise 
and availability. DAE is invasive and labor 
intensive, but holds the potential for histological 
diagnosis with tissue sampling. Moreover, it has 
the ability for therapeutic interventional proce-
dures including polypectomy, hemostasis, pal-

liative dilation, stent placement, tattoos for SBT 
detection at minimally invasive surgery (Video 
 13.3 ), and retrieval of retained capsules [ 61 , 
 63 ]. In the setting of SBTs, DAE provides the 
ability to diagnose, apply therapy, and precisely 
localize the lesion. Therapeutic maneuvers, 
however, do raise the complication rate from 1 
to 4–5 % [ 64 ,  65 ]. 

 As for CE, the main indication for DAE is 
OGIB [ 66 – 68 ]. However, DAE is increasingly 
used to confi rm abnormal CE or cross-sectional 
imaging fi ndings, to evaluate patients with celiac 
disease for the presence of enteropathy- associated 
T-cell lymphoma, or to screen or survey patients 
with intestinal polyposis syndromes (discussed 
later) [ 66 ,  68 ]. Since the advent of DBE in 2001 
many papers addressing the diagnosis and man-
agement of SBTs have been published. In the 
largest series from a Japanese multicenter study 
(a retrospective analysis of 1,035 patients under-
going DBE for various indications), 13.9 % of 
patients were found to have SBTs, with 7.3 % 
primary cancers detected in nonpolyposis patients 
[ 68 ]. In most of the cases the diagnosis was made 
through DBE and in some cases a therapeutic 
procedure was directly performed. The most 
common indication for DBE was OGIB (44 %), 
followed by obstructive symptoms inclusive of 
abdominal pain (12 %), evaluation or treatment 
of diseases such as inherited polyposis syn-
dromes (12 %), the suspected presence of a SBT 
(9 %), and other indications (23 %) [ 68 ]. In this 
study, as in other studies [ 67 ,  69 ,  70 ], the inci-
dence of SBTs in patients undergoing DAE is 
signifi cantly higher than reported in CE studies. 
The current literature, mostly based on retrospec-
tive series, shows heterogeneous results in SBT 
detection rates by DAE, ranging from 3.6 to 
17.4 % [ 58 ,  66 – 71 ]. 

 The reasons for a high variation in detection 
rates for SBTs is probably multifactorial, includ-
ing selection bias. The diagnostic yield of DBE 
appears to be highest in patients who have posi-
tive fi ndings on previous radiologic studies, CE, 
or octroescan [ 72 ]. Many series include benign 
tumors or patients known to have genetic disor-
ders (Familial Adenomatous Polyposis or Peutz- 
Jeghers syndrome) where the incidence of SBTs 
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may be expected to be higher or patients may be 
specifi cally referred to evaluate and treat specifi c 
lesions, as in Peutz-Jeghers syndrome. Smaller 
studies where inherited polyposis and benign 
tumors were excluded have indeed reported 
a surprisingly low (3.6 %) SBT incidence in 
patients examined by DBE [ 66 ]. Finally, the dif-
ferences may partially refl ect a dissimilar referral 
practice to tertiary referral centers or a true geo-
graphic or ethnic patient population difference 
in the incidence of the various types of SBTs. In 
the Japanese series [ 68 ], lymphomas and GISTs 
(Figs.  13.7 ,  13.8 , and  13.9 ) were found more 

commonly. Neuroendocrine tumors (NETs) were 
rarely diagnosed (2.8 %), whereas in the West, 
based on a 5-year experience at a US referral cen-
ter, there was a higher incidence of NETs (40 %) 
[ 66 ]. Carcinoid tumor was also reported to be 
the most common small-bowel cancer identifi ed 
by DBE in the US study by Cangemi et al. [ 69 ]. 
This geographic variation needs to be further 
investigated.    

 There is some information on the comparable 
diagnostic yield between CE and DAE. A meta- 
analysis by Pasha et al. found the diagnostic yield 
for small-bowel lesions to be equal between DBE 

  Fig. 13.7    CTE with evidence of multiple jejunal ( a ,  b ) and ileal ( c ,  d ) GISTs       
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(57 %) and CE (60 %) [ 73 ]. However, as already 
pointed out, DBE may identify small-bowel mass 
lesion undetected on CE [ 58 ]. Some studies dem-
onstrated DBE to be superior to CE, and CE 
achieving comparable diagnostic yield compared 
to DBE only when combined with contrast- 
enhanced CT (91 % versus 99 %) [ 59 ]. On the 
other hand, tumors may be missed on DBE as 
well after a positive CE result [ 74 ,  75 ], usually 
because of their location in an area of the small 
bowel not examined by DBE. 

 CE and DAE have to be viewed as comple-
mentary tests for the evaluation of patients with 
suspected SBTs and CE is considered the pre-
ferred initial test of choice [ 76 ]. CE is a noninva-
sive test, while DAE is time consuming and more 
invasive. If no lesions are found on CE, one may 
avoid the need for an invasive procedure. 
However, if a lesion is detected, CE can direct the 
route for a “targeted DAE” and guide the selec-
tion of the intubation approach. For deep intuba-
tion, according to fi ndings and transit times, the 
oral approach is preferred when the lesion is sus-
pected to be within the proximal 75 % of the 
small bowel, whereas a retrograde route is used 
for more distal lesions [ 76 – 78 ]. If CE is negative 
but there is a high index of suspicion, further 
investigations with DAE or cross-sectional imag-
ing should be pursued [ 56 – 59 ]. It should also be 
mentioned that repeat CE may also identify addi-
tional fi ndings in up to 75 % of patients with 
OGIB, leading to a change in management in 
62 % of cases [ 79 ]. In some cases, there is a role 
for deep enteroscopy as the fi rst-diagnostic test 
without a prior CE, especially when there is a 
high index of suspicion [ 63 ] and/or there is a risk 
of obstruction and capsule retention [ 68 ]. 

 The clinical impact of DAE on the manage-
ment of small-bowel cancers is illustrated by the 
high percentage of patients who undergo surgery 
based upon the fi ndings at DAE [ 66 ]. In the series 
of Lee et al. [ 67 ] the results of DBE affected the 
surgical and endoscopic therapeutic plans and 
short-term clinical results among patients with 
SBTs in 64 % of cases. The therapeutic plans 
were changed more frequently in patients with 
SBTs than patients with other conditions. Based 
upon the surgical results, DAE also proved 
extremely accurate for locating small-bowel neo-
plasms and for histological diagnosis [ 69 ,  70 ]. 
DBE was very effective for enteroscopy-guided 
self-expandable metal stents placement for  rescue 
palliation of malignant small-bowel obstruction 
with a technical success rate of 94.7 % [ 80 ]. 
Novel areas of innovation and potential applica-
tion include the use of endoscopic ultrasound for 
evaluation of SBTs. DAE-guided endoscopic 
ultrasonography offers adequate imaging and 
useful information on the wall structure and 

  Fig. 13.8    CTE with evidence of duodenal GIST       

  Fig. 13.9    CE fi nding of jejunal GIST       
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nature of the detected abnormalities in the deep 
parts of the small bowel. These high-resolution 
cross-sectional images of SBTs may be helpful in 
the differential diagnosis of these submucosal 
tumors [ 81 ,  82 ]. However, further large-scale 
patient population studies and prospective stud-
ies are needed to assess the impact of DAE on 
long-term outcomes in patients diagnosed with 
SBTs and to further defi ne its role in the diagno-
sis, management, and surveillance of treated 
tumors. In the majority of the studies, complete 
follow-up was not obtained as the patients fol-
lowing DAE were returned to the primary 
 referring institution or physician [ 66 ,  69 ]. 

 What is the contribution of radiology in this 
renewed and revolutionized panorama of small- 
bowel endoscopy? Barium enteroclysis has dem-
onstrated reasonable accuracy in the detection of 
SBTs and has until recently been the radiological 
option of choice. However, it is unable to assess 
the mural and extramural extent of the disease. 
Despite improvements in multidetector CT, con-
ventional CT scans detect only large-sized intes-
tinal tumors greater than 1.0 cm in diameter. On 
the other hand, CT enteroclysis/enterography 
(CTE) provides not only excellent images of the 
luminal side but also information about mesen-
tery, perienteric fat, lymph node status, and adja-
cent organs with 100 % sensitivity and 95 % 
specifi city. CTE can detect tumors that are only 
5 mm in diameter and the negative and positive 
predictive values for carcinoid tumor in patients 
with carcinoid symptoms were 100 and 94.7 %, 

respectively. CTE allows for the assessment of 
extraluminal disease and potential metastatic 
spread, and helps in preoperative staging [ 83 , 
 84 ]. MR enteroclysis/enterography (MRE) offers 
the advantage of soft tissue contrast and multipla-
nar imaging without radiation exposure. MRE is 
able to identify small-intestinal strictures, espe-
cially in tumors with intestinal obstruction, based 
on the signal difference generated by the intesti-
nal wall and luminal contrast agents, and shows 
very high overall diagnostic accuracy of 95 % for 
SBTs [ 85 ] (Fig.  13.10 ).    

    Small-Bowel Polyps and Polyposis 
Syndromes 

    Sporadic Duodenal Adenomas, 
Familial Adenomatous Polyposis 
(FAP), Peutz-Jeghers Syndrome (PJS), 
and Hamartomatous Polyps: Basic 
Outlines 

 Polyps of the small bowel are a rare entity com-
pared to polyps of the colon. They can be sessile 
or pedunculated and, according to histology, 
divided into infl ammatory, hyperplastic, hamarto-
matous, and adenomatous polyps. Hamartomatous 
polyps and adenomas may arise sporadically or be 
associated with polyposis syndromes. Small-
bowel polyps need to be correctly recognized and 
histopathologically defi ned for adequate manage-
ment, treatment, and follow-up [ 86 ]. 

  Fig. 13.10    NET at CTE ( a ) and at a MRE ( b ) showing soft tissue contrast       
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 The duodenum can easily be investigated with 
conventional upper GI endoscopy. Brunner gland 
hyperplasia is commonly seen in the context of 
peptic duodenitis, appearing as nodular duode-
nitis. In most cases no intervention is necessary 
but it may deserve treatment when causing prob-
lems such as hemorrhage, intestinal obstruction, 
intussusceptions, or is associated with suspicious 
lesions [ 87 ]. Sporadic duodenal adenomas are 
an uncommon incidental fi nding during upper 
GI endoscopy and are found in up to 5 % [ 88 ]. 
They are usually asymptomatic. Whenever possi-
ble, sporadic adenomas should be removed with 
endoscopic resection, which is preferred over 
surgical intervention [ 89 ]. There is no evidence 
to support surveillance endoscopy or regular 
follow- up of these lesions, especially in elderly 
patients or patients with relevant comorbidity 
[ 90 ]. However, there is accumulating data based 
on retrospective cohort or case-control studies, 
suggesting a clinically important association with 
colorectal neoplasia [ 91 ]. Colonoscopic assess-
ment is thus advisable in all patients diagnosed 
with sporadic duodenal adenomas [ 92 ]. The 
broad category of intestinal polyposis syndromes 
embraces familial adenomatous polyposis (FAP), 
as well as hamartomatous polyposis syndromes. 
The hamartomatous polyposis syndromes con-
sist mainly of Peutz-Jeghers syndrome (PJS), 
PTEN- associated hamartomatous syndromes 
(including Cowden syndrome and Bannayan-
Riley- Ruvalcaba syndrome [BRRS]), juvenile 
polyposis, Cronkhite-Canada syndrome, and 
hereditary-mixed polyposis syndrome (HMPS). 
The two most common inherited intestinal polyp-
osis syndromes are FAP and PJS [ 92 ]. As already 
mentioned, the clinically most relevant classifi ca-
tion of polyposis syndromes relies on the histo-
logical typing of polyps, which is crucial for their 
diagnostic work-up and further management. 

 FAP and its phenotypic variants are an auto-
somal dominant inherited disorder caused by 
germline mutations in the oncosuppressor ade-
nomatous polyposis coli (APC) gene, located 
on chromosome 5 (segment 5q21-q22). Classic 
FAP is characterized by the growth of hundreds 
to thousands of synchronous adenomatous pol-
yps throughout the large bowel during childhood 

and adolescence. There is virtually a 100 % life-
time risk of colorectal cancer (CRC) by the age 
of 40, requiring early prophylactic colectomy 
before the age of 25. Attenuated FAP (AFAP) is 
characterized by fewer polyps at presentation, 
with a tropism to the proximal colon, lower pen-
etration of cancer, and later onset of CRC [ 92 ]. 
Most polyposis syndromes share intestinal extra-
colonic and extraintestinal features. Besides 
colon cancer, FAP patients exhibit a higher risk 
of developing small- bowel adenomas and carci-
nomas, especially in the duodenum, and periam-
pullary region. Adenomas in the duodenum can 
be found in 50–90 % of cases, with a lifetime 
risk of duodenal cancer up to 5 %, as highlighted 
by three prospective studies on duodenum sur-
veillance [ 93 – 95 ]. Not unusual is the develop-
ment of ileal pouch adenomas and even cancer 
after proctocolectomy, correlating with duodenal 
polyposis and with mutations involving exon 15 
of the APC gene [ 96 ]. 

 The polyposis associated with the mutation of 
the gene MUTYH (MUTYH-associated polypo-
sis [MAP]), located on chromosome 1, is a reces-
sive autosomal condition. The clinical 
presentation is usually similar to AFAP, but the 
condition can also mimic classic FAP. Data 
regarding intestinal extracolonic tumors are 
scarce: duodenal polyposis seems to be less fre-
quent (reported in up to 17 % of patients) and the 
risk of developing a duodenal cancer is unknown 
[ 97 ]. To date, given the predominant descriptive 
and retrospective studies, guidelines for the man-
agement of FAP and MAP patients are mainly 
based on expert opinion recommendations [ 98 ] 
in which the clinical usefulness of a systematic 
small-bowel screening and surveillance program 
has yet to be determined. Current guidelines rec-
ommend scheduled standard upper endoscopic 
surveillance in relation to the Spigelman classifi -
cation to investigate the duodenal polyposis, 
though there is no consensus at which age to 
start. Based on expert opinion it is advisable to 
start between the ages of 25 and 30 [ 98 ]. 
Furthermore, current guidelines suggest endo-
scopic follow-up of the remnant rectum after col-
ectomy with ileorectal anastomosis and of the 
pouch after proctocolectomy with ileal pouch- 
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anal anastomosis respectively at 3- to 6-month 
and 6- to 12-month intervals [ 98 ]. 

 Peutz-Jeghers is an autosomal dominant 
inherited polyposis disorder most frequently (80–
90 % of cases) arising from a germline mutation 
of the serine/threonine kinases gene (STK11), 
located on chromosome 19 (segment 19p13.3). 
This disorder is characterized by characteristic 
hamartomatous gastrointestinal polyps, mainly 
involving the small bowel (60–90 %), in associa-
tion with mucocutaneous pigmentation. The nat-
ural history of the disease is associated with 
repeated polyp-related complications, consisting 
of intussusception, obstruction, or bleeding, often 
requiring endoscopic polypectomy or surgical 
resection [ 99 ,  100 ]. The overall risk of develop-
ing a cancer at any site is signifi cantly high, with 
an estimated 15-fold increased risk compared to 
the general population, as reported by Giardiello 
et al. in a meta-analysis involving 210 patients 
from 79 families with PJS [ 101 ]. Specifi cally, 
PJS patients are at risk of developing stomach, 
small bowel, colon, pancreas, and breast cancer, 
due the hamartomatous polyps harboring adeno-
matous dysplastic foci, as observed in 3–6 % of 
the removed hamartomas. Lifetime incidence for 
small-bowel cancer reaches 13 %. The increased 
risk for cancer is age dependent and moreover the 
risk exponentially increases after the age of 50 
[ 101 – 103 ]. The small-bowel tropism of Peutz- 
Jeghers polyps makes their detection and treat-
ment a challenging issue. Current guidelines 
recommend scheduled small-bowel surveillance 
with CE or MR imaging, and endoscopic clear-
ance of sizeable polyps given their potential for 
development of cancer and intestinal obstruction 
[ 104 ]. Surveillance should be initiated at 8 years 
of age or earlier if the patient is symptomatic and 
continued every 3 years if polyps are detected at 
the index examination. If few or no polyps are 
found at the initial examination, screening should 
start again at the age of 18. 

 Among the disorders predisposing to small- 
bowel cancer, Lynch syndrome must also be 
mentioned, due to germline mutations in one of 
the mismatch repair genes. The lifetime risk of 
developing small-bowel cancer is estimated to be 
around 4 %. However, little is known about prev-

alence and natural history of these tumors and 
surveillance in this subset of patients is not yet 
recommended [ 105 ]. In a recent prospective 
series of 35 patients with Lynch syndrome under-
going CE and CTE, CE diagnosed a histologi-
cally confi rmed cancer in 8.6 % of cases, 
compared to CTE that missed all but one neopla-
sia [ 106 ]. Despite these promising results, to date 
the usefulness and cost-effectiveness of small- 
bowel screening has not been confi rmed.  

    Outcome and Results in the  Old  
and  New  Era of Endoscopy 
and Radiology 

    Familial Adenomatous Polyposis 
 Prophylactic colectomy has greatly improved life 
expectancy for FAP patients and disease-related 
morbidity and mortality causes shifted from CRC 
to duodenal and ampullary adenocarcinomas and 
to extraintestinal manifestations such as desmoid 
tumors [ 107 ]. Lifetime risk to develop duodenal 
adenomatosis (Fig.  13.11 ) is 100 %, with an 
increasing severity with aging [ 93 ]. The severity 
of duodenal polyposis is rated according to the 
classifi cation derived by Spigelman and describes 
fi ve stages from 0 to IV, based on polyp number, 
size, histology, and degree of dysplasia [ 95 ,  108 ]. 
Aging of subjects is a determinant factor for pro-
gression of duodenal adenomatosis. On the other 

  Fig. 13.11    Large duodenal adenomatous polyp in FAP       
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hand, technical improvements in endoscopic 
imaging as well contribute to explaining the pro-
gression in Spigelman stages, from low to high 
stages, that has been recorded over the past years 
[ 109 ]. However, the progressive duodenal and 
periampullary polyposis with advancing age 
remains a relatively slow process [ 109 – 111 ], as is 
the progression to cancer. The lifetime risk of 
developing duodenal cancer is estimated to be 
approximately 5 % in most series. The current 
guidelines recommend surveillance of the duode-
num with a side-viewing endoscope, to allow 
detailed inspection of the papilla, and a forward- 
viewing instrument, at intervals dictated by the 
Spigelman stage [ 98 ]. It has been demonstrated 
that the higher the Spigelman stage, the higher 
the risk of small-bowel adenocarcinomas, with a 
lifetime risk up to 7–36 % in patients with 
Spigelman stage III and IV, over follow-up peri-
ods of 7–10 years [ 93 ,  94 ].  

 Endoscopic treatment of duodenal and ampul-
lary adenomas is a crucial aspect of the care of 
FAP patients. With regard to their endoscopic 
appearance, small-bowel FAP adenomas appear 
like nonpolypoid, crackled, whitish plaques, or 
fl at lesions, at times coalescing to produce a 
carpet- like change of the mucosal surface. Even 
normal-appearing duodenal mucosa may harbor 
adenomatous dysplastic tissue. High-defi nition, 
high-resolution white light imaging, combined 
with dye spraying or virtual chromoendoscopy, 
such as NBI or FICE, may help to better demar-
cate these lesions and improve detection [ 112 , 
 113 ]. The main current therapeutic option is 
endoscopic snare resection, when polyps are 
amenable to endoscopic treatment. Often duode-
nal FAP adenomas are numerous (Fig.  13.12 ), 
and not all polyps can be removed. On the basis 
of expert opinion, patients with few small adeno-
mas may undergo follow-up without endoscopic 
treatment, whereas patients with Spigelman stage 
III and IV should undergo endoscopic treatment 
with removal of signifi cant polyps larger than 
1 cm or those with high-grade dysplasia. Intensive 
surveillance and early treatment may delay the 
need for major duodenal-pancreatic surgery and 
its potential detrimental effects as well as lead to 
a reduction in duodenal cancer mortality [ 98 ].  

 Endoscopic treatment of these adenomas is 
feasible, but challenging, given their fl at mor-
phology and associated high overall complica-
tion rates (17 %) consisting of bleeding, 
perforation, and pancreatitis [ 114 ]. Moreover, 
long-term outcome results show a high- 
recurrence rate. According to the available data 
on outcome following endoscopic treatment, 
recurrence rates exceeding 50 % are not unusual 
[ 114 ]. Similarly, a high rate of recurrent adeno-
mas after duodenectomy of 78 % at a mean fol-
low- up period of 46 months has been recently 
reported [ 115 ]. These data support the argument 
for an intensive surveillance program even after 
endoscopic or surgical treatment. Trying to reach 
the neopapilla after duodenectomy might be dif-
fi cult but the use of a balloon enteroscope may 
facilitate this. 

 With regard to adenomas occurring in the 
pouch, afferent loop, or rectal cuff/anal tran-
sitional zone, endoscopic surveillance using 
indigo-carmine chromoendoscopy is recom-
mended [ 113 ,  116 ] and endoscopic resection of 
polyps larger than 1 cm or those with high-grade 
dysplasia is recommended [ 117 ]. Pediatric colo-
noscopes or gastroscopes may be used for this 
purpose as well. In patients with extensive pouch 
polyposis not amenable to endoscopic clearance, 
or where endoscopic surveillance is not practical, 
pouch excision and terminal ileostomy should 

  Fig. 13.12    Duodenal polyposis in FAP       

 

A. Bizzotto et al.



189

seriously be considered [ 113 ]. The advent of CE 
has changed the approach to small-bowel dis-
eases and has expanded the armamentarium of 
small-bowel investigation tools. CE, however, 
cannot replace standard endoscopy in the sur-
veillance of the duodenum. CE is diagnostically 
inferior to standard endoscopy with regard to the 
ampullary region [ 118 ] and the second part of the 
duodenum, revealing a 92 % rate of sensitivity for 
duodenal polyps when compared to conventional 
upper GI endoscopy and duodenoscopy [ 31 ,  32 ]. 
Moreover reaching the ligament of Treitz with a 
forward-viewing endoscope is feasible. 

 Little is known about the incidence and clini-
cal signifi cance of adenomatous polyps of the 
jejunum and ileum in FAP patients (Fig.  13.13 ). 
Studies using CE [ 31 ,  96 ,  119 ], push enteroscopy 
[ 118 ], balloon-assisted enteroscopy [ 120 ], and 
radiological imaging [ 121 – 123 ] have revealed 
that jejunal and ileal polyps frequently occur in 
FAP patients, especially in those with extensive 
duodenal polyposis. Recent reports show a preva-
lence of small-bowel adenomas distal to the duo-
denum of 75 % [ 124 ] and furthermore corroborate 
the postulated segregation of mutations at exon 
15 of the APC gene with a jejunal polyposis phe-
notype [ 112 ,  124 ]. Adenomas usually do not 
occur alone. Isolated distal jejunal or ileal polyps 
are extremely rare (3 %) [ 31 ]. A prospective 

study by Schulmann et al. [ 31 ] of 29 FAP patients 
demonstrated jejunum and/or ileal adenomas in 
59 % (17/29) of patients investigated with both 
CE and push enteroscopy. The incidence of jeju-
nal and ileal polyps was higher in patients having 
established duodenal adenomas (16/21 = 76 %) in 
contrast with patients without duodenal polypo-
sis (1/8 = 12 %). All but one patient with distal 
jejunum/ileal polyps had proximal polyps as 
well. Proximal polyps were visualized by PE as 
well as CE, and were signifi cantly associated 
with the presence and severity of duodenal pol-
yposis, while distal jejunal and ileal polyps, 
being beyond the accessibility of push enteros-
copy, were detected only by CE. This study 
showed that CE was as effective as PE in detect-
ing proximal jejunum polyps, in contrast with the 
analysis of Wong et al. [ 118 ] where the authors 
found PE more accurate than CE in detecting 
adenomas and determining their size. 
Furthermore, Schulz et al. [ 96 ] proved the simul-
taneous occurrence of adenomas in the pouch 
and small intestine after proctocolectomy. On the 
basis of these fi ndings, the authors recommend 
CE or even DAE for follow-up examinations 
when pouch adenomas occur. As for their endo-
scopic appearance, deep small-bowel polyps 
exhibit all the same macroscopic features as duo-
denal or pouch polyps. Nevertheless, the clinical 
relevance of small-bowel polyps beyond the duo-
denum is to date not clearly understood. The cur-
rent evidence does not warrant a generalized 
screening examination of the deep small bowel. 
Jejunal cancers have been reported but are rare 
[ 125 ]. This suggests that clinically signifi cant 
jejunal or ileal polyps are extremely rare [ 126 ], 
even in high-risk patients with advanced duode-
nal disease, as corroborated by a recent prospec-
tive DAE evaluation of jejunal polyposis in a 
Dutch series [ 120 ]. Perhaps, patients with 
Spigelman stage III–IV duodenal polyposis [ 119 ] 
or patients with specifi c mutations (mutations in 
exon 15 of the APC gene) [ 71 ] might benefi t 
from a more thorough small-bowel investigation. 
Some authors, in fact, suggest CE or DAE to be 
performed in these settings [ 119 ,  127 ]. Genetic 
testing might be of help to select patients for a 
small-bowel investigation [ 71 ,  127 ]. Finally, 

  Fig. 13.13    CE fi nding of multiple ileal polyps in FAP       
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patients who are candidates for duodenectomy 
might benefi t from a preoperative small-bowel 
endoscopic screening examination, to ensure 
subsequent surgical reconstruction with a “polyp 
free” jejunal loop [ 120 ], as well as after duode-
nectomy to screen for recurrence of adenomatous 
polyps [ 115 ].  

 CE is a safe procedure in polyposis patients. 
Prior abdominal surgery is not an absolute con-
traindication to CE [ 116 ]. Though CE fails to 
precisely localize the polyps, and polyp size is 
generally poorly estimated on CE, comparative 
studies demonstrated the superiority of CE com-
pared to MR imaging and SBFT in patients with 
intestinal polyposis [ 121 – 123 ]. CE has shown to 
be more accurate than MR imaging in detecting 
small polyps, while for polyps larger than 
15 mm, detection rates are similar [ 122 ]. One 
small study using DBE and intraoperative enter-
oscopy (IOE) to evaluate 41 patients with FAP 
suggested that DBE is of equivalent value for 
evaluation of the small-bowel adenomas [ 124 ]. 
Successful and safe deep intubation with DAE, 
as well as polypectomy and argon plasma coagu-
lation have been described in FAP patients [ 71 , 
 112 ,  128 ]. CE and DAE should play a comple-
mentary role in any diagnostic algorithm where 
CE is used to detect the polyps and to further 
guide future management, allowing DAE to 
safely achieve targeted interventional maneu-
vers. To our knowledge, no studies have assessed 
long-term outcomes or directly compared CE 
with DAE in FAP patients. 

 In an ongoing prospective Italian multicenter 
research trial, the diagnostic and prognostic val-
ues of CE compared to DAE are being assessed 
in patients with both FAP and PJS [ 129 ]. To date 
16 patients (10 patients with FAP and 6 with PJS) 
have been enrolled; 14 patients have previously 
undergone intestinal surgery. CE was performed 
in all patients. DAE was performed within 6 
months after CE. All patients had antegrade DAE 
except for two. The maximum mean insertion 
depth was 300 cm for the oral route and 68 cm 
from the anal/ileostomy insertion route. Based on 
the available data, it suggests that CE and DAE 
share a comparable detection capability for 
small-bowel lesions, including polyps. The kappa 

agreement on lesion detection seems to be good 
between the two techniques—k: 0.54 p: 0.01 for 
duodenum, k: 0.58 p: 0.009 for ileum and k 
(adjusted for prevalence), 0.63 p: 0.6 for jeju-
num. However, it is important to note that in this 
subset of patients, postsurgical anatomic status 
considerably restricts the potential to achieve 
total deep enteroscopy, even though the majority 
of the lesions appear to be very proximally or 
very distally located, within the reach of DAE for 
therapeutic interventions. 

 Though radiology has a minor role in FAP 
as compared to PJS, CT scanning and moreover 
MR imaging still play an important role in these 
patients, with regard to detection and surveil-
lance of desmoid tumors, a benign prolifera-
tive disease of fi brous tissue origin. Abdominal 
desmoid tumors are the third major cause of 
mortality and morbidity in FAP, their incidence 
ranging between 7 and 17 % during a lifetime. 
In FAP patients suspected or known to have 
abdominal desmoid tumors, abdominal CT and 
MR imaging are performed to detect the tumor, 
to measure its extent and to rule out signifi -
cant small-bowel obstruction [ 107 ,  130 ,  131 ]. 
MR imaging provides additional information 
on tumor activity [ 130 ,  131 ]. Desmoid tumors 
are histologically benign and nonmetastasizing 
but locally aggressive and infi ltrative and may 
lead to death when invading vital structures. 
Mesenteric desmoid tumors may cause small-
bowel obstruction or other life-threatening com-
plications such as ischemia, hydronephrosis, or 
the formation of fi stulas. In this setting, given 
the risk of entrapment, CE has to be performed 
with caution, only after signifi cant small-bowel 
obstruction has been ruled out. Surgical trauma 
is a trigger in the development of desmoid 
tumors and the approach should be conservative 
with surgery limited to life-threatening com-
plications, since recurrence rates after debulk-
ing are reported as high as 75–85 % [ 107 ,  131 ]. 
Follow-up MR imaging of desmoids indicates 
more aggressive behavior of recurrences [ 132 ]. 
Early radiological detection of these desmoids 
with CT and MR imaging may facilitate a con-
servative medical approach, avoiding surgery 
[ 31 ,  107 ].  
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    Peutz-Jeghers Syndrome  
 Polyps in PJS are often pedunculated (Fig.  13.14 ), 
with a characteristic histological pattern of 
smooth muscle arborisation [ 100 ], and become 
clinically signifi cant at young ages. The risk of 
intussusception at the age of 20 is 50 %    [ 133 ]. A 
survey of adults with PJS found that by the age of 
10 years, 30 % had undergone laparotomy and 
68 % of adults had required laparotomy by the age 
of 18—70 % in an emergency setting [ 133 ]. In 
light of this, the primary goal of small-bowel sur-
veillance is the detection of signifi cant polyps and 
performing polypectomy before symptoms 
develop (Video  13.4 ). Such an approach will help 
prevent bleeding from ulcerated or infarcted pol-
yps, intussusceptions, obviate the need for urgent 
laparotomy, and hopefully lengthen the disease- 
free interval [ 134 ]. All symptomatic or signifi cant 
polyps (>10–15 mm) should be removed [ 135 ]. 
This avoids the risk of multiple enterotomies or 
small-bowel resections leading to short- bowel 
syndrome. In addition, given the increased risk for 
small-bowel cancer (13 % lifetime risk, corre-
sponding to a relative risk 520 times that of the 
general population) [ 101 ], surveillance  programs 
and polyp removal with advancing age should 
lead to early detection of precancerous lesions 
and cancer [ 136 ]. Before the introduction of the 
recently developed advanced endoscopy tech-
niques, these deep small-bowel polyps required 

surgical removal, except for the more proximal 
that could be removed by PE and IOE [ 135 ,  137 , 
 138 ]. In fact, diagnosis and surveillance mainly 
relied on small-bowel barium radiographs [ 137 ].  

 PJS is a disease where CE and DAE best exhibit 
their diagnostic and/or therapeutic strength. 
Since the fi rst reports following its advent, CE 
showed its usefulness in the management of these 
patients. CE immediately proved more effective 
than barium radiograph in detecting these polyps, 
with an 80 % detection rate and a positive impact 
in changing the management in 40 % of patients, 
leading to IOE with surgical and endoscopic 
polypectomy [ 135 ]. This confi rmed its role as a 
diagnostic strategic tool for the investigation of 
symptoms and the surveillance of the small bowel 
in PJS. Signifi cant polyps are commonly detected 
by CE in PJS (Figs.  13.15  and  13.16 ), with higher 
accuracy than SBFT, enteroclysis, and PE [ 119 , 
 121 ,  139 ] and lead to change in management in 
up to 50 % of subjects [ 131 ,  135 ]. PE is limited 
to the proximal jejunum, whereas these polyps 
are  distributed throughout the entire small bowel. 
The evidence suggests that CE is comparable to 
MR imaging for the detection of large (>15 mm) 
polyps, while smaller, fl atter polyps are seen 
more often with the capsule [ 122 ]. The limitation 
to CE seems to be that it is less reliable for accu-
rately sizing and locating the detected polyps 

  Fig. 13.14    Enteroscopic image of polyp with stalk in PJS       

  Fig. 13.15    CE fi nding of a stalked polyp in PJS       
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[ 122 ,  139 ]. Examples of CE for polyp surveil-
lance in PJS are shown in Figs.  13.17  and  13.18 . 
Schulmann et al. [ 31 ] reported on 11 patients and 
an immediate impact on further clinical manage-
ment according to CE fi ndings. They suggested 
CE as the fi rst-line surveillance procedure.     

 Current guidelines propose routine small- 
bowel surveillance using CE or MR enterography 
(or still SBFT, except for children) as reasonable 
techniques, followed by endoscopic clearance of 
sizeable polyps to prevent polyp-related com-
plications [ 104 ]. DAE allows endoscopic treat-
ment using standard snare polypectomy, whilst 
its use as a method of small-bowel surveillance 
in PJS is not supported by the current evidence 
[ 104 ]. However, in specifi c cases (i.e., in symp-
tomatic patients in whom the diagnostic yield of 
signifi cant polyps appears to be high) balloon-
assisted enteroscopy may be considered as the 
fi rst- diagnostic modality, as stated in the ESGE 
guidelines on fl exible enteroscopy for small-
bowel diseases [ 47 ]. 

 DAE has been shown to be effective and safe 
for therapeutic purposes in adults [ 140 – 145 ] 
as well as in children [ 146 ], even in patients 
with a history of extensive abdominal surgery. 
Endoscopic resection of polyps is feasible even 
in cases of numerous or large polyps ≥3 cm, 
with success rates reaching 96 % [ 140 – 145 ]. 

Complications—including bleeding, perfora-
tion, acute pancreatitis, and postpolypectomy 
syndrome—may occur but rates in the reported 
series range from 0 % [ 142 ,  144 ] to 7 % [ 141 , 
 143 ,  145 ]. The overall complication rate of endo-
scopic therapeutic interventions in the small 
bowel using the DBE device is approximately 
3 %. It appears that polypectomy of large pol-
yps ≥3 cm is associated with the highest risk (up 
to 10 %) and requires signifi cant technical skills 

  Fig. 13.16    CE fi nding of a stalked polyp in PJS         Fig. 13.17    CE fi nding of multiple polyps in PJS       

  Fig. 13.18    CE fi nding of multiple polyps in PJS       
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and specifi c precautions, such as prior injection 
and lift of diluted epinephrine-saline solution 
with piecemeal resection [ 147 ]. Polypectomy 
should ideally be performed when PJS polyps 
are relatively small, thereby avoiding the techni-
cally more diffi cult endoscopic resection of large 
polyps at a later stage [ 140 ]. There are studies 
to show that PJS polyps as large as 5–6 cm have 
been successfully treated during DAE [ 141 ,  144 , 
 145 ]. If large polyps are endoscopically resected, 
surgical backup is advisable. Given the high 
risk of perforation, polyps that are bulky, locally 
concentrated in large numbers, invaginated, and 
thick-stalked with serosal retraction into the stalk 
should not be addressed by polypectomy, even 
if performed during surgery, but should be sur-
gically removed [ 148 ]. Though, some authors 
recommend DAE for simultaneous diagnosis and 
treatment of small-bowel polyps in PJS [ 144 ] the 
majority of centers use CE and/or MR enterogra-
phy as the fi rst-diagnostic tool, followed by a tar-
geted DAE procedure for therapeutic purposes.         
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Video Legends
Video 13.1 - Endoscopic biopsy of a large jejunal 
melanoma.
Video 13.2 - Very large jejunal polyp on DAE in 
a patient referred for OGIB.
Video 13.3 - Demonstration of endoscopic mark-
ing of SBT.
Video 13.4 - DAE with multiple endoscopic poly-
pectomies in PJS.
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           Postoperative Anatomy 

 The advanced endoscopist performing balloon 
enteroscopy has to be well acquainted with the 
postoperative anatomy. Understanding the differ-
ent types of small bowel reconstructions will help 
the endoscopist troubleshoot any diffi culties that 
arise from altered anatomy while performing 
enteroscopy. 

 Before starting the procedure, it is important 
to fi rst get as much information as possible about 
the underlying postsurgical anatomy of your 
patient [ 1 ]. Ideally, the endoscopist should review 
the surgical report to determine what type of sur-
gery was done, how much bowel has been 
resected, how long were the limbs, and what type 
of anastomosis was made. If not available, then 
the review of existing abdominal imaging poste-
rior to the surgery (e.g., computed tomography or 
magnetic resonance enterography, small bowel 

follow-through) might provide valuable informa-
tion and be a road map before the endoscopy. 

 Before reviewing the most common postop-
erative anatomies encountered during small 
bowel enteroscopy, it is important to defi ne the 
two main types of anastomoses: end-to-side and 
side-to-side. The type of anastomosis would 
depend on the method used to reconnect the 
bowel, for hand-sewn end-to-side and for stapled 
side-to-side. 

 End-to-side, also known as terminolateral 
anastomosis, is usually seen after laparotomy 
hand-sewn small bowel anastomosis (Fig.  14.1 ). 
In this situation, the endoscopist will encounter 
two openings (Fig.  14.2 , Video  14.1 ). Side-to- 
side (Fig.  14.3 ), also known as laterolateral anas-
tomosis, is commonly seen after laparoscopic 
stapled small bowel anastomosis. In this situa-
tion, the endoscopist will encounter three stomal 
openings (Video  14.2 ).    

 From an endoscopic view, it can be challeng-
ing to determine between the lumens of the anas-
tomosed limbs. Usually the presence of a scar 
can aid with distinguishing between them. The 
efferent limb (limb used to reach the anastomo-
sis) will have an intact mucosa on the contralat-
eral portion of the small bowel wall to the 
anastomosis. This is different from the afferent 
limb, which would have a circumferential scar 
around the opening of the stoma. Therefore as a 
rule, to intubate the afferent limb, the anastomo-
sis scar rim must be trespassed [ 2 ]. Careful 
observation of the peristaltic wave can also be 
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useful to differentiate between limbs. The effer-
ent limb will have a peristalsis wave that will 
move away from the endoscope (natural down-

stream peristalsis), but the afferent limb will 
have a peristaltic wave that would move toward 
the endoscope, which is also known as antiperi-
stalsis (Video  14.3 ). In spite of these distinc-
tions, the limbs are not always distinguishable, 
and in these cases the endoscopist will have to 
rely on fl uoroscopic guidance to confi rm the 
direction toward the desired quadrant (e.g., right 
upper quadrant if in need to reach the papilla on 
a Billroth II patient), or they will need to advance 
the scope as far as possible. If this latter strategy 
is followed, then we recommend marking the 
mucosa (e.g., biopsy or tattoo) of the limb to be 
examined. This might save time later upon with-
drawal of the scope back to the anastomosis, as 
the scope can commonly fall back briskly upon 
withdrawal due to bowel fi xation and angulation 
at the level of the anastomosis. If the limbs’ 
openings are not clearly distinguishable (e.g., 
biopsy or tattoo), it can be diffi cult to determine 
which was the limb recently examined. 

  Fig. 14.1    End-to-side jejunoileal bypass. Reprinted with 
permission from Chousleb E, Rodriguez JA, O’Leary 
JP. Chapter 3. History of the Development of Metabolic/
Bariatric Surgery. In: Nguyen NT, Rosenthal R, Ponce J, 
Morton J, Blackstone R (eds). The ASMBS Textbook of 
Bariatric Surgery, Vol. 1. New York, NY: Springer. 2014       

  Fig. 14.2    Endoscopic view of an end-to-side anastomo-
sis. Notice there are two stomal lumens       

  Fig. 14.3    Small bowel side-to-side anastomosis. 
Reprinted with permission from Chousleb E, Rodriguez 
JA, O’Leary JP. Chapter 3. History of the Development of 
Metabolic/Bariatric Surgery. In: Nguyen NT, Rosenthal 
R, Ponce J, Morton J, Blackstone R (eds). The ASMBS 
Textbook of Bariatric Surgery, Vol. 1. New York, NY: 
Springer. 2014       
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    Billroth I 

 In Billroth I, the distal stomach is resected and 
the remaining stomach is anastomosed to the 
duodenum (Fig.  14.4 ) [ 1 ]. The endoscopist will 
encounter an intact esophagus and GEJ. The 
length of the stomach would vary depending on 
the extent of gastric resection. The endoscopist 
will fi nd the anastomosis by following the greater 
curvature of the stomach. The bulb might be 
small or not present at all, and the duodenum will 
typically appear straightened [ 1 ].   

    Billroth II 

 In Billroth II, the distal stomach and fi rst portion 
of the duodenum are resected. Different to a 
Billroth I, the duodenal stump is closed and instead 
the stomach is anastomosed to the jejunum in an 
end-to-side fashion, creating a gastrojejunostomy 
with two stomas—one each leading to the efferent 
and afferent limbs (Fig.  14.5  [ 1 ], Video  14.4 ). To 
reach the major papilla, the afferent limb should be 
intubated. The afferent limb will end as a blind 

stump. The presence of bile and fl uoroscopic 
confi rmation of the direction of the scope toward 
the right upper quadrant or to cholecystectomy 
clips can help confi rm the scope is within the 
afferent limb.   

    Braun Anastomosis 

 This is a side-to-side jejunojejunal anastomosis 
commonly seen during Billroth II reconstruction 
to divert bile from the gastric remnant by creating 
an anastomosis between both the efferent and 
afferent limbs (Fig.  14.6 ) [ 1 ].This means that the 
endoscopist would encounter a side-to-side anas-
tomosis after intubating either opening of the 
gastrojejunal anastomosis. This Braun anastomo-
sis is approximately 15 cm from the gastrojejunal 
anastomosis [ 1 ].   

  Fig. 14.4    Billroth I anastomosis diagram. Reprinted with 
permission Feitoza AB, Baron TH. Endoscopy and ERCP in 
the setting of previous upper GI tract surgery. Part II: post-
surgical anatomy with alteration of the pancreaticobiliary 
tree.  Gastrointestinal endoscopy . Jan 2002;55(1):75–79         Fig. 14.5    Billroth II anastomosis diagram. Reprinted 

with permission Feitoza AB, Baron TH. Endoscopy and 
ERCP in the setting of previous upper GI tract surgery. 
Part II: postsurgical anatomy with alteration of the pancre-
aticobiliary tree.  Gastrointestinal endoscopy . Jan 2002;
55(1):75–79       
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    Roux-en-Y Gastrojejunal Bypass 

 Roux-en-Y gastrojejunal bypass (RYGB) can be 
performed with gastrectomy (e.g., gastric cancer) 
or without gastrectomy (e.g., gastric bypass for 
weight loss) (Fig.  14.7 ). With either gastric 
bypass or partial distal gastrectomies, the endos-
copist will encounter a normal esophagus and 
normal gastroesophageal junction. The gastric 
pouch will be connected distally to the jejunum 
in an end-to-side anastomosis. If the RYGB was 
performed for weight loss, the gastric pouch 
would be signifi cantly smaller and will have a 
suture line or scar laterally [ 3 ]. This gastrojejunal 
anastomosis can have a length of 10–12 cm and 
will commonly have two small bowel limbs: a 
short blind limb and the efferent or Roux jejunal 
limb (Video  14.5 ) [ 3 ]. The length of the Roux 
limb can vary between 50 and 150 cm, with lon-
ger limbs used for weight loss surgeries and 
shorter ones for gastrectomy patients [ 3 ]. At the 

end of the Roux limb, the endoscopists will fi nd a 
jejunojejunal anastomosis. If the Roux-en-Y was 
performed for gastric bypass, the afferent limb 
will lead to the papilla and the stomach remnant 
can be entered in a retrograde fashion through an 
intact pylorus (Video  14.5 ). In a gastrectomy 
with Roux-en-Y, the limb will end in a blind 
stump similar to that seen on Billroth II 
anastomosis.   

    Biliopancreatic Diversion 
with Duodenal Switch 

 A biliopancreatic diversion with a duodenal 
switch consists of a partial gastrectomy (vertical 
sleeve gastrectomy) with preservation of the dis-
tal antrum, pylorus, and duodenal bulb; transec-
tion of the small bowel approximately half way 
between the ligament of Treitz and the ileocecal 
valve; and two enteroentero anastomoses—one 

  Fig. 14.6    Braun anastomosis diagram. Reprinted with per-
mission Feitoza AB, Baron TH. Endoscopy and ERCP in 
the setting of previous upper GI tract surgery. Part II: post-
surgical anatomy with alteration of the pancreaticobiliary 
tree.  Gastrointestinal endoscopy . Jan 2002;55(1):75–79       

  Fig. 14.7    Roux-en-Y limb for gastrojejunostomy. 
Reprinted with permission from Chousleb E, Rodriguez 
JA, O’Leary JP. Chapter 3. History of the Development of 
Metabolic/Bariatric Surgery. In: Nguyen NT, Rosenthal 
R, Ponce J, Morton J, Blackstone R (eds). The ASMBS 
Textbook of Bariatric Surgery, Vol. 1. New York, NY: 
Springer. 2014       
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between the duodenal bulb and the limb attached 
to the ileocecal valve (also known as the alimen-
tary limb) and the second between the limb 
attached to the papilla (also known as the bilio-
pancreatic limb) and the alimentary limb 
(Fig.  14.8 ) [ 4 ].  

 The endoscopist will encounter a normal 
esophagus and GEJ and then will fi nd a stomach 
with a vertical sleeve gastrectomy. This means 
the lesser curvature will be intact and there will 
be a long vertical scar on the contralateral wall. 
The stomach would have a tubular shape but will 
have a preserved pylorus. Once the pylorus is 
transverse, the endoscopist will encounter the 
duodenal bulb and, soon after, an anastomosis 
with the alimentary limb. If the endoscopist con-
tinues down the alimentary limb, the endoscopist 
will reach a second enteroentero anastomosis. 
This anastomosis will have two open stomas: one 
into the biliopancreatic limb and the other into 
the common channel. Distal to the anastomosis 

into the common channel limb, the endoscopist 
will reach the ileocecal valve. If the papilla 
needs to be reached, the biliopancreatic limb 
will have to be intubated. This limb is consider-
ably longer when compared to Roux-en-Y gas-
trojejunal bypass.   

    Placement of Percutaneous 
Endoscopic Jejunostomy 

 Percutaneous endoscopic jejunostomy (PEJ) 
allows placement of a feeding tube directly into 
the jejunum. PEJ is an alternative to other direct 
methods of jejunal access, such as interventional 
radiology jejunostomy (IR-J) or surgical jejunos-
tomy (SJ), and to the more commonly used tech-
nique for jejunal feedings, percutaneous 
endoscopic gastrostomy (PEG) tube with jejunal 
extension (PEG-J) [ 5 ]. There is no head-to-head 
study comparing these four techniques, but a 
recent review by Murphy et al. [ 6 ] summarizes 
the outcomes, adverse events, and reintervention 
rates published to date between these techniques 
(Table  14.1 ). PEJ allows jejunal access without 
the morbidities of surgery, but it does require 
sedation and in some cases general anesthesia, 
which is a disadvantage when compared to IR-J.

   The most common indications for PEJ is the 
need for jejunal feedings due to previously 
failed PEG-J, previous gastrectomy, gastropare-
sis, recurrent aspiration, dysphagia, or poor 
nutritional status in patients with expected 
future foregut surgery (e.g., esophageal or gas-
tric cancer resection) precluding PEG place-
ment and gastric outlet or proximal small bowel 
obstruction [ 5 ]. 

 The relative and absolute contraindications are 
similar to PEG. Absolute contraindications 
include uncorrected coagulopathy, thrombocyto-
penia or tense ascites, small bowel obstruction 
precluding distal scope passage, or intra- 
abdominal sepsis. Relative contraindications 
include obesity, small bowel dysmotility, eating 
disorders, functional nausea, vomiting, or abdom-
inal pain. If it is uncertain that enteral feedings 
will be tolerated, a trial of nasojejunal feeding 
before PEJ placement can be considered [ 6 ]. 

  Fig. 14.8    Biliopancreatic diversion with duodenal switch 
diagram. From Decker GA, Swain JM, Crowell MD, 
Scolapio JS. Gastrointestinal and nutritional complica-
tions after bariatric surgery. Am J Gastroenterol 
2007;102:2571–80. Used with permission of Mayo 
Foundation for Medical Education and Research, all 
rights reserved       
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    Placement Technique 

 PEJ placement uses the same principles and tech-
nique as a PEG placed by the pull technique [ 6 ]. 
Likewise, the use of an aseptic sterile technique 
and periprocedural antibiotics is recommended. 
To reach the jejunum, push enteroscopy with a 
pediatric colonoscope has been used most fre-
quently, but there are also reports using balloon- 
assisted enteroscopy [ 7 ,  8 ]. 

 Once the endoscope is advanced beyond the 
ligament of Treitz, the puncture site is selected by 
a combination of transillumination and fi nger 
indentation. If these two techniques fail to iden-
tify a clear window for needle puncture, one can 
consider the use of fl uoroscopy [ 9 ], a long 15 cm 
needle [ 10 ], magnetic anchor [ 11 ], and/or trans-
abdominal ultrasound guidance [ 12 ] as aids for 
successful bowel needle puncture:
    1.    After application of lidocaine within the 

desired needle tract, the needle is advanced 
with constant negative pressure suction until 
simultaneously air is aspirated and the nee-
dle is visualized within the lumen of the jeju-
num. If only air is suctioned and the needle is 
not visualized, then this suggests that the 
needle has entered another loop of bowel or 
hollow viscera at which point, the needle 
should be removed and a new puncture site 
selected.   

   2.    The endoscopist will need to immediately 
secure the needle with a snare to avoid migra-
tion of the loop of bowel away from the 
abdominal wall (Fig.  14.9 ) [ 8 ]. This step is the 
major difference with conventional PEG 

placement. The use of antispasmodics to 
reduce small bowel peristalsis has also been 
suggested as an aid to prevent migration of the 
small bowel [ 6 ].    

   3.    A small incision is then made with a scalpel 
on the skin and subcutaneous tissue, which is 
followed by trochar introduction in the same 
tract as the needle. The trochar is then 
secured with the snare and the needle is 
removed (Fig.  14.10 ) [ 8 ]. The guidewire is 
fed through the trochar and then secured with 
the snare.    

   4.    The scope is withdrawn and the guidewire is 
pulled through the patient’s mouth. The feed-
ing tube is attached to the guidewire and, 

   Table 14.1    Outcomes of different methods of percutaneous jejunostomy placement   

 Procedure 
 First attempt 
success rate (%) 

 Overall adverse 
event rate (%) 

 Serious adverse 
event rate (%) 

 Reintervention 
rate (%) 

 PEG-J  88–93  35–56  0–3  22–56 
 IR-J  85–95  7.7–11.3  5–11  NA 
 PEJ  68–86  22–35  2–6.3  13.5–16.7 
 SJ  ~100  12–35  0.6–4  1–8 

  Adapted from [ 6 ] 
  PEG-J  percutaneous endoscopic gastrostomy tube with jejunal extension,  IR-J  interventional radiology jejunostomy, 
 PEJ  percutaneous endoscopic jejunostomy,  SJ  surgical jejunostomy  

  Fig. 14.9    Endoscopic view of the needle secured by snare 
after bowel puncture. Reprinted with permission from 
Aktas H, Mensink PB, Kuipers EJ, van Buuren H. Single-
balloon enteroscopy-assisted direct percutaneous endo-
scopic jejunostomy.  Endoscopy . Feb 2012;44(2):210–212       
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using the pull technique, the feeding tube is 
pulled through the abdominal wall and snug 
into the wall of the jejunum [ 6 ]. The scope can 
be reintroduced to confi rm and photo docu-
ment appropriate placement of the internal 
bumper of the feeding tube [ 6 ].    
  The success rate of PEJ placement can range 

from 68 to 86 % [ 5 ,  13 – 15 ]. The most common 
causes for failed PEJ placement include: 
absence or suboptimal transillumination and 
indentation, failure to reach the jejunum, and 
sedation complications [ 5 ,  13 – 15 ]. Increased 
success rates have been described in patients 
with previous gastric or esophageal resections, 
which are probably due to the shorter distance 
required to reach the jejunum and adhesions of 
the jejunum to the anterior abdominal wall that 
might facilitate bowel puncture. On the other 
hand, obesity has been described as cause for 
failed placement due to decreased transillumi-
nation and indentation from a thicker abdomi-
nal wall pannus [ 6 ,  15 ]. Complications rates 
range from 2 to 6.3 % for severe adverse events. 
See Table  14.2  [ 6 ].

            References 

            1.    Feitoza AB, Baron TH. Endoscopy and ERCP in the 
setting of previous upper GI tract surgery. Part I: recon-
struction without alteration of pancreaticobiliary anat-
omy. Gastrointest Endosc. 2001;54(6):743–9. Dec.  

    2.    Moreels TG. Altered anatomy: enteroscopy and 
ERCP procedure. Best Pract Res Clin Gastroenterol. 
2012;26(3):347–57. Jun.  

      3.    Anderson MA, Gan SI, Fanelli RD, et al. Role of 
endoscopy in the bariatric surgery patient. Gastrointest 
Endosc. 2008;68(1):1–10. Jul.  

  Fig. 14.10    The trochar is passed next to the needle and 
then secured with the snare. Reprinted with permission 
from Aktas H, Mensink PB, Kuipers EJ, van Buuren 

H. Single-balloon enteroscopy-assisted direct percutane-
ous endoscopic jejunostomy.  Endoscopy . Feb 2012;
44(2):210–212       

   Table 14.2    Adverse events reported in largest series of 
PEJ placement   

 Severe adverse events 
 Mild and moderate adverse 
events 

 Bleeding  n  = 4  Infection  n  = 47 
 Bowel perforation  n  = 8  Pain  n  = 34 
 Jejunal volvulus  n  = 6  Chronic fi stula  n  = 9 
 Aspiration  n  = 1  Aspiration  n  = 4 
 Abscess  n  = 1  Hematoma  n  = 1 
 Necrotizing fasciitis  n  = 1  Tube leak  n  = 13 
 Jejunal obstruction  n  = 1  Tube malfunction  n  = 3 
 Sepsis  n  = 1  Site ulceration  n  = 1 

  Adapted from [ 6 ]  

 

14 Defi nition of Postoperative Anatomy and Placement of PEJ



206

    4.    Decker GA, Swain JM, Crowell MD, Scolapio 
JS. Gastrointestinal and nutritional complications 
after bariatric surgery. Am J Gastroenterol. 
2007;102(11):2571–80. quiz 2581; Nov.  

       5.    Maple JT, Petersen BT, Baron TH, Gostout CJ, Wong 
Kee Song LM, Buttar NS. Direct percutaneous endo-
scopic jejunostomy: outcomes in 307 consecutive 
attempts. Am J Gastroenterol. 2005;100(12):2681–8. 
Dec.  

             6.    Murphy J, Fang JC. Direct percutaneous endoscopic 
jejunostomy: who, when, how, and what to avoid. 
Pract Gastroenterol. 2014;38(2):24–36.  

    7.    Song LM, Baron TH, Saleem A, Bruining DH, 
Alexander JA, Rajan E. Double-balloon enteroscopy 
as a rescue technique for failed direct percutaneous 
endoscopic jejunostomy when using conventional 
push enteroscopy (with video). Gastrointest Endosc. 
2012;76(3):675–9. Sep.  

      8.    Aktas H, Mensink PB, Kuipers EJ, van Buuren 
H. Single-balloon enteroscopy-assisted direct percu-
taneous endoscopic jejunostomy. Endoscopy. 2012;
44(2):210–2. Feb.  

    9.    Shetzline MA, Suhocki PV, Workman MJ. Direct per-
cutaneous endoscopic jejunostomy with small bowel 
enteroscopy and fl uoroscopy. Gastrointest Endosc. 
2001;53(6):633–8. May.  

    10.    Moran GW, Fisher NC. Direct percutaneous endo-
scopic jejunostomy: high completion rates with selec-
tive use of a long drainage access needle. Diagn Ther 
Endosc. 2009;2009:520879.  

    11.    Yano T, Yamamoto H, Sunada K, et al. New technique 
for direct percutaneous endoscopic jejunostomy using 
double-balloon endoscopy and magnetic anchors in a 
porcine model. Dig Endosc. 2011;23(2):206. Apr.  

    12.    Sharma VK, Close T, Bynoe R, Vasudeva 
R. Ultrasound-assisted direct percutaneous endo-
scopic jejunostomy (DPEJ) tube placement. Surg 
Endosc. 2000;14(2):203–4. Feb.  

     13.    Fan AC, Baron TH, Rumalla A, Harewood 
GC. Comparison of direct percutaneous endoscopic 
jejunostomy and PEG with jejunal extension. 
Gastrointest Endosc. 2002;56(6):890–4. Dec.  

   14.    Shike M, Latkany L, Gerdes H, Bloch AS. Direct per-
cutaneous endoscopic jejunostomies for enteral feed-
ing. Gastrointest Endosc. 1996;44(5):536–40. Nov.  

      15.    Mackenzie SH, Haslem D, Hilden K, Thomas KL, 
Fang JC. Success rate of direct percutaneous endo-
scopic jejunostomy in patients who are obese. 
Gastrointest Endosc. 2008;67(2):265–9. Feb.      

Video Legends
Video 14.1 - End-to-side anastomosis.
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           Introduction 

 The number of patients with surgically altered 
anatomy is rising due to the proliferation and suc-
cess of bariatric surgery and liver transplant, as 
well as the improved detection of pancreatic and 
gastric neoplasms and their resultant surgical 
resection. Despite improved surgical technique, 
the inherent complication rate of these proce-
dures as well as the baseline prevalence of stric-
ture, stone, and the progression of unresected or 
metachronous malignancy provide a challenge to 
the endoscopist when treating patients with sur-
gically altered anatomy [ 1 ]. 

 This chapter will review the indications for 
and technical aspects associated with performing 
endoscopic retrograde cholangiopancreatography 
(ERCP) in patients with surgically altered anatomy.  

    Surgically Altered Anatomy 

 There are at least eight commonly performed 
surgical procedures resulting in altered enteric 
anatomy that require nonstandard approaches to 
ERCP [ 1 ]. Patients with surgically altered anat-
omy are susceptible to both normal pancreatico- 
biliary pathology as well as adverse events related 
to their surgery such as anastomotic strictures, 
biliary stasis leading to stone formation, and 
retained stents [ 2 – 4 ]. From the perspective of the 
endoscopist, the resultant postsurgical anatomy 
can be categorized according to the length of the 
afferent limb and pancreatico-biliary enteric con-
nection; i.e., “native” papilla or surgically altered 
biliary or pancreatic-digestive anastomosis. The 
length of the afferent limb dictates the type of 
endoscope used and this, in turn, dictates the 
available tools for performing endoscopic inter-
vention. The presence or absence of a native 
papilla directly impacts ease of cannulation 
(Table  15.1 ). As such, it is imperative that the 
endoscopist has a keen sense of the patient’s 
anatomy prior to embarking on endoscopy. 
Whereas cross-sectional imaging and contrast- 
enhanced radiography can provide some degree 
of useful information for preprocedure planning, 
the original operative report, past endoscopy 
notes, and a direct discussion with the surgeon 
are far superior.

   Short afferent limbs are most commonly 
encountered in patients following a Billroth 
II gastrojejunostomy, as the afferent limb is 
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 anastomosed directly to the gastric remnant. In 
patients with retrocolic Billroth II anastomosis, 
the length of bowel that must be traversed can 
be as short as 30 cm [ 5 ]. These limbs can be tra-
versed with a duodenoscope, though at times the 
acute angulation at the anastomosis may require 
a more fl exible forward viewing endoscope or 
balloon-assisted enteroscopy (BAE) [ 5 ,  6 ]. The 
use of a side viewing duodenoscope has also 
been reported for patients with a gastrojejunos-
tomy or pylorus- preserving Whipple procedure 
[ 6 ], though this mandates both a short afferent 
limb and an easy-to- navigate anastomosis. 

 More commonly, patients with a longer affer-
ent limb such as those patients who have under-
gone a “standard” Whipple procedure or those 
with a Roux-en-Y anastomosis require the use of 
a long forward viewing endoscope or entero-
scope [ 6 ,  7 ]. The lengths of Roux limbs are vari-
able. Short afferent limbs (<50 cm) are commonly 
encountered in patients with oncologic, trans-
plant, or biliary-diverting procedures such as 
total gastrectomy with Roux-en-Y esophagojeju-
nostomy, Roux-en-Y choledochojejunostomy, or 
hepaticojejunostomy [ 8 ]. These limbs will have 
variable papillary anatomy depending on the 
original indication for surgery (see Table  15.1 ). 
Bariatric surgery typically results in a long Roux 
limb (>100 cm) to promote malabsorption as 
well as prevent bile refl ux [ 9 ]. These longer limbs 
may require the use of overtube-assisted devices 
for deep enteroscopy, such as BAE or rotational 
enteroscopy (RE). In addition to particularly long 

and tortuous Roux limbs, patients who have 
undergone a Roux-en-Y gastric bypass have a 
remnant stomach. This can allow for an addi-
tional access point (surgical gastrostomy, 
endoscopic- assisted gastrostomy) for performing 
ERCP. For the rare patient who has undergone 
pancreatico-biliary diversion (“duodenal switch”) 
for obesity, the Roux-en-Y anastomosis can, in 
some cases, be reached with diffi culty using the 
retrograde approach with BAE [ 5 ]. As with 
Billroth II anatomy, patients with gastric bypass 
or pancreatico-biliary diversion will generally 
have native papillary anatomy.  

    Technical Aspects of ERCP 
in the Surgically Altered Anatomy 

 There are three signifi cant challenges to suc-
cessful ERCP in altered anatomy: reaching the 
papilla or pancreatico-biliary anastomosis (enter-
oscopic success), identifi cation and cannulation 
of the papilla or pancreatico-biliary anastomo-
sis (diagnostic success), and fi nally, perform-
ing therapy if indicated (therapeutic success). A 
learning curve for successfully performing each 
of these three maneuvers has been described [ 10 ], 
and, although no single standardized approach 
exists, there are certain techniques which, when 
employed, can optimize the chances of overall 
endoscopic success. 

    Enteroscopic Success 

    Preprocedure Planning 
 With considerable variability in postsurgical 
anatomy, preprocedure planning is essential. 
When adequately prepared, the endoscopist can 
decrease the procedure duration, select the appro-
priate endoscope, and have the appropriate 
tools available at the time of endoscopy. Most 
importantly, the previous operative report should 
be obtained, recent cross-sectional imaging 
reviewed, and if possible, a discussion with the 
surgeon who performed the original operation 
[ 11 ]. Depending on operator expertise and diffi -
culty of the procedure, the range of times reported 

    Table 15.1    Altered anatomy requiring nonstandard ERCP   

 Anatomy  Papilla intact? 

  Short afferent limb  
 Bilroth II gastrojejunostomy  Yes 
  Long afferent limb  
 Whipple’s procedure  No 
 Gastrojejunostomy  Yes 
 Choledochojejunostomy/
hepaticojejunostomy 

 No 

 Total gastrectomy with 
esophagojejunostomy 

 Yes 

  Very long afferent limb  
 Gastric bypass  Yes 
 Biliary diversion “duodenal switch”  Yes 
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for ERCP in altered anatomy can vary from 24 to 
150 min [ 12 – 14 ]. The increased complexity and 
longer procedure duration in patients with post-
surgical anatomy may necessitate the use of an 
anesthesiologist, as adequate (and safe) sedation 
almost certainly plays a role in affecting the pro-
cedure outcome. Several groups have reported 
improved intubation depth, patient comfort, and 
decreased overall procedure duration with the use 
of CO 2  for procedures employing BAE [ 15 ,  16 ]. 

 In patients with short afferent limbs, such as 
those with Billroth II gastrojejunostomy, a duo-
denoscope may suffi ce and provides the benefi t 
of both an elevator and availability of standard 
ERCP tools. In patients with longer limbs, suc-
cess has been reported with either the 164 cm 
long pediatric colonoscope or 240 mm long 
“standard” enteroscope [ 7 ,  17 ] both with and 
without the assistance of a gastric overtube. 
Gastric overtubes may reduce looping in the 
stomach and duodenum; in patients who have 
undergone gastrectomy, gastric overtubes are 
rarely needed. If a colonoscope is used, it is pref-
erable to use one with a variable stiffness setting. 
Initial insertion is performed on the most fl exible 
setting and the stiffness is increased once the 
endoscope is passed into the small intestine to 
reduce loop formation. In patients with longer 
intestinal limbs, it may be necessary to use the 
“hook and pull” technique to advance the endo-
scope deeper into the small intestine. The use of 
a colonoscope to place a wire into the pancreatico- 
biliary limb in patients with Roux-en-Y anatomy 
followed by advancement of a duodenoscope 
over the wire has been described [ 17 ]. More 
recently the advent of overtube-assisted enteros-
copy (both BAE and RE) has allowed the endos-
copist a means to navigate tight angulation at the 
anastomosis and very long Roux limbs to access 
the pancreatico-biliary tree.  

    Overtube-Assisted Enteroscopy 
 Several techniques are now available to perform 
overtube-assisted deep enteroscopy including the 
double balloon enteroscopy (DBE), single bal-
loon enteroscope (SBE), and RE. In general, RE 
and balloon-assisted enteroscopy (BAE) consist 
of a forward viewing enteroscope that travels 

through a fl exible overtube. As such, overtube- 
assisted enteroscopy is a term that can encompass 
both RE and BAE. RE utilizes a rotating overtube 
that sequentially reduces and pleats the small 
bowel over a standard enteroscope. In the case of 
BAE, there is either a balloon on the distal tip of 
the overtube (single balloon) or a balloon on both 
the overtube and the distal tip of the enteroscope 
(double balloon). The operator is able to infl ate 
or defl ate the balloons selectively. Using a push- 
pull technique, BAE works by pleating the bowel 
over the endoscope as it is advanced, using bal-
loons to stabilize the device for both forward 
progress and reduction. With a double balloon, 
the endoscope is advanced and the balloon at the 
tip of the endoscope is then infl ated, anchoring 
the scope tip. The overtube is then advanced over 
the endoscope and, once the overtube has reached 
the end of the scope, the overtube is infl ated and 
either reduction can be performed or the endo-
scope balloon can be defl ated and advanced fur-
ther. The single balloon technology works in the 
same fashion, though without a balloon over the 
endoscope tip. This sacrifi ces a degree of stabil-
ity but provides added fl exibility, faster set-up 
time, and decreased complexity of balloon coor-
dination [ 18 ]. 

 Several authors have reported conceptualizing 
the overtube as a “large working channel” to 
assist ERCP [ 19 – 21 ]. Once the enteroscope is 
advanced to the ampulla or the pancreatic or bili-
ary anastomosis, the balloon is infl ated on the 
overtube and reduction is performed. This 
anchors the overtube and the enteroscope is then 
removed. In the case of longer overtubes, an inci-
sion can be made in the overtube just outside of 
the patient (taking care not to damage the balloon 
air channel) and a gastroscope or ultraslim gas-
troscope can be advanced to the ampulla. This 
allows passage of standard-biliary tools such as 
stents [ 20 ] that are precluded by the long and nar-
row working channel of the enteroscope, or direct 
cholangioscopy [ 21 ,  22 ].  

    Afferent Limb Intubation 
 Regardless of anatomy, selecting the appropriate 
limb to traverse can be the fi rst challenge reached 
by the endoscopist. Selecting the wrong limb 
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adds time to an already lengthy procedure. In 
general, the endoscopist will encounter two or 
three potential lumens (Fig.  15.1 ) at the surgical 
anastomosis. If three lumens are visualized, 
invariably one of the openings is not a true open-
ing, rather a “blind end,” created by the end-to- 
side creation of the anastomosis. The passage 
visualized directly adjacent to this lumen is usu-
ally the efferent limb. Between these openings 
one should not see a surgical scar. If the efferent 
limb is entered and traversed for some distance 
the endoscopist will generally see multiple loops 
forming on fl uoroscopy. Bile is not a reliable 
marker to indicate the afferent limb, though gen-
erally a greater amount of bile is found in the 
afferent limb. One group has reported improved 
identifi cation of the afferent limb in patients with 
Roux-en-Y anatomy by injecting indigo carmine 
just beyond the stomach or the esophagojejunos-
tomy. When the anastomosis is then reached, the 
afferent limb reportedly took up less indigo car-
mine and thus decreased time of procedure with 
little added expense or technical challenge [ 23 ].  

 It is not uncommon for endoscopists to 
become disoriented at the site of the anastomosis 
and, after accidentally traversing the efferent 
limb, reintubate the incorrect lumen. Once the 
appropriate limb has been determined, several 
groups advocate tattooing the afferent limb for 

improving ease of future access [ 24 ,  25 ]. Others 
recommend tattooing the limb that is initially 
intubated to prevent reintubation if this becomes 
the incorrect limb [ 26 ]. In either circumstance, 
clear documentation of which limb was tattooed 
is essential to expedite future endoscopy. 

 The second challenge to successful afferent 
limb intubation is navigating an often acute angu-
lation. The afferent limb is generally located at 
5–8 o’clock and should take off at a right angle—
essentially an almost 180° turn once the endo-
scope is inserted into the Roux-en-Y anastomosis. 
If a variable stiffness colonoscope is used, mak-
ing this turn should be attempted using the most 
fl exible setting. Occasionally, changing the 
patient’s position to left lateral decubitus or 
applying abdominal pressure can help navigate 
the turn. Fluoroscopy often can help confi rm pas-
sage in the proper direction. If BAE systems are 
used, it is useful to reduce the scope as much as 
possible once the jejuno-jejunal anastomosis is 
reached (in the case of a Roux-en-Y anastomo-
sis). Following reduction, the tip of the endo-
scope is advanced as deep as possible into the 
pancreatico-biliary limb. The balloon at the tip of 
the endoscope is then infl ated and the endoscope 
tip is “hooked” into the limb using a combination 
of tip defl ection and suction while the overtube is 
advanced through the anastomosis and into the 
pancreatico-biliary limb [ 5 ]. Despite these 
maneuvers, further advancement can be impos-
sible. In these instances, a wire can be advanced 
downstream under fl uoroscopy and a large bal-
loon advanced over the wire. Using this balloon 
as an anchor, the enteroscope can be slowly 
inched forward [ 27 ].   

    Diagnostic Success 

 Once the proximal aspect of the pancreatico- 
biliary limb is reached, the next challenge lies 
in identifying the papilla, pancreatic, or biliary 
anastomosis and obtaining deep cannulation with 
the forward viewing endoscope. It is during can-
nulation and consideration of therapy that the 
lack of ERCP-specifi c tools, lack of an elevator, 
the altered vector forces, and abnormal anatomy 

  Fig. 15.1    Endoscopic image demonstrating the typical 
appearance of a jejunojejunostomy in a patient following 
a Roux-en-Y gastric bypass. The  vertical arrow  points to 
the typical location of the efferent limb whereas the  hori-
zontal arrow  demonstrates the blind limb. The pancreatico- 
biliary limb cannot be seen in this image       
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(inverted orientation of the papilla) provide the 
greatest diffi culty to providers accustomed to 
performing standard ERCP with a duodenoscope. 

 In patients with a choledochojejunostomy, 
hepaticojejunostomy, or pancreaticojejunostomy, 
cannulation is often relatively easy if the anasto-
mosis can be found. Due to their small nature, the 
anastomosis may be diffi cult to fi nd, either sec-
ondary to near complete stenosis or due to the 
positioning of intestinal folds or anatomic turns 
in the bowel (Fig.  15.2a ). The hepaticojejunos-
tomy is generally located 10–15 cm downstream 
from the blind end and is typically found in the 
lower left fi eld of view. Administration of intra-
venous sincalide (Kinevac, Bracco Diagnostics, 
Princeton, New Jersey) at a dose of 0.02 μg/kg 
can be performed to stimulate the secretion of 
bile allowing identifi cation of the biliary anasto-
mosis. In patients with pancreaticojejunostomy, 
secretin (SecreFlo, Chesapeake Biologic Labs, 

Baltimore, Maryland) administered intrave-
nously as a 0.2 μg/kg bolus can help  in a similar 
fashion. The use of a clear plastic cap (Olympus 
Co LTD, Japan) affi xed to the tip of the endo-
scope can help improve visualization of bilio- 
digestive anastomoses, as well as aid the 
visualization and cannulation of native papillae 
[ 19 ,  25 ]. The cap may also help anchor the endo-
scope during reduction via mucosal suctioning 
[ 12 ,  28 ]. Once found, cannulation is often ame-
nable to forward viewing cannulation from the 6 
o’clock accessory channel [ 18 ].  

 In patients with an intact “native” major 
papilla, a forward viewing endoscope will gen-
erally fi nd the ampulla located at the 6 o’clock 
position [ 18 ] and “inverted.” Cannulation of 
both native and anastomotic lumens is typi-
cally performed using a straight single or dou-
ble lumen catheter after achieving wire guided 
access. The use of a clear plastic hood affi xed 

  Fig. 15.2    ( a ) Typical endoscopic appearance of a hepati-
cojejunostomy. Note that the anastomosis is stenotic. ( b ) 
Balloon dilation of the hepaticojejunostomy using a con-

trolled radial expansion balloon. ( c ) Postdilation appear-
ance of the hepaticojejunostomy       

 

15 ERCP in Patients with Altered Anatomy



214

to the endoscope tip may be useful in identifi -
cation and cannulation of the native papilla. As 
with standard ERCP, in some instances where 
papillary anatomy preferentially results in pan-
creatic duct cannulation, biliary cannulation can 
be assisted by pancreatic duct stent placement 
and wire guided cannulation over the pancreatic 
duct stent (Fig.  15.3 ).   

    Therapeutic Success 

 After successful cannulation, the fi nal step is 
delivery of therapy, often dilation of an anasto-
motic stricture, stone removal, bleeding treat-
ment, or stent placement (demonstrated in 
Figs.  15.4 ,  15.5 , and  15.6 .). Forward viewing 
equipment provides the following challenges: 

  Fig. 15.3    ERCP performed using a double balloon enteroscope in a patient following RYGB. Note that biliary can-
nulation was achieved over a pancreatic duct stent ( arrow )       

  Fig. 15.4    ERCP performed following a Roux-en-Y esophagojejunostomy in a patient status post total gastrectomy 
for gastric cancer. Note the presence of a high-grade mid-common bile duct stricture ( arrow )       
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lack of an elevator making wire exchanges tenu-
ous, small diameter of working channel (gener-
ally a 2.8 mm channel compared to 4.2 mm 
standard duodenoscopes), and an increased 
length of the working channel precluding many 
standard ERCP tools. Lastly, due to the length of 

the scope, the small diameter of the working 
channel, and the often multiple loops of the 
 endoscope, there can be considerable resistance 
to wire and accessory passage. This last point can 
be improved with the use of a lubricant placed on 
the tip of the wire before advancement—either 
silicone or a spray oil such as PAM (ConAgra 
foods, Omaha, Nebraska). A review of available 
scope length and working channel diameters is 
provided in Table  15.2  (tools).   

   Sphincterotomy is typically performed by 
placement of a stent into either the pancreatic or 
bile duct followed by needle knife sphincterot-
omy over the stent (Fig.  15.7 ). Rotatable sphinc-
terotomes have been reported [ 25 ] and some have 
reported success with limited sphincterotomy fol-
lowed by controlled radial expansion (CRE) bal-
loon dilation [ 19 ]. In general, the performance of 
other therapeutic maneuvers is relatively straight-
forward given the previously listed limitations. It 
should be noted that due to the long length of 
accessories, the assistant may “lose” the wire 
during exchange due to increased length relative 
to the wire guide being used. Whenever possible, 
the longest wire guide available should be used. 
If wire is “lost,” use of a 60 mL syringe fi lled 
with water or saline affi xed to the accessory in the 

  Fig. 15.5    ERCP performed in a patient following a central pancreactectomy with a Roux-en-Y pancreaticojejunos-
tomy. Note the presence of a large pancreatic duct stone (arrow).       

  Fig. 15.6    Cholangiogram demonstrating a high-grade 
stricture of the common hepatic duct in a patient follow-
ing a Whipple procedure for a cholangiocarcinoma of the 
distal common bile duct       

 

 

15 ERCP in Patients with Altered Anatomy



216

process of exchanging can be used to create a 
static column of water. This, along with gentle 
counter pressure, can help avoid losing duct 
access.  

 With the small diameter (2.8 mm) of most enter-
oscope or colonoscope working channels, a 7 Fr 
plastic stent is the largest caliber plastic endopros-
thesis that can be used. Additional equipment such 
as enteroscopy-length sphincterotomes, needle 
knife, and extraction balloons and baskets are 
available. For balloon dilation, many have reported 

success using colonic length-CRE dilation bal-
loons [ 18 ,  19 ] (Fig.  15.2b, c ). A shorter double bal-
loon enteroscope with a 2.8 mm working channel 
and 152 cm working length is available from 
Fujinon and an Olympus prototype has been 
reported with a 3.2 mm working channel and 
150 cm working length. These endoscopes allow 
the use of shorter wires and standard ERCP imple-
ments, though they are still limited in working 
channel diameter size. As a workaround, several 
groups have reported using the overtube as a large 
working channel. Once the overtube is advanced to 
the pancreatico- biliary limb, anchored with balloon 
infl ated, and wire guided cannulation is achieved, 
the endoscope is exchanged out leaving the wire or 
a long balloon infl ated in the bile duct. A hole is cut 
in the overtube just outside the patient’s mouth and 
shorter instruments such as self-expanding metal 
stents (SEMS) or ultraslim gastroscopes for direct 
cholangioscopy can then be utilized [ 12 ,  21 ,  22 ].   

    Alternatives to PER OS Endoscopic 
Access and Failed Altered 
Anatomy ERCP 

 The approach to patients with altered anatomy 
and pancreatico-biliary pathology should be indi-
vidualized to both the patient and the urgency/
emergency of needed intervention as well as 
local institutional resources and operator experi-
ence. With the exception of Billroth II anatomy, 

   Table 15.2    Endoscopes used in altered anatomy   

 Endoscopes 
 Working 
channel (mm) 

 Working 
length (cm) 

 Distal end 
diameter (mm)  Overtube  Diameter (mm)  Length (cm) 

  Balloon-assisted endoscopes  
 EN-450T5, Fujinon  2.8  200  9.4  TS-12140  13.2  145 
 EN-450P5, Fujinon  2.2  200  8.5  TS-12140  12.2  145 
 EC-450B15, EI- 530B, 
Fujinon 

 2.8  152  9.4  TS-13101  13.2  105 

 SIF Q180, Olympus  2.8  200  9.2  ST-SB-1  13.2  140 
 SIF Q160Y, Olympus  2.8  200  8.4  ST-SB-1 
 SIF-Y0004, Olympus  3.2  152  9.2  NR  NR  88 
  Spiral endoscopes  
 Endo-Ease Discovery 
SB (DSB), Spirus 

 NA a   17.5  130 

   a Spirus is an overtube system compatable with standard enteroscopes  

  Fig. 15.7    Endoscopic image showing a needle knife bili-
ary sphincterotomy performed over an indwelling pancre-
atic duct stent. Notice the direction of the cut is toward the 
4 o’clock position on the inverted papilla       
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until the advent of balloon-assisted technology, 
options for management of surgically altered 
anatomy were largely limited to surgical or per-
cutaneous access. Percutaneous-biliary access 
via interventional radiology still remains a viable 
alternative when local gastrointestinal expertise 
or equipment is not available, or if endoscopic 
management is attempted without success. 
Additionally, percutaneous access may provide 
temporizing measures, allowing for patient trans-
fer to an expert center with advanced entero-
scopic specialty or allowing for decompression 
and rendezvous attempt with enteroscopy [ 29 ]. In 
some instances, such as nondilated bile ducts or 
pancreatic duct pathology, percutaneous access is 
also not a viable option. 

 Roux-en-Y gastric bypass surgery presents 
added diffi culty for the endoscopist. In general, the 
afferent limb is very long (>100 cm), native papilla 
anatomy is expected, and, depending on weight 
loss, body habitus can provide further challenge. 
Almost uniformly, studies using balloon technol-
ogy have lower success rates for both enteroscopic, 
diagnostic, and technical success (discussed later). 
Even if the papilla is reached, the procedure can be 
a failure due to the distance traveled and the lack 
of instruments adaptable for the 200 cm scope and 
2.8 cm channel. As such, endoscopists have 
explored modifi ed surgical options. 

 The fi rst described report of surgical gastros-
tomy creation for ERCP in an excluded stom-
ach was by Baron and Vickers in 1998 [ 30 ]. 

Subsequent reports have shown acceptable 
diagnostic and therapeutic success using this 
approach. Briefl y, laparoscopic access to the gas-
tric remnant is obtained and the duodenoscope 
is advanced through a gastrostomy or laparo-
scopic trocar and advanced to the duodenum in 
standard fashion [ 30 ,  31 ] (Fig.  15.8 , Video  15.1 ). 
Following the procedure, if further intervention 
is thought likely, a gastrostomy tube can be left 
in place, otherwise the ports and gastrostomy site 
are closed. Several centers have also reported 
utilizing endoscopic ultrasound (EUS) for endo-
scopic transgastric PEG placement [ 32 ] or using 
BAE to reach the gastric remnant and subse-
quent placement of a self-expanding metal stent 
through a gastrostomy for same day ERCP [ 33 ].  

 The benefi ts of utilizing gastrostomy access 
include the ability to leave a tube for future 
access, the ability to perform EUS, the opportu-
nity to perform cholecystectomy after ERCP or 
EUS if indicated, and the availability of standard 
equipment for diagnostic and therapeutic suc-
cess. The limitations of this procedure are coordi-
nation between surgeon and endoscopist as well 
as the need and expense for an operating room 
and operating room staff. The cost effectiveness 
of laparoscopic access versus attempt at BAE 
was reviewed in a single center experience [ 31 ]. 
This study found that while ERCP success was 
much higher in the surgical arm and the time for 
the endoscopist shorter, the cost associated with 
surgical approach was considerably higher. 

  Fig. 15.8    A gastrostomy is made in the excluded stom-
ach ( a ) in order to perform laparoscopic-assisted ERCP in 
a patient following Roux-en-Y gastric bypass surgery. 

A laparoscopic trocar is placed through the anterior 
abdominal wall into the excluded stomach ( b ) to allow for 
endoscope placement       
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As such, the authors recommended that in 
patients with a known afferent limb <150 cm, a 
balloon- assisted enteroscopy be attempted fi rst 
with surgical gastrostomy access as backup [ 31 ].  

    ERCP Failure 

 Despite improved equipment, anatomic and tech-
nical limitations can still preclude ERCP success. 
As with standard ERCP, if endoscopic means 
fail to gain access, interventional radiology can 
often assist to obtain percutaneous-biliary access, 
after which point a rendezvous procedure can be 
attempted. In the event of nondilated bile ducts, 
gallbladder cannulation followed by a wire placed 
through the cystic duct has also been reported 
[ 34 ]. More recently several centers have reported 
utilizing EUS to gain transgastric or transduode-
nal-biliary or pancreatic duct access for either 
primary drainage or for endoscopic rendezvous 
in patients with altered anatomy [ 35 – 38 ].  

    Systematic Review of Reported 
Literature 

 We performed a search of PubMed to identify the 
published literature of ERCP in altered anatomy 
with specifi c focus on ERCP after the advent of 
overtube-assisted technology. The following 
search terms were used: double balloon enteros-
copy OR single balloon enteroscopy OR spiral 
enteroscopy AND ERCP. Eighty-one articles 
were identifi ed with an additional ten articles 
identifi ed by review of pertinent references. This 
search found 32 studies reporting retrospectively 
or prospectively collected data on operator expe-
rience with overtube-assisted technology. No 
randomized controlled trials were found and with 
few exceptions, these studies were single center, 
small series, and retrospective reviews. 

 In all, the case series represent more than 752 
patients and 1,068 procedures performed on sur-
gically altered anatomy. Of these, 9 studies 
reviewed SBE [ 12 ,  14 ,  18 ,  24 ,  39 – 43 ], 14 studies 
of DBE [ 1 ,  10 ,  12 ,  22 ,  44 – 53 ], 3 studies of RE 
[ 12 ,  13 ,  43 ], 2 studies of lap assisted [ 31 ,  54 ], 7 

studies used “short” double balloon technology 
[ 25 ,  29 ,  55 – 59 ], and 5 studies had mixed modal-
ity instruments [ 19 ,  31 ,  60 – 62 ]. In general, enter-
oscopic and ERCP success rates were similar 
regardless of overtube-assisted technology and 
varied more by anatomy—enteroscopic and 
ERCP success decreased as limb length increased 
and if there was a native papilla. This search 
identifi ed no head-to-head comparison studies of 
enteroscopes. However, several studies reported 
success of BAE after previous failures with for-
ward viewing endoscopes, suggesting that BAE 
may be the preferable device for initial attempt in 
patients with long afferent limbs [ 1 ,  6 ,  51 ,  60 ].  

    Conclusion 

    Future Directions 

 The advent of overtube-assisted technology has 
greatly advanced the endoscopist’s ability to per-
form minimally invasive and effective therapy for 
patients with surgically altered anatomy. In 
expert hands, if the papilla can be reached, the 
chance of diagnostic and therapeutic success is 
high. Shorter OAE systems and the conceptual-
ization of the overtube as a large working channel 
have increased the armamentarium available, yet 
endoscopists are still limited by the lack of an 
elevator, poor accessory selection, and small 
diameter working channels within the endo-
scopes. Despite expert hands, the ability to reach 
the ampulla can still be a time intensive and dif-
fi cult challenge, particularly in patients with very 
long Roux limbs. To work around failed ERCP, 
novel approaches with endoscopic ultrasound are 
increasingly described. Also promising are col-
laborative approaches between surgeons and 
endoscopists modifying long limb surgery to 
improve postoperative endoscopic treatment. 

 In the case of failed ERCP, several centers have 
reported success with transgastric or transduode-
nal EUS guided access [ 35 ,  38 ]. This can be for 
either defi nitive therapy such as decompression 
with stent, or can allow for wire placement and 
BAE rendezvous. The benefi t of this approach is 
twofold: (1) the completion of the procedure can 
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be accomplished without surgical or percutaneous 
drainage and (2) the ability to perform the proce-
dure at the time of failed endoscopy. At the pres-
ent point, techniques to prevent complication are 
still being worked out [ 63 ,  64 ], but hold promise 
for patients with surgically altered anatomy who 
may not be ideal candidates for surgical interven-
tion and require defi nitive therapy. 

 In general, prevention is preferable to interven-
tion and it may be possible to maintain the success 
of anatomic revision or bariatric or malignant 
intervention and improve the ability to endoscopi-
cally manage potential complications. The angula-
tion and long length of Roux anatomy was initially 
postulated to provide patients with increased pro-
tection from bile refl ux [ 9 ]. However, a recent 
study described using a short- limb (20 cm) Roux-
en-Y reconstruction for gastric bypass. They also 
performed a submucosal tattoo of the afferent limb 
at the level of the jejunojejunostomy to help guide 
future endoscopy. The authors found that short 
limb Roux-en-Y hepaticojejunostomy (RYHJ) 
was both safe and associated with a low incidence 
of postoperative complications. Notably, those 
who required intervention were managed endo-
scopically in all cases [ 9 ]. 

 ERCP in surgically altered anatomy is now 
both feasible and, in many cases, successful. 
Although time consuming and challenging, 
overtube- assisted technology is associated with 
fewer complications and decreased cost [ 31 ] 
when compared to surgical management. With 
the burgeoning population of patients with altered 
anatomy, particularly as a result of bariatric sur-
gery, there will be further opportunities to deter-
mine optimal approaches to altered anatomy and 
how to manage the invariable failed ERCP.        
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Video Legends
Video 15.1 - Transgastric access to biliary tree 
facilitated by laparoscopy in patient with Roux 
anatomy. Note contrast injection and unusual 
scope position.
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           Introduction 

 Capsule endoscopy has been introduced into 
 gastroenterologic diagnostics primarily for small 
bowel imaging, where conventional endoscopy 
and radiology have traditionally failed to detect 
lesions, especially if they are small or discrete [ 1 ]. 
Attempts to expand indications for capsule endos-
copy to the esophagus [ 2 ,  3 ] and colon [ 4 ,  5 ] have 
met several obstacles with regard to performance, 
bowel preparation, organization, and cost, which 
have prevented widespread capsule use in these 
areas. In the stomach, occasional lesions have 
been detected after esophageal capsule endoscopy 
or before small bowel imaging, but there has been 
consensus that the stomach is not a good target 
organ for passive capsule endoscopy. 

 Thus, there may be a need for guided capsule 
gastroscopy to allow for complete visualiza-
tion of all areas of the stomach. After promising 

 initial results using a capsule guided by a simple 
external magnet [ 5 ,  6 ] or by a more sophisticated 
magnetic guidance system [ 7 – 9 ], we carried out 
a prospective study in order to systematically 
evaluate the diagnostic accuracy of the latter 
system of capsule gastroscopy [ 10 ]. It was com-
pared to conventional fl exible gastroscopy in 
patients examined for upper gastrointestinal (GI) 
complaints.  

    How It Works 

    Material 

 The magnetically guided capsule endoscopy 
(MGCE) system has been developed as a joint 
project of Olympus Medical Systems Corporation 
and Siemens Healthcare to develop a prototype 
device that provides endoscopic visualization of 
the stomach. Olympus imaging technology has 
been combined with a guidance system from 
Siemens that is used to move the capsule in the 
gastric cavity. The guidance system is not used to 
move the capsule to the stomach. Passage through 
the esophagus occurs simply by gravity and 
esophageal motility. The Siemens guidance sys-
tem, based on magnetic technology, was installed 
in the building used for computed tomography 
(CT) and magnetic resonance imaging (MRI) pro-
cedures, next to the endoscopy unit, at the Institut 
Arnault Tzanck in Saint Laurent du Var, France.  

        J.-F.   Rey ,  M.D.      (*) 
  Department of Hepatology and Gastroenterology , 
 Institut Arnault Tzanck ,   116 Rue de Commandant 
Cahuzac ,  St. Laurent du Var   06700 ,  France   
 e-mail: Jean.francois.rey@wanadoo.fr  

 16

 Electronic supplementary material:   The online version 
of this chapter (doi:   10.1007/978-3-319-14415-3_16    ) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at   http://link.
springer.com/chapter/10.1007/978-3-319-14415-3_16    . 

      The Future of Magnetic Guided 
Capsule Endoscopy: Designed 
for Gastroscopy, Does It Have 
a Role in Small Bowel 
Enteroscopy? 

           Jean-Francois     Rey     

mailto:Jean.francois.rey@wanadoo.fr
http://dx.doi.org/10.1007/978-3-319-14415-3_16
http://springerlink.bibliotecabuap.elogim.com/chapter/10.1007/978-3-319-14415-3_16
http://springerlink.bibliotecabuap.elogim.com/chapter/10.1007/978-3-319-14415-3_16


226

    Guidance System 

 The guidance system produces a very low level 
magnetic fi eld (15 times smaller than the usual 
magnetic resonance used for radiological exami-
nations). The capsule weighs 2.7 g and has a 
theoretical magnetic force of 50 mN (5.0 g); this 
is equivalent to a total of 7.7 g (approximately the 
same weight as a 1€ or 500¥ coin). The force 
required for navigation is very low and in a phan-
tom stomach it is possible to stop the capsule 
with a minimal force. In a human stomach that 
means the capsule may be trapped by gastric 
mucus but on the other hand avoids any danger-
ous potential side effects for the patients. The 
system works silently in contrast to the conven-
tional MRI machine. 

 The low magnetic fi eld of the guidance system 
has a theoretical maximum of 100 mT; for com-
parison, this is 2,000 times greater than the 
Earth’s magnetic fi eld and 15 times smaller than 
the standard 1.5 T MRI fi eld. The typical mag-
netic fi elds used for navigation (3–10 mT) are 
actually 60–200 times greater than the Earth’s 
magnetic fi eld and 150–500 times smaller than 
the 1.5 T MRI fi eld. The low level of the mag-
netic fi eld means that the equipment does not 

require a substantial cooling system and it is very 
quiet compared to the usual MRI machine. This 
also reduces the potential side effects for patients 
with any metallic internal medical devices 
(Fig.  16.1 ).   

    Capsule Maneuverability 

 The patient lies in the magnetic guidance equip-
ment, with a stable stomach position allowing 
maximal force for navigation of the capsule. The 
capsule can be moved with fi ve independent 
mechanical degrees of freedom: two rotational 
and three translational (i.e., in three dimensions) 
(Fig.  16.2 ). It can be tilted (equivalent to the large 
steering-wheel movements of an endoscope tip) 
and it can be rotated (equivalent to the small 
steering-wheel movements). The tilting com-
mand allows the position of the capsule at a fi xed 
point to be oriented. The MGCE can be navigated 
at a water surface in the stomach or can be made 
to dive to the bottom of the stomach (Fig.  16.3 ). 
In close-up, a clear magnifi ed view of the muco-
sal pattern is seen because of refraction by the 
water and the fi xed-focus imaging. When the 
capsule is lying on the stomach wall, it can be 

  Fig. 16.1    Magnetic guided capsule endoscopy (MGCE) equipment       
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made to crawl, and if the capsule is blocked 
between gastric folds it can be dislodged by being 
made to “jump” (Video  16.1 ).    

    Imaging System 

 As with the small bowel capsule, the patient is 
equipped with multiple antennas in order to 
record the images from the capsule. The MGCE 
capsule is 31 mm long and 11 mm in diameter, 
weighs 2.7 g and has two image sensors. The 
images are visualized and recorded at 4 frames/s. 
Standard imaging is done in real time. The images 
from both sensors are displayed simultaneously 
on a dual-monitor panel with one screen for each 
sensor.  

    MGCE Navigation 

 The practitioner stands in front of the dual moni-
tors that show the images from both sensors and 
that display the possible capsule maneuvers and 
settings (forward, backward, rotating, diving, tilt-
ing, jumping). The physician responsible for 
guiding the device chooses which screen should 
be the “active” one for directing the capsule, and 
controls the motion of the capsule by means of 
two joysticks (Video  16.2 ).  

    Operator Learning Curve and Initial 
Pilot Study 

 Initially the operators gained in vitro experience 
in using the technology. The use of plastic “stom-
achs” with labeled areas or of pig stomachs 
allowed them to understand how the basic han-
dling worked and to become familiar with the 
technical capability of the guided video capsule. 
This stage also provided information about the 
effectiveness of low level magnetic fi eld guid-
ance and its limitations as well as safety for 
patients. This stage was completed using simula-
tion software as the practitioners were not famil-
iar with joystick handling. 

 During the fi rst month of the trial, 26 patients 
had been included in a pilot study that achieved 
24 complete examinations of patients with con-
ventional gastroscopy followed by capsule exam-
inations. The capsule operators were aware of the 
gastroscopy fi ndings and tried to identify the 

  Fig. 16.2    Technical maneuverability       

  Fig. 16.3    Overall drawing of magnetic guided capsule 
endoscopy       
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known lesions using the capsule. Initially, 
because of the unfamiliar appearance of the unin-
fl ated stomach, it was diffi cult to identify some 
structures, such as the closed cardia, for example. 
The operators also had to learn how to navigate 
through the human stomach, how to deal with 
gastric contractions and how to get rid of mucus 
that was stuck on the capsule sensors.   

    Studies Protocol 

    Clinical Protocol 

 Gastric examination with the MGCE was carried 
out using the following protocol. After overnight 
fasting, patients drank 500 ml of clear water at 
room temperature. One hour later, they drank 
another 400 ml of clear water at room tempera-
ture. Then after light exercise for approximately 
15 min, in order to obtain a clean stomach, 
patients drank a further 400 ml of clear water 
near body temperature (35 °C). This was done to 
create enough space in the stomach for capsule 
navigation. 

 At that point, image-receiving antennae were 
attached to the patient’s body and the patient was 
settled inside the magnetic guidance system. The 
patient position on the table was predetermined 
to allow for optimal gastric imaging and maximal 
magnetic force for capsule navigation. Capsule 
imaging was initiated and the patient ingested the 
capsule in a sitting position before lying down in 
the guidance system when the capsule had 
reached the stomach by esophageal gravity and 
esophageal motility.  

    MGCE Examination 

 At the beginning of the examination the position 
of the patient was left lateral; this was then 
changed to supine and fi nally right lateral. When 
it was diffi cult to move or navigate the capsule in 
a particular position, the patient was moved into 
another position. If necessary, additional water 
was ingested during the examination to create 
optimal conditions, as the MGCE requires an 

air–water interface for guidance. The visualiza-
tion of the gastric surface in the antrum, body, 
and fundus, and identifi cation of the two well-
known landmarks of the cardia and pylorus were 
checked by the examiners. High defi nition gas-
troscopy under propofol sedation was considered 
as the “gold standard.”  

    Evaluation of Outcomes and Data 
Analysis 

 The overall evaluations of stomach visualization, 
including all stomach areas, were documented 
immediately on a report sheet by the operator 
(Fig.  16.4 ). The examiner assessed these subjec-
tively. Examination time and abnormal fi ndings 
were also recorded.  

 The main outcome parameters were percent-
age of patients in whom there was complete visu-
alization of the gastric surface in the antrum, 
body, and fundus, and identifi cation of the cardia 
and pylorus. Further parameters were  examination 
time, and the percentage of abnormal fi ndings 
seen on gastroscopy that were reproducible by 
capsule endoscopy and vice versa.   

    Guided Capsule Data 

    Three Clinical Studies Have Been 
Performed 

    First Study 
 Twenty-four patients and 29 volunteers were 
included in order to assess the feasibility of a 
clinical trial comparing conventional gastroscopy 
and MGCE. Maneuverability of the two sensors’ 
video capsule was obtained with water interface 
in the human stomach and a low level magnetic 
guidance equipment [ 7 ].  

    Second Study 
 Seventy-one patients were enrolled for the com-
parative blinded study and examinations were 
completed in 61 patients (39 men, 22 women; 
mean age 52.7 years, range 21–75). The capsule 
was swallowed and water ingested (overall 
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 volume 1,300 ml as described in the protocol) 
without problem in all but two patients. A few 
patients ( n  = 5) needed to drink additional water 
at body temperature to keep the stomach dis-
tended. No technical defect occurred and we 
were able to analyze complete comparative 
examinations in 61 patients. No premedication 
was given or felt to be necessary for any patient. 
On follow-up, one patient had temporary 
abdominal pain, which subsided spontaneously 
and has not recurred. In another patient, left 
lower quadrant pain was diagnosed with recur-
rent sigmoid diverticulitis [ 8 ]. 

 As mentioned, in close-up view, the mucosal 
pattern could be seen clearly as it was magni-
fi ed because of refraction by the water and the 
fi xed- focus imaging (Fig.  16.5 ). When the cap-
sule was lodged between folds on the gastric 
wall, we could navigate the capsule using the 
jumping and fl oating functions. Impaired visu-
alization caused by gastric mucus or remaining 
debris in the water could be overcome by turn-
ing the patient or in a few cases by further 
ingestion of water.  

 Figures  16.5 ,  16.6 , and  16.7  show various gas-
tric images obtained by capsule navigation. 
Visualization of the gastric pylorus, antrum, 
body, fundus, and cardia was felt to be complete 
in 88.5 %, 86.9 %, 93.4 %, 85.2 %, and 88.5 % of 

  Fig. 16.4    Data collection 
chart       

  Fig. 16.5    Detailed aspect of abnormal gastric mucosa       
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patients, respectively (Fig.  16.8 ). Incomplete 
visualization was due to resistant mucus in 7 
cases, excessive gastric motility in 2 cases, early 
pyloric passage of the capsule in 4 cases, and 
incomplete distension of gastric walls in 2. 
Capsule examination was achieved in a mean 
total examination time of 17.4 min (range 9.9–
26.4). Capsule endoscopy examination time 
became shorter with increasing skill at naviga-
tion but also as new knowledge was gained such 

as subsequent visualization of the lesser curve or 
closed cardia.    

 A total of 108 pathological fi ndings were 
detected. Of these, 63 were identifi ed by both 
conventional gastroscopy and capsule endos-
copy: these included 44 cases of diffuse infl am-
mation or erosion, 8 polyps, 3 ulcers (Figs.  16.5  
and  16.7 ), 4 cases of atrophy, 2 cases of antral 
metaplasia, 1 case of external compression, and 1 
case of fundic varices. Gastroscopy detected 14 
additional lesions not identifi ed at capsule endos-
copy: 2 polyps, 1 case of infl ammation, 2 angio-
dysplasias, 2 ulcers, 2 cases of atrophy, 1 case of 
important bile refl ux, 2 cases of hypertrophic 
folds, and 2 of antral metaplasia. On the other 
hand, 31 lesions were detected only by capsule 
endoscopy and missed by conventional endos-
copy: 11 polyps, 10 cases of infl ammation, 1 
angiodysplasia, 5 ulcers, 1 metaplasia, 2 bleeding 
lesions, and 1 hiatal hernia.  

    Third Study 
 The latter was blinded and randomized [ 10 ]: 215 
patients were initially included, but 25 had to be 
excluded due to subsequent refusal for study 
 participation ( n  = 14), capsule impaction in the 
esophagus during scanning time ( n  = 3), technical 
problems ( n  = 5), protocol violation ( n  = 2), and 
inability to swallow the capsule ( n  = 1). The 
remaining 189 patients (105 males, 84 females, 
mean age 53.0 ± 13.7 years) with an indication 
for upper GI endoscopy such as upper abdominal 
pain and/or anemia were included into the study. 
Twenty-three major lesions were found in 21 
patients and included 2 adenocarcinomas (tumor 
sizes 1.2 and 10 cm, both located in the gastric 
body), 4 submucosal lesions (size/location 
1.5 cm, 0.8 cm in the gastric body, 0.9 cm in the 
cardia and 1.0 cm in the antrum), 9 gastric ulcers 
(mean size 0.8 cm, [0.5–1.5 cm], location: cardia 
 n  = 2, fundus  n  = 1, antrum  n  = 6), 3 single hyper-
plastic polyps with a maximum size of 5 mm 
(location: fundus  n  = 2, pylorus  n  = 1), and 5 focal 
angiodysplasia (location: antrum = 2, gastric 
body  n  = 2, cardia  n  = 1). Two patients were found 
to have 2 lesions (both cases with 1 ulcer and 1 
hyperplastic polyp each). Minor lesions were 
marked infl ammatory changes with erosions 

  Fig. 16.6    Panoramic view of lesser curve with pylorus 
( left ) and cardia ( right )       

  Fig. 16.7    Multiple antral ulcerations       
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( n  = 165), multiple fundic gland polyps ( n  = 55), 
gastric atrophy ( n  = 16), and miscellaneous ( n  = 7) 
(Table  16.1 ).

   Examination times were a mean of 10.61 min 
(95 % CI 10.27–10.94) for capsule gastroscopy 
and 3.97 min (95 % CI 3.64–4.31) for blinded 
gastroscopy. With capsule gastroscopy, the exam-
iners’ subjective assessment rated 96.3 % of the 
189 gastric capsule examinations as complete, 
with rates for pylorus, antrum, body, and cardia 
ranging from 93.0 % to 98.8 %, without signifi -
cant differences between location. Subjective rat-
ings for overall visibility, clarity, and absence of 
signifi cant gastric contractile activity were 
80.3 % (visibility VAS 1–2), 93.1 % (clarity 1–2 
with 67.2 % completely clear), and 79.9 % 
(absence of contractile activity; an additional 
12.7 % had mild contractile activity). 

 Whereas the two initial studies showed 
encouraging technical results, the blinded and 
randomized study was clinically disappointing, 
due to the technical limitations of the guidance 
system.    

    Pitfalls and Tricks 

 Because of the large size of the gastric cavity, 
complete gastric examination with a passive cap-
sule seemed an impossibility. Thus, steering of 
capsule endoscopes has been a matter for inten-
sive research [ 6 ,  11 – 14 ], and in fact, a self- 
experiment by the capsule pioneer Paul Swain 
has been reported [ 15 ,  16 ]. It is too early to assess 
the overall clinical benefi t of MGCE compared 
with traditional endoscopy. However, these initial 
studies have defi ned the potential of gastric 
examination with MGCE and address potential 
technical diffi culties. More recently, a new sys-
tem has been introduced by Mirocam [ 17 ]. 

    Stomach Preparation 

 The fi rst hurdle for MGCE examination is to 
obtain a clean stomach distended with water. In 
the early phase, we used sparkling water for 
stomach distension but found that the bubbles 
impaired the visibility of the image. When 

  Fig. 16.8    Gastric visualization with overall results, and results related to patient position       

    Table 16.1    Accuracy values of capsule gastroscopy 
compared with gastroscopy as the fi nal gold standard for 
the diagnosis of major lesions on a per-patient ( n  = 21) and 
per-lesion ( n  = 23) basis   

 Per- patient 
(%)  95 % CI 

 Per- lesion 
(%)  95 % CI 

 Accuracy  90.5  85.4–94.3  89.5  84.3–93.5 
 Sensitivity  61.9  38.4–81.9  56.5  34.5–76.8 
 Specifi city  94.1  89.3–97.1  94.1  89.3–97.1 
 PPV  56.5  34.5–76.8  56.5  34.5–76.8 
 NPV  95.2  90.7–97.9  94.1  89.3–97.1 

   CI  confi dence interval,  NPV  negative predictive value, 
 PPV  positive predictive value  
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participants drank still mineral water, in most 
cases the mucus remained minimal and could be 
moved out of the way by changing the patient’s 
position. Subsequently, in the early phase of our 
experience, we found that an unexpectedly large 
amount of water remained in the stomach, for up 
to 45 min.  

    Patient Position 

 To obtain a complete stomach examination it was 
possible to move the patient from one position to 
another, allowing the water to fi ll the different 
gastric areas and facilitate MGCE movement. 
Patients were initially placed in the left lateral 
position, where in most cases, the cardia, fornix, 
fundus, and part of the antrum were visible; this 
part of the examination generally approximated 
10 min. The patient was then moved to a supine 
position for a more complete examination of the 
fundus and antrum and fi nally to visualize the 
pylorus. The right lateral position was useful 
only for obtaining close-up appearances of the 
antrum and pylorus, but in many cases, it was 
also possible to navigate the MGCE back to the 
cardia.  

    Gastric Visualization 

 The fi rst challenge was identifi cation of gastric 
anatomical structures. MGCE images were 
recorded in various positions and without insuf-
fl ation of the stomach. The capsule movement 
differs from that of the conventional endoscope 
as capsule guidance allows rotation in four direc-
tions with two views provided simultaneously 
from the sensors at each end of the capsule. 
Traditional gastroscopy is simpler with examina-
tion done in the forward direction in a distended 
stomach, or in retrofl exion for observation of the 
cardia, fornix, or fundus. MGCE gives an excel-
lent, new panoramic view of the lesser curve 
(Fig.  16.6 ). This is one of the main advantages, 
when the MGCE is made to dive near the greater 
curve in front of the angulus, giving an overview 
of the lesser curve anatomy for diagnosis and 

 orientation. The fundus and antrum are easy to 
assess in a larger or close-up view. The well- 
established differences in mucosal pattern were 
also a major aid to navigating the capsule. While 
the pylorus was easily identifi able, one needs to 
be aware that a cardia that is closed or only 
slightly open most of the time presents an unfa-
miliar aspect. In traditional endoscopy, this land-
mark is easily visible, seen with retrofl exion with 
the gastroscope going through the cardia orifi ce; 
this is not the case with the MGCE. The overall 
results of the gastric examinations highlight the 
importance of overcoming some technical diffi -
culties encountered during this initial clinical 
trial. The main drawback involved gastric mucus 
attaching to the MGCE, which impaired imaging. 
In most cases, the mucus could be removed from 
the lens using capsule movement; in several 
examinations this remained impossible. 

 Gastric motility was another diffi culty as cap-
sule forces were too low to counteract gastric 
movements. This was especially notable in the 
antrum where strong gastric contractions did not 
allow navigation to the area of the pylorus 
(Fig.  16.9 ). In a few cases, there was the opposite 
problem when antral motility moved the capsule 
forward to the duodenal bulb. Note that it neither 
proved impossible to traverse the pylorus by 
using the MGCE forces, nor when the MGCE 

  Fig. 16.9    Strong antral contractions       
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passed spontaneously through the pylorus could 
it be navigated back into the stomach. On the 
other hand, as the MGCE did not interfere with 
gastric motility, during the MGCE examination 
we were able to assess clear and strong fundal 
gastric contractions in two patients that were 
uncomfortable for the patients. This is a totally 
new fi eld for studying gastric motility disorders. 
MGCE might be used to investigate this fi eld as 
the current technology is limited.   

    Image Quality 

 Compared with conventional endoscopy, the 
video capsule images are comparable to those 
provided by endoscopes without high defi nition 
marketed in the early years of this century 
(Fig.  16.10 ). The brightness needs to be 
improved in order to extend the depth of fi eld, 
but close-up views show excellent details of the 
gastric mucosal pattern. In some cases there was 
a foggy appearance at the beginning of exami-
nation, but this rapidly disappeared allowing a 
clear view of the gastric cavity. In some exami-
nations, oral mucus stuck to the front of the 
MGCE lens; it was possible to remove it by 
using capsule movement or a special “capsule-
shaking” command.    

    Adverse Effects 

 Impaction or retention is a concern with capsule 
gastroscopy as it has been with capsule endos-
copy in general. Reports in patients, mostly stud-
ied for obscure bleeding, have described a low 
risk. In our trials it may be that a transient bowel 
obstruction was the cause of pain in one patient, 
which subsided spontaneously after some hours. 
Further studies will show what the overall risk of 
capsule gastroscopy will be. It may be wise, how-
ever, to exclude those patients with suspected or 
known strictures from initial trials as well as 
those with previous small-bowel surgery. No side 
effects were reported due to the low intensity 
magnetic fi eld.  

    Future 

 Our third study is the fi rst large study that sys-
tematically evaluated guided capsule gastroscopy 
in patients with upper abdominal symptoms [ 10 ]. 
We defi ned the accuracy of capsule gastroscopy 
in the diagnosis of major lesions as the main out-
come, since these lesions would require subse-
quent conventional endoscopy for biopsy and/or 
therapy, such as endoscopic removal of (early) 
tumors, endoscopic ultrasound for suspected sub-
mucosal tumors, biopsy including  Helicobacter  
testing for ulcers, and thermal coagulation for 
angiodysplasias. Our fi ndings of 11 % major 
lesions in an average gastroscopy setting is likely 
realistic, and the poor sensitivity of only 61 % is 
unlikely to become substantially better with more 
lesions, since examiner experience and case load 
did not play a role as shown in our multivariate 
analysis (Table  16.1 ). Thus it has to be concluded 
that at the present stage of development, guided 
capsule gastroscopy is not suffi ciently sensitive 
to even be considered as a fi lter test to stratify 
patients for conventional gastroscopy or clinical 
follow-up alone, irrespective of cost issues. 
Previous studies with a different technology 
involved only a small number of volunteers in 
feasibility trials [ 11 ,  12 ] or—using the same cap-
sule in a pilot trial and prestudy testing—did not 

  Fig. 16.10    Small antral ulceration       
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systematically evaluate a patient population of 
comparable size [ 8 ,  9 ]. 

 The limited capsule sensitivity was generally 
felt to be related to several factors including both 
stomach characteristics and capsule technology. 
Among the former, limited expansion of the stom-
ach by drinking water to fi ll the gastric cavity com-
pared to air expansion during gastroscopy was 
probably the most important one. Suffi cient intra-
gastric volume of clear fl uid is required for good 
visualization and capsule maneuvering [ 8 ,  9 ], but 
ingested water left the stomach too quickly; add-
ing water during the examination did not substan-
tially improve the results, since outfl ow was 
similarly quick. The fact that visibility rating by 
examiners yielded excellent results, yet detection 
of focal lesions was poor, points toward the fact 
that the subjective impression of examiners of vis-
ibility probably represents an over judgment of 
their own performance. This conclusion is also 
supported by the low detection rate of isolated 
major lesions versus the high detection rate of 
minor ones, which were usually multiple, and thus 
would limit the importance of incomplete inspec-
tion of the stomach. That the visualization of 
minor lesions was signifi cantly better in the proxi-
mal stomach was mostly due to antral motility 
leading to a pushback of the capsule, which could 
not be counteracted by capsule maneuvering. 

 Therefore, future technical requirements for 
capsule gastroscopy include addition of a lens 
cleaning system as with conventional endoscopy, 
and a stronger guidance system, which currently 
appears too weak and should be delivered at 
faster speed and with stronger force, as well as a 
better capability to keep the capsule in place 
when needed. More force would probably also 
help to pass the pylorus intentionally and to keep 
the capsule in the esophagus, since esophageal 
endoscopy, searching for refl ux erosions, Barrett 
esophagus, and varices, has to be an integral part 
of upper GI endoscopy performed by guided cap-
sules in the future. A technical dream would be a 
capsule endoscopy able to visualize the entire 
digestive tract from the esophagus to the rectum 
and certainly a steerable capsule has some poten-
tial for application in assessing the small intes-
tine in the future [ 7 ].  

    Conclusion 

 Current models of steerable capsules do not appear 
to provide suffi cient accuracy to be further studied 
as a fi lter test in clinical routine for gastric exami-
nation, such as for gastric cancer screening in 
Japan, nor do they play an imminent role for the 
evaluation of small bowel disorders. Only with the 
substantial improvements mentioned previously, 
would it make sense to discuss cost issues includ-
ing equipment and time needed for performance 
and reading. A new system is currently being tested 
in Japan. Further refi nements are expected, which 
will require subsequent studies using similar meth-
odology to include outcome studies that have to be 
done to defi ne the role of guided upper GI capsule 
endoscopy in a variety of clinical settings.      

  Acknowledgements   These trials have involved multiple 
physicians: 

 •   Department of Gastroenterology, Institute Arnault 
Tzanck, St. Laurent du Var, France : Jean-Francois 
Rey, I. Pangtay, Michel Greff, Bilal Hoytat, 
Mohammed Abdel-Hamid. 

 •   Keio University School of Medicine, Tokyo, Japan : 
Haruiko Ogata, Naoki Hosoe, Toshifumi Hibi. 

 •   Showa University Northern Yokohama Hospital, 
Yokohama, Japan : Kazuo Ohtsuka, Noriyuki Ogata, 
Shin-El Kudo. 

 •   Jikei University School of Medicine, Tokyo, Japan : 
Keiichi Ikeda, Hiroyuki Aihara, Hisao Tajiri. 

 •   Department of Interdisciplinary Endoscopy, 
University Hospital Hamburg-Eppendorf, Hamburg, 
Germany : Ulrike Denzer, Thomas Rösch, Andras 
Treszl, Karl Wegscheider. 

 •   Department of Gastroenterology, Centre Hospitalier 
Universitaire and University of Nice Sophia 
Antipolis, Nice, France : Xavier Hebuterne, Geoffroy 
Vanbiervielt, Jerome Filippi. 

  Technical Acknowledgements : These trials have been 
supported by excellent technical teams from Olympus 
endocapsule system and Siemens Healthcare, and by all 
the nursing team of Institut Arnault Tzanck. 

 We are grateful to our Japanese colleagues who 
accepted to spend time in St. Laurent Du Var for the 
achievement of the trial.  

    References 

    1.    Ladas SD, Triantafyllou K, Spada C, Riccioni ME, 
Rey JF, Niv Y, et al. ESGE Clinical Guidelines 
Committee. European Society of Gastrointestinal 

J.-F. Rey



235

Endoscopy (ESGE)/Recommendations (2009) on 
clinical use of video capsule endoscopy to investigate 
small-bowel, esophageal and colonic diseases. 
Endoscopy. 2010;42:220–7.  

    2.    Sharma VK, Eliakim R, Sharma P, Faigel D, 
ICCE. ICCE consensus for esophageal capsule endos-
copy. Endoscopy. 2005;37:1060–4.  

    3.    Waterman M, Gralnek IM. Capsule endoscopy of the 
esophagus. J Clin Gastroenterol. 2009;43:605–12.  

    4.    Spada C, Hassan C, Galmiche JP, Neuhaus H, 
Dumonceau JM, Adler S, et al. European Society of 
Gastrointestinal Endoscopy. Colon capsule endos-
copy: European Society of Gastrointestinal Endoscopy 
(ESGE) Guideline. Endoscopy. 2012;44:527–36. 
Epub 2012 Mar 2.  

     5.    Spada C, Hassan C, Marmo R, Petruzziello L, 
Riccioni ME, Zullo A, et al. Meta-analysis shows 
colon capsule endoscopy is effective in detecting 
colorectal polyps. Clin Gastroenterol Hepatol. 2010;
8(6):516–22.  

     6.    Ciuti G, Donlin R, Valdastri P, Arezzo A, Menciassi 
A, Morino M, et al. Robotic versus manual control in 
magnetic steering of an endoscopic capsule. 
Endoscopy. 2010;42:148–52. Epub 2009 Dec 16.  

      7.    Rey JF. Future perspectives for esophageal and 
colorectal capsule endoscopy: dreams or reality? In: 
Niwa H, Tajiri H, Nakajima N, Yasuda K, editors. 
New challenges in gastrointestinal endoscopy. Japan: 
Springer; 2008. p. 55–64.  

      8.    Rey JF, Ogata H, Hosoe N, Ohtsuka K, Ogata N, 
Ikeda K, et al. Feasibility of stomach exploration with 
a guided capsule endoscope. Endoscopy. 
2010;42(7):541–5. Epub 2010 Jun 30.  

      9.    Rey JF, Ogata H, Hosoe N, Ohtsuka K, Ogata N, Ikeda 
K, et al. Blinded nonrandomized comparative study of 
gastric examination with a magnetically guided capsule 
endoscope and standard videoendoscope. Gastrointest 
Endosc. 2012;75(2):373–81. Epub 2011 Dec 9.  

      10.   Denzer UW, Rosch T, Hoytat B, Abdel-Hamid M, 
Hebuterne X, Vanbiervielt G, et al. Magnetically 
guided capsule versus conventional gastroscopy for 
upper abdominal complaints. A prospective blinded 
study. J Clin Gastroenterol. 2014; Mar 10 (Epub 
ahead of print)  

     11.    Keller J, Fibbe C, Volke F, Gerber J, Mosse AC, 
Reimann-Zawadzki M, et al. Remote magnetic con-
trol of a wireless capsule endoscope in the esophagus 
is safe and feasible: results of randomized clinical 
trial in healthy volunteers. Gastrointest Endosc. 
2010;72(5):941–6. Epub 2010 Sep 19.  

    12.    Keller J, Fibbe C, Volke F, Gerber J, Mosse AC, 
Reimann-Zawadzki M, et al. Inspection of the human 
stomach using remote-controlled capsule endoscopy: 
a feasibility study in healthy volunteers (with videos). 
Gastrointest Endosc. 2011;73(1):22–8. Epub 2010 
Nov 9.  

   13.    Menciassi A, Valdastri P, Quaglia C, Buselli E, Dario 
P. Wireless steering mechanism with magnetic actua-
tion for an endoscopic capsule. Conf Proc IEEE Eng 
Med Biol Soc. 2009;2009:1204–7.  

    14.    Valdastri P, Quaglia C, Susilo E, Menciassi A, Dario 
P, Ho CN, et al. Wireless therapeutic endoscopic cap-
sule: in vivo experiment. Endoscopy. 2008;40:979–
82. Epub 2008 Dec 8.  

    15.    Swain P. History and future. In: Faigel DO, Cave DR, 
editors. Capsule endoscopy. Philadelphia, PA: 
Saunders Elsevier; 2008. p. 3–11.  

    16.    Swain P, Toor A, Volke F, Keller J, Gerber J, 
Rabinovitz E, et al. Remote magnetic manipulation of 
a wireless capsule endoscope in the esophagus and 
stomach of humans. Gastrointest Endosc. 2010;
71:1290–3.  

    17.    Rahman I, Pioche M, Shim CS, Sung IK, Saurin J-C, 
Patel P. 219 Magnet Assisted Capsule Endoscopy 
(MACE) in the upper GI tract is feasible: fi rst human 
series using the novel Mirocam-Navi System. 
Gastrointest Endosc. 2014;79(5 Suppl):AB122.      

Video Legends
Video 16.1 - Showing how the MGCE can be 
maneuvered.
Video 16.2 - MGCE navigation. Using dual 
monitors that show images from both sensors of 
the capsule, the physician controls the motion of 
the capsule by means of two joysticks.
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            Introduction 

 The prospect of endoscopically visualizing the 
small bowel is a medical breakthrough. 
Signifi cant technological advancements are 
pushing the frontier even further: improved 
optics, maneuverable capsules, and the possibil-
ity of simultaneous sampling and localized treat-
ment. The fi eld has also witnessed software 
advancements. The majority revolve around 
improving the experience of viewing the exhaust-
ing wealth of visual recordings [ 1 ,  2 ]. 

 Capsule endoscopy in its entirety is time con-
suming. Although the administration and setup 
need only a few minutes, the equipment must be 
worn for 10–12 h and the study generates 14,400–
72,000 frames. These need to be meticulously 
reviewed as pathology might be limited to a sin-
gle frame. The goal of software augmentations is 
to make the analysis easier whilst maintaining the 
highest level of accuracy. 

 Given Imaging (Covidien) developed and 
released the fi rst small bowel capsule for clinical 
use in 2001. Since then they have released vari-
ous models. A handful of capsules have also been 
developed by competing companies. In addition 
to variations in the image sensory, dimension, 
data transmission, angle of view, battery life, and 
light exposure, each pill offers unique software 
packages and features. 

 Patient registration, data download, study 
analysis, and report generation are the four major 
components of any software package. In tandem 
with the proprietary hardware each major manu-
facturer has attempted to provide an intuitive 
 system. Moreover, various modules of these 
packages are available including patient, online, 
mobile, workstation/reader, and live feedback 
stations. Some also embed a safety mechanism to 
account for battery life deterioration at around 
400 charge cycles. 

 This chapter will give a basic overview of the 
current manufacturers capsule endoscopy hard-
ware and software with a major emphasis on the 
technological improvements since initial release 
into the marketplace.  

    Resolution 

 A key technological advancement that ushered 
in capsule endoscopy was the miniaturization 
of the wireless transmitter. An oscillating elec-
tromagnetic radiation in the microwave range 
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(0.3–300 GHz) was deemed to be safe and 
 reliable [ 3 ]. As data transmission drains the 
majority of the limited onboard batteries, the 
image quality of capsules is poorer than con-
ventional endoscopy. Compared to the standard 
solution of image compression, more innova-
tive technology includes electric fi eld propaga-
tion (MiRo capsule, IntroMedic, Seoul, Korea) 
to transmit data independent of radiofrequency 
transmitters. This proprietary technology relies 
on the use of the human body’s natural conduc-
tive capacity to transmit images to the recorder. 
Moreover, dynamic images of a higher resolution 
are also necessary as the frontier is advancing 
toward therapeutic capsules.  

    Recording a Video 

 Not limited to the analysis, some newer- 
generation recorders are able to trigger appropri-
ate alerts in reference to predefi ned instructions. 
These include dietary restriction, and termination 
notices. In the near future, prompts for prokinetic 
“boosters” could rely on real-time data regarding 
capsule mobility.  

    Viewing a Video 

    Automatic Modes 

 A number of algorithms have been developed to 
eliminate or stack similar images; Quickview 
(Given Imaging) and Express-Selected and Auto-
Speed- Adjusted mode (Olympus Imaging) are 
examples. Such developments preceded dynamic 
frame rates and aimed to minimize images cap-
tured during periods of capsule stagnation, hence 
shortening the study duration and highlighting 
pathology. 

 In a retrospective analysis of 70 patients, the 
Express-Selected mode resulted in a signifi cantly 
quicker read time with minimal drop in sensitiv-
ity [ 4 ]. Authors were cautious to recommend 
larger multicenter trials. Comparatively, the 2012 
review by Kyriakos et al. [ 5 ] of 100 wireless cap-

sules using Quickview had a diagnostic miss rate 
of 12 %, but reduced the reading time of manual 
mode, at 10 frames per second, by a factor of 4. 
The authors recommended the abbreviated mode 
as a safe diagnostic tool in larger or diffuse 
lesions. Others have used Quickview confi dently 
in the analysis of obscure gastrointestinal bleed-
ing (OGIB) with sensitivity, specifi city, and posi-
tive and negative predictive values exceeding 
90 % [ 6 ]. 

 Other augmented diagnostic modalities have 
been developed. Analyzing colors and contours, 
fi rst-generation image-processing software have 
limited sensitivity but have the potential to sig-
nifi cantly shorten reading time [ 7 ]. Some more 
promising models in development are specifi c for 
Crohn’s disease lesions [ 8 ]. 

 Another strategy to shorten duration is the 
automatic elimination of images of poor quality 
or bubbles and debris that might interfere with 
mucosal evaluation (Endocapsule 10 System, 
Olympus Imaging, Japan).  

    Overview Methods 

 Upon importing, most video capsule software 
systems provide an overview of the recording 
time overlaid with average color representation 
from each image. This allows for an approxima-
tion of the various anatomic locations, a compre-
hensive representation of the entire video, and an 
alternative method of navigation via a moving 
slider or pointer. 

 The ability to identify anatomic locations is 
paramount to analyzing images, putting them 
into perspective, and highlighting pathology. 
Moreover, landmarks are needed for various soft-
ware augmentation and report generation includ-
ing localization and GI segment passage times, 
both discussed later. 

 Various landmarks have been suggested. In 
addition to the conventional, esophageal, gastric, 
duodenal, and cecal images, some manufacturers 
recommend identifying the Z-line, ileocecal 
valve, and hepatic and splenic fl exures depending 
on the capsule being used.  
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    Single, Double, and More Advanced 
Viewing Modes 

 Users are able to adjust the rate of view of various 
software systems. To increase effi ciency whilst 
maintaining the highest yield for pathology, the 
viewing layout has advanced from a single frame 
on screen, to two, and four frames. The four- 
frame view, Quad View (Given Imaging, 
Yokenam) (Fig.  17.1 ), displays four consecutive 
images in a clockwise fashion. Other formats are 
specifi c to each company, including mosaic view, 
which displays 18 consecutive frames, collage 
view, and 360, which generates a panorama from 
the four cameras on the CapsoCam model 
(Capsovision, CA) (Fig.  17.2 ). All these methods 
increase the number of images at one time but 
paradoxically decrease the individual image 
change rate.   

 There are limited comparative data assess-
ing the diagnostic outcome of the various 
image- viewing options. Zheng et al. compared 
detection rates of 24 clips analyzed by 23 expe-
rienced endoscopists in four different modes. 
Single view at 15 and 25 frames per second 
(fps) in addition to Quad view at 20 and 30 fps. 
With the exception of the single view at 25 fps, 

overall detection rate was not affected by view-
ing mode or speed, and was independent of 
endoscopist experience. The authors recognize 
the limited pathology in their sample, the 
absence of surgical or endoscopic confi rmation, 
and small sample size [ 9 ].  

    Given PillCam Progress Indicator 

 Upon identifi cation of the duodenal and cecal 
landmarks, the Progress Indicator (Fig.  17.3 ) 
allows for a graphical indication of the percent-
age of small bowel that has been viewed at any 
point. It also estimates a degree of image similar-
ity based on pixel redundancy between adjoining 
images, which aims to refl ect the variable speed 
of transit of the capsule at various anatomic 
locations.   

    Size Estimation 

 Various tools have been developed to approximate 
the size of lesions visualized on VCE. Validation 
of such systems is limited to specifi c lesions and 
cannot be generalized (e.g., Given’s Polyp Size 

  Fig. 17.1    A sample of Quadview image overview       
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Estimation tool). Most companies emphasize 
these tools as research platforms that should not 
be used in clinical decision-making.  

    Software Augmentation—Blood 
Indicators 

 Both Given and Olympus have developed soft-
ware algorithms that highlight images containing 
red pixels. Indicative of suspected bleeding or 
angioectasias, they allow the interpreter to rap-
idly review sequences when capsules are utilized 
for obscure gastrointestinal bleeding. 

 At best complimentary, these features do not 
replace a thorough evaluation of all the images. 
There has been a confl icting wealth of literature 
regarding the accuracy of blood indicator soft-
ware. The strongest evidence comes from active 
small bowel bleeding. Accuracy was higher in 
patients who required larger amounts of blood 
transfusion [ 10 ]. In a retrospective review of 109 
lesions from a single center, the blood-indicating 
algorithm had a sensitivity, positive predictive 
value, and accuracy of 81.2 %, 81.3 %, and 
83.3 % respectively [ 11 ], whereas other groups 
have deemed the technology to have no timesav-
ing utility and limited clinical value [ 12 ]. 

  Fig. 17.2    Panoramic images from the CapsoCam capsule. 
 Blue arrows , sample duodenal papillas. Reprinted with per-
mission from Friedrich K, Gehrke S, Stremmel W, Sieg 

A. First clinical trial of a newly developed capsule endo-
scope with panoramic side view for small bowel: a pilot 
study. J Gastroenterol Hepatol. 2013;28(9):1496–501       

  Fig. 17.3       Progress Indicator, PillCam ®  Capsule Endoscopy       
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Supporting that view, Signorelli et al. found an 
overall and per-patient sensitivity of 28 % and 
41 % in their retrospective review of 95 patients 
[ 13 ]. Experimental ex-vivo models indicate that 
yield is greatly affected by background color and 
capsule velocity [ 14 ]. 

 To avoid mislabeling images, such features 
can only be activated once the anatomic land-
marks have been identifi ed. Moreover, the thresh-
old for degree of redness and number of pixels 
can be adjusted. In the Given system the sus-
pected bleeding is displayed as red “ticks” over-
lying the time bar (Fig.  17.4 ). A review method is 
available allowing easy navigation between the 
suspected images.  

 Blood detection is currently only available for 
small bowel capsules, but the technology should 
be easily exportable to colonic and esophageal 
systems with limited tweaking.  

    Resolution and Image Adjustment 

 Moving away from electronic parts designed for 
general consumer use, biomedical engineering 
collaborators have developed capsule technology 
further. This includes, but is not limited to, photo 
recording chips with greater dynamic range that 
can switch between linear and logarithmic to bet-
ter emulate the natural accommodation and range 
of the human eye. Such capsules are advancing 
the frontier with images of greater resolutions, 
captured at faster frame rates, with minimal 
power consumption [ 15 ]. 

 Some manufacturers include proprietary tech-
nology to enhance images by altering sharpness, 
color, brightness, and contrast [ 16 ]. One such 
innovation, virtual chromoendoscopy, employed 
by Fujinon’s Intelligent Chromoendoscopy and 
Given’s FICE (versions 1, 2 and 3) and Blue Mode, 
use spectral estimation to narrow the bandwidth of 
conventional endoscopy. These fi lters are analo-
gous to digitized formats of the narrow band imag-

ing of conventional endoscopy. There are widely 
discrepant results in the literature regarding the 
utility of these modalities. In a review assessing 
the validity of FICE or Blue mode, improvement 
ranged from 7.7 % to 87.7 % depending on the 
indication and mode of FICE. Moreover, in the 
same review FICE false positivity was increased 
with poor bowel preparation [ 17 ]. 

 Olympus’s Contrast Image Capsule has com-
bined hardware and software changes which uti-
lizes a blue enhanced white light emitting diode. 
In addition to white light images, contrast images 
are generated by extracting the green and blue 
wavelengths from the spectrum [ 18 ]. A feasibil-
ity study limited to a few patients suggests that 
this technology enhances visibility in polyposis 
syndromes [ 19 ]. 

 In an editorial, Spada and associates reviewed 
the discordant literature and concluded that vir-
tual chromoendoscopy visually enhanced lesions 
which had been previously identifi ed, but did not 
improve upon the detection rate [ 20 ].  

    Panoramic and 3D Modeling 

 Panoramic segmental images of the small bowel 
can be captured by positioning cameras on the side 
of the capsule (CapsoCam, Capsovision, CA). 
Similar images can also be generated via mathe-
matical modelling. Moreover, algorithmic manip-
ulation of a series of two-dimensional images has 
generated a three-dimensional model of the small 
bowel as reported by Fan et al. [ 21 ]. Such software 
reconstruction signifi cantly enhances vascular 
lesions but has been shown to have limited yield in 
infl ammatory and protruding lesions [ 22 ].  

    Localization 

 Triangulation by utilizing the variable strength of 
signals reaching the various leads allows for the 
approximation of the location of the capsule in 
the small bowel, which can be modeled on a two- 
dimensional chart. The belt and sensor array can 
be used for the location of the Given PillCam 
small bowel and colon (Fig.  17.5 ) and the 

  Fig. 17.4    Blood Indicator, PillCam ®  Capsule Endoscopy       
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Olympus Endocapsule systems. Localization is 
of greatest yield in anatomical anchored seg-
ments of the bowel.  

 Some software systems allow for the segmen-
tation of the fi gure to include various anatomical 
locations, usually reported by a number of colors. 
Under development, feature tracking [ 23 ], 
 contraction pattern analysis [ 24 ], and locality- 
preserving projections [ 25 ] have generated a 
precision of 95 %, 51 %, >90 % respectively in 
automatic localization of images relative to 
 gastrointestinal organs. 

 Other modalities include the use of embedded 
magnetoresistive arrays and ultrasonic localization.   

    Reporting 

 Most software packages have sophisticated report-
ing modules. Results are documented alongside 
indications and performance parameters. 

 Many reporting systems include templates 
and dictionaries linked to prepopulated and cus-
tomizable databases that aim to simplify data and 
create a more effi cient report generation process. 

 In addition to including text, most systems 
allow the operator to include representative 
images, markings (including circles and arrows), 
size estimation, and comments. They also have 
the option to link various images with anatomic 
pictorial illustrations for ease of interpretation. 

 Master video fi les are frequently exportable. 
This creates a platform to share videos for the 

purpose of consultation or academic discussion/
analysis. Moreover, many systems allow for the 
generation of a “fi ndings” fi le that can be exported 
independent of either the master video or report. 
Moreover, most programs are well integrated 
with existing electronic health records. 

    Lewis Score 

 The Lewis Score [ 26 ] is a scoring system based on 
quantitative and qualitative descriptors—of endo-
scopic variability in villous edema, ulceration, and 
stenosis—that measure extent of mucosal damage. 
It provides a standardized score that is highly 
reproducible, which provides a common language 
to quantify small bowel infl ammatory changes. 

 Once the tertiles (three equal segments of the 
small bowel evaluation) are defi ned, the three 
endoscopic parameters are measured and inputted 
into the software package for each tertile segment. 

 The edema component includes the appear-
ance (relationship of the width to the height of 
the villi), longitudinal extent, and distribution. 
Ulcers are defi ned as mucosal breaks with a white 
or yellow base surrounded by a red or pink color, 
this parameter incorporates the number, longitu-
dinal, and circumferential extent of visualized 
ulcers. In addition to identifying the number of 
stenotic lesions, the presence or absence of ulcer-
ating features and ability to be traversed are also 
documented. Numbers are recorded as single, 
few, or multiple, while distribution is localized, 
patchy, or diffuse in nature. Finally, longitudinal 
extent is judged as short, long, or whole segment. 

 Total scores of 135 and less, 135–790, and 
greater than 790 are consistent with clinically 
insignifi cant fi ndings, mild infl ammatory 
changes, and moderate to severe mucosal infl am-
mation, respectively.  

    Atlas 

 The rapid utilization of capsule endoscopy to 
diagnose an expanding list of gastrointestinal ill-
ness, notably in the small bowel, has generated 
an ever-growing resource of images. These have 

  Fig. 17.5    Localization, PillCam ®  Capsule Endoscopy       
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been grouped into various disease categories 
based on correlative conventional endoscopy, 
surgical resections, postmortem analysis, and 
pattern similarities with other disease entities. 

 The grouping of such images into conven-
tional atlases has generated reference texts that 
are essential to every practice. They provide an 
overview of normal anatomy, acceptable vari-
ants, and pathophysiological patterns. Moreover, 
they are essential in the training of any endo-
scopic capsule interpreter. 

 Most software now includes digital atlases. 
Unique features include the ability to compare 
selected thumbnails side-by-side with the atlas, 
and online atlases that are constantly updated. 
They are frequently indexed based on anatomy 
and pathophysiology.   

    Conclusion 

 Video capsules have allowed us to explore the 
black box of endoscopy: the small bowel. Just as 
with any medical innovation the frontier is 
advanced on a nearly daily basis by ongoing devel-
opment in both hardware and software. A signifi -
cant portion of the software development comes 
from other fi elds. Its success is the product of col-
laborations between physicians, engineers, math-
ematicians, and physicists. This chapter attempts 
to highlight some of the key developments in the 
fi eld, and shed light on upcoming technology.     
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           Introduction 

 It has been more than 10 years since the release 
of the fi rst model of the double-balloon endos-
copy (DBE) system (EN-450P5) in the autumn 
of 2003 [ 1 ]. Ten years later, in 2013, a new 
model was released: EN-580T. This new entero-
scope has a larger accessory channel of 3.2 mm 
instead of 2.8 mm while at the same time main-
taining the same outer diameter of the endoscope 
(9.4 mm) as the previous model (EN-450T5). 
The larger channel will improve therapeutic 
intervention capability. In addition, the image 
quality is much improved, providing near focus-
ing with a longer focus range. This chapter will 
review recent developments in DBE including its 
application for other uses in addition to standard 
enteroscopy.  

    Characteristics of DBE 

 The remarkable features of DBE are not only its 
ability to intubate deep into the small intestine 
but also the ability to maintain good control of 
the endoscope tip during deep intubation. In 
addition, the accessory channel has allowed for 
endoscopic interventions such as biopsy, polyp-
ectomy, hemostasis, and balloon dilation in the 
deep small intestine. The endoscopic capabilities, 
along with the ability to deliver endoscopic ther-
apy for a wide range of small intestine disorders, 
have defi nitely helped to revolutionize the man-
agement of small intestinal diseases.  

    Endoscopic Treatments in the Small 
Intestine 

 Most of the endoscopic treatments available in 
colonoscopy have become feasible in the small 
intestine using DBE. However, endoscopic 
treatments in the small intestine should be per-
formed with special care because the intestinal 
wall is thin and soft, making it more vulnerable 
to perforation than other segments of the gas-
trointestinal tract. To prevent perforation, sub-
mucosal injection of normal saline at the site of 
treatment should be considered whenever such 
a risk is noted. Moreover, because the lumen of 
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the small intestine is narrow and control of the 
 endoscope is sometimes diffi cult, it is best to 
avoid over insuffl ation, which can make endo-
scopic  treatment diffi cult. Attachment of a trans-
parent hood at the tip of the endoscope is useful 
to maintain an adequate endoscopic view with-
out insuffl ation (Fig.  18.1 ). Use of CO 2  instead 
of room air is also useful for avoiding over insuf-
fl ation (Fig.  18.2 ).    

    Desire for a Larger Accessory 
Channel 

 The therapeutic DBE with a 2.8 mm accessory 
channel (EN-450T5) can accommodate most of 
the accessory devices for endoscopic treatment, 
such as clip devices and balloon-dilation cathe-
ters. However, the insertion of these accessory 
devices can be diffi cult at times because the 
channel is tight and the endoscope shaft is long 
and often intricately looped. Moreover, suction-
ing of intestinal fl uid or blood is almost impossi-
ble while accessory devices are in the channel. 
Therefore, a therapeutic DBE with a larger acces-
sory channel has been long desired.  

    Development of New Therapeutic 
DBE (EN-580T) 

 The distinctive feature of the double-balloon 
scope is the effective transmission of endoscopic 
control to the tip from the proximal endoscope 
shaft through the balloon overtube (Video  18.1 ). 

  Fig. 18.1    A transparent hood (D201-10704, Olympus, 
Tokyo, Japan) attached to the tip of the endoscope       

  Fig. 18.2    CO 2  insuffl ation 
device (GW-1, Fujifi lm, 
Tokyo, Japan)       
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The transmission of the control does not rely on 
the stiffness of the shaft. Therefore, a thin and 
soft endoscope can be inserted and controlled in 
the deep small intestine. In order to intubate the 
soft and tortuous small intestine safely and effec-
tively, the endoscope shaft should be thin and 
soft. Therefore, the manufacturer kept the same 
outer diameter of the endoscope even though the 
size of the accessory channel is increased to 
3.2 mm. The new therapeutic EN-580T has a 
larger 3.2 mm accessory channel, but its outer 
diameter is the same at 9.4 mm (Table  18.1  and 
Fig.  18.3 ). As a result, this new model has 
improved intervention capability while maintain-
ing the same ability to insert deeply into the small 
bowel.

       Features of EN-580T 

    Improved Interventional Capabilities 
 With the large accessory channel, insertion of 
accessory devices is easier because of less fric-
tion between the channel and the devices. This is 

especially notable for the balloon-dilation cathe-
ter because with the smaller channel there was 
signifi cant friction at the tip of the catheter. 

 Endoscopic hemostasis for bleeding lesions 
is one of the more common therapeutic interven-
tions performed during deep enteroscopy. Argon 
plasma coagulation, injection therapy, and clip 
placement are all available with DBE. When 
attempting control of hemostasis, it is impor-
tant to identify the bleeding point and precisely 
apply the endoscopic treatment to the appropri-
ate blood vessel. In order to identify the bleed-
ing point, washing and suctioning the blood at 
the area of bleeding is very important. Once the 
bleeding point is identifi ed, an accessory device 
for hemostasis is inserted through the acces-
sory channel. However, because of the long 
shaft of the double- balloon scope, and the time 
it takes to insert the device, the bleeding point 
is often covered by blood before the device is 
fully inserted. In such cases, the bleeding point 
could be diffi cult to identify and withdrawal of 
the device is then required to wash the blood 
again. Using the new therapeutic EN-580T, 

  Fig. 18.3    Comparison of 
the accessory channel sizes 
between EN-450T5 and 
EN-580T       

   Table 18.1    Specifi cation of the double-balloon endoscopes   

 Diagnostic type  Therapeutic type  Short type 

 EN-450P5  EN-580XP  EN-450T5  EN-580T  EC-450BI5  EI-530B 

 Outer diameter (mm)  8.5  7.5  9.4  9.4  9.4  9.4 
 Accessory channel (mm)  2.2  2.2  2.8  3.2  2.8  2.8 
 Working length (mm)  2,000  2,000  2,000  2,000  1,520  1,520 
 Viewing angle (°)  120  140  140  140  140  140 
 Minimum focus distance (mm)  5  2  3  2  3  3 
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water infusion for washing and suctioning is 
possible while keeping the hemostatic device 
in the channel because there remains enough 
space between the channel and the device. This 
feature makes the hemostatic procedure much 
easier and reliable. 

 For the infusion of water through the acces-
sory channel while keeping the accessory 
devices in place, BioShield irrigator (US 
Endoscopy, Mentor, OH, USA) is a useful tool 
(Fig.  18.4 ). Water can be infused through the 
irrigator using a syringe or a water pump. The 
BioShield irrigator is also useful for adding con-
trast medium during balloon dilation of an intes-
tinal stricture. Balloon dilation is performed 
under fl uoroscopy guidance after the stricture is 
visualized with contrast medium (Fig.  18.5a ). 
However, after the fi rst dilation with the balloon 
dilator, the contrast medium in the intestinal 
lumen often disappears distally down the intes-
tine (Fig.  18.5b ). In such cases, it was previ-
ously necessary with the 2.8 mm accessory 
channel to withdraw the balloon dilator to delin-
eate the stricture again with additional contrast 
medium. Using the 3.2 mm accessory channel, 
however, contrast medium can be added through 
the BioShield while the balloon dilator is kept in 
the channel (Fig.  18.6a ). Because the stricture 

can be delineated clearly again (Fig.  18.6b ), the 
second dilation can be performed properly and 
safely (Fig.  18.6c ).     

  Fig. 18.4    BioShield irrigator (US Endoscopy, Mentor, 
OH, USA)       

  Fig. 18.5    ( a ) Fluoroscopic image of the stricture visualized with contrast medium. ( b ) Fluoroscopic image of the fi rst 
balloon dilation       
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    Improved Image Quality 
 Despite the limited space for image capturing 
units due to the larger accessory channel, the 
image quality of EN-580T has actually 
improved signifi cantly. The EN-580T entero-
scope has a new Charge Coupled Device 
(CCD), which is smaller but has a higher reso-
lution than the previous model. The new CCD 
is very compatible with Flexible Spectral 
Imaging Color Enhancement (FICE). Small 

intestinal villi can be clearly visualized using 
FICE with EN-580T (Fig.  18.7 ). This new 
model also added a newly designed lens, which 
has a long focus range of 2–100 mm. Due to the 
clear image with the near focus of 2 mm, small 
intestinal villi can be observed clearly with a 
magnifi ed image. Because of the long focus 
range, both the close-up view and the distant 
view are clear enough for a detailed examina-
tion (Video  18.2 ).     

  Fig. 18.6    ( a ) Fluoroscopic image before the second dila-
tion. The contrast medium in the intestinal lumen has dis-
appeared distally down the intestine. ( b ) Fluoroscopic 

image of the stricture revisualized with additional infu-
sion of contrast medium through the BioShield irrigator. 
( c ) Fluoroscopic image of the second balloon dilation       
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    Desire for a Thinner DBE 

 Even with the double-balloon enteroscope, deep 
enteroscopy can be challenging. The reasons for 
the diffi culty include sharp angulations due to 
adhesions, narrowing of the intestinal lumen, 
and/or active infl ammation of the intestine. 
Because the insertion principle of DBE does not 
rely on the rigidity of the endoscope shaft, a thin-
ner scope should work as well. A thinner DBE 
could overcome the aforementioned diffi culties 
and should be gentler and safer. This would be a 
particular advantage in the pediatric population 
where the usefulness of deep enteroscopy has 
been reported [ 2 ]. Therefore, a smaller diameter 
enteroscope would have clear advantages.  

    Development of New Diagnostic 
DBE (EN-580XP) 

 Expecting a gentler and less invasive insertion, a 
new diagnostic DBE scope (EN-580XP) has been 
developed. This DBE is even thinner and softer 
than the current DBE model, EN-450P5 (the 
outer diameter: 7.5 mm versus 8.5 mm). The 
diameter of the overtube for EN-580XP is also 
1 mm smaller than the one for EN-450P5. The 
size of the accessory channel is the same as the 
current model (2.2 mm) (Fig.  18.8 ).  

 This new diagnostic DBE has the same optical 
units as EN-580T. Therefore, it has an excellent 
image quality that is similar despite the very 
small diameter.    

  Fig. 18.7    Endoscopic images of small intestinal villi with white light and FICE       

  Fig. 18.8    Comparison of the outer diameter sizes between EN-450P5 and EN-580XP       
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    Expected Utility of EN-580XP 

 This new diagnostic enteroscope is especially 
useful for pediatric patients and patients with 
Crohn’s disease. Because of the less invasive 
insertion procedure expected with this new 
model, it could be used for evaluating infl amma-
tion in the small intestine. The image quality with 
a clear close-up view is also an attractive feature 
for investigation of morphological changes of the 
villi in various small intestinal diseases.   

    Other Applications of DBE 

 The improved features of DBE, including 
improved performance in insertion and stabili-
zation, can be applied to other procedures in 
addition to standard enteroscopy. It has been 
reported that DBE is useful for exploring seg-
ments of intestine in patients with surgically 
altered anatomy, such as intubation into the 
afferent limb of a Roux-en-Y reconstruction [ 3 ]. 
DBE can therefore be used for ERCP in patients 
who have undergone total gastrectomy, pancre-
aticoduodenectomy, or living-donor liver trans-
plantation [ 4 ,  5 ]. 

 DBE is also useful for patients with a history 
of diffi cult colonoscopy. In some cases, com-
plete colonoscopy is not possible with a conven-
tional colonoscope. One reason is adhesions in 
the sigmoid colon or transverse colon, which 
prevent straightening of that region and compli-
cate deep insertion of the endoscope. Without 
straightening, the curved segment of the colon is 
stretched by the shaft of a colonoscope in 
attempts to insert the scope. However, the dou-
ble-balloon scope can prevent stretching of the 
curved colon by gripping the colon with the 
overtube balloon. Force can thus be transmitted 
to the tip of the endoscope effectively in endo-
scopic insertion. This feature of DBE enables 
total colonoscopy even in such diffi cult cases. 
The success rate for total colonoscopy using 
DBE for diffi cult colons has been reported as 
88–100 % in the literature [ 6 – 9 ]. 

 DBE is also useful in stabilizing the endo-
scopic control for complicated treatments such as 

endoscopic submucosal dissection (ESD) in the 
colon. Maintaining a stable position can be diffi -
cult at times with paradoxical movement in some 
parts of the colon. Using the double- balloon 
scope, however, the overtube balloon can grip 
and stabilize colon, enabling a more stable posi-
tion with straightforward movements of the 
endoscope tip. 

 A short version of the double-balloon endo-
scope, the EC-450BI5 and EI-530B, with a work-
ing length of 152 cm and accessory channel of 
2.8 mm is useful for the aforementioned pur-
poses. Most of the standard accessories for ERCP 
and some accessories for colonoscopic therapies 
are too short for the 200 cm DBE, but can be used 
with the 152 cm DBE.  

    An Overtube Holder for DBE 

 Double-balloon endoscopy usually requires an 
assistant to hold the overtube for conducting the 
procedure. However, during therapeutic proce-
dures, the overtube is mainly used for stability 
and does not require active insertion or with-
drawal. In such circumstances, an overtube 
holder (Fig.  18.9 ) is useful, allowing the assistant 
to help with the therapeutic procedure instead of 
holding the overtube. We use the overtube holder 
for all the ESD and ERCP procedures [ 10 ].   

    Conclusion 

    Future Perspective 

 It is clear that deep enteroscopy now has a high 
success rate due to improvements in technology. 
It clearly has revolutionized the management of 
small intestinal diseases. The accessory channel 
has enabled endoscopic treatments for many dif-
fi cult disease conditions such as small intestinal 
polyps in Peutz–Jeghers syndrome and small 
intestinal strictures in Crohn’s disease. The new 
therapeutic DBE should make endoscopic ther-
apy easier and safer and it could expand the 
application of endoscopic therapies in the small 
intestine. The improved image quality will also 
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enhance the ability to examine the mucosa more 
thoroughly. In the future, it is hoped that this 
technology will lead to the development of an 
automated insertion device.        
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Video Legends
Video 18.1 - A video showing the effective trans-
mission of endoscopic control to the tip from the 
proximal endoscope shaft through the balloon 
overtube. The rotation and in-and-out motions 
are effectively transmitted through the overtube 
even with a looping of the shaft.
Video 18.2 - A video showing clear image of 
intestinal villi with EN-580T. Both the close-up 
and distant images are well focused because of 
the long focus range.
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 diagnosis , 7, 141  
 EBD , 147  
 EN-580XP , 251  
 and IBDU , 141  
 MRE 

 cancer , 73, 76  
 fi brostenotic disease , 73, 75  
 fi stulating disease , 72–73, 75  
 mural, mesenteric enhancement and fi brofatty 

proliferation , 70–72, 74  
 mural thickening , 70  
 ulcers and intestinal fold abnormalities , 69–70  

 natural history , 56  
 NSAIDs , 163  
 Peutz–Jeghers syndrome , 251  
 reactive lymph nodes , 56  
 SBCE , 143–144  
 small bowel CE , 98–99  
 small bowel lesions , 141, 142  
 symptoms , 98  
 vascular and mesenteric fi ndings , 55  

   CT.    See  Computed tomography (CT) 
   CT enteroclysis/enterography , 185  
   CT enterography (CTE) 

 adaptations , 59–60  
 applications , 41  
 Crohn’s disease   ( see  Crohn’s disease (CD)) 
 endoscopic techniques , 41  
 imaging   ( see  Imaging, CTE) 
 patient size and indication , 60  
 principles and patient preparation , 42  
 small bowel tumors , 41  

    D 
  Data download, CE software package , 237  
   Deep enteroscopy 

 balloon-guiding endoscopy , 108  
 double and single-balloon , 4  
 ERCP , 108  
 oral and anal approach , 4  
 push-and-pull maneuvers , 4  
 SBE and DBE , 107  

   Device-assisted enteroscopy (DAE) , 107, 117  
 advantages and disadvantages , 146  
 balloon-assisted and spiral technologies , 146  
 biopsy/endotherapy , 141  
 carcinoid tumor , 183–184  
 and CE , 179, 184  
 celiac diseases , 182  
 diagnosis and assessment , 146–147  
 diagnosis SBTs , 182  
 double-balloon enteroscopy , 182–183  
 duodenal and jejunal GIST , 182, 183  
 EBD , 147  
 extensive abdominal surgery , 182  
 histopathological evaluation , 148  

 impact of , 185  
 invasive and labor intensive , 182  
 jejunal and ileal GISTs , 182  
 management, SBTs , 184–185  
 metaanalysis , 184  
 NETs , 183  
 OGIB , 182  
 small-bowel cancerous lesions , 182  
 snare polypectomy , 192  
 subtypes , 182  
 therapeutic interventional procedures , 182  
 ulceration and edema , 146, 147  
 ultrasonography , 185  

   Diffi cult colon, DBE , 251  
   Diffusion-weighted MR (DW MR) 

 ADC values , 81–82  
 advantages , 81  
 axial true-FISP image , 82, 83  
 bowel abnormalities , 81  
  b  value , 81  
 infl ammatory bowel disease , 80–81  
 infl ammatory CD , 81  
 intra-abdominal abscesses , 83  
 intravenous contrast , 84  
 mucosal disease , 84  
 transmural ulcers and sinuses , 82  
 water molecules , 81  

   Double-balloon endoscopy (DBE) 
 characteristics , 245  
 developments , 245, 252  
 diffi cult colonoscopy , 251  
 EC-450BI5 and EI-530B , 251  
 EN-580T   ( see  EN-580T) 
 EN-580XP   ( see  EN-580XP) 
 ERCP 

 procedure , 211  
 RYGB , 214  

 larger accessory channel (EN-450T5) , 246  
 overtube holder , 251, 252  
 performance, insertion and stabilization , 251  
 Peutz-Jeghers syndrome , 251  
 thinner , 250  
 treatments, small intestine , 245–246  

   Double-balloon enteroscopy (DBE) 
 enteroscopy device , 113  
 and SBE , 107  
 therapeutic , 111  

   Duodenal obstruction 
 Crohn’s patient , 166  
 midgut volvulus , 18  
 palliation , 170  
 pancreatic cancer , 163  

   Duodenoscope 
 duodenum , 217  
 gastrojejunostomy , 210  
 limb traversed , 210  
 Roux-en-Y anatomy , 211  
 standard , 213, 215  

   Duodenum , 42, 46, 52, 55, 68, 76  
   DW MR.    See  Diffusion-weighted MR (DW MR) 
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    E 
  Endoscopic balloon dilation (EBD) , 146, 147, 165  
   Endoscopic retrograde cholangiopancreatography 

(ERCP) , 108, 111, 114, 115  
   Endoscopic ultrasound (EUS) 

 ERCP failure , 218  
 gastrostomy , 217  
 transgastric PEG placement , 217  

   Endoscopy 
 ambulatory basis , 33  
 cantor tube , 32  
 capsule , 30  
 cholangiograms , 32  
 duodenal adenocarcinoma , 31  
 esoteric and rather terrifying , 29  
 fi sheye lens , 33  
 gastrointestinal bleeding , 30  
 gastroscopy , 29  
 HHT , 35  
 intraoperative enteroscopy , 34  
 jejunal feeding tubes , 31  
 metastatic disease , 30  
 nasojejunal feeding tubes , 32  
 nonsteroidal anti-infl ammatory drugs , 36  
 nuclear medicine scans , 30  
 overtube assisted devices , 29  
 peristalsis , 31  
 polypectomies , 35  
 Ponsky gastrostomy techniques , 32  
 proximal jejunum , 30  
 rope-way method , 32  
 Rubin tube , 31  
 Seldinger technique , 32  
 SIF-SW , 33  
 sonde enteroscope , 33  
 SSIF , 32  
 transnasal enteroscope , 33  

   End-to-side anastomosis 
 Billroth II , 201  
 jejunoileal bypass , 199, 200  
 jejunum , 202  
 terminolateral , 199  
 two stomal lumens, endoscopy , 199, 200  

   EN-580T 
 balloon dilation , 248  
 BioShield irrigator , 248  
 bleeding lesions , 247  
 and EN-450T5 sizes , 247  
 hemostasis control , 247  
 image quality , 249–250  
 second dilation , 248–249  
 specifi cation , 247  
 stricture visualized with contrast medium , 248  
 transmission control , 246–247  
 water infusion , 248  

   Enteroscopy , 215, 216  
 balloon   ( see  Double-balloon endoscopy (DBE)) 
 deep ulcers/strictures , 159  
 duodenal and jejunal biopsies , 158  
 ERCP in altered anatomy 

 afferent limb intubation , 211–212  

 overtube-assisted , 211  
 preprocedure planning , 210–211  

 MR/CT , 159  
 mucosal lesions , 158  
 refractory celiac disease , 158  
 T cell lymphoma , 159  
 type I and II disease , 158–159  

   EN-580XP 
 Crohn’s disease , 251  
 and EN-450P5 sizes , 250  
 image quality , 251  

   ERCP failure , 218  
   ERCP in altered anatomy 

 adverse events , 209  
 BAE , 210  
 bariatric surgery and liver transplant , 209  
 cannulation , 213–214  
 choledochojejunostomy , 213–215  
 Enteroscopy   ( see  Enteroscopy) 
 failure , 218  
 hepaticojejunostomy , 213  
 interventions , 218–219  
 native papilla , 209, 210  
 normal pancreaticobiliary pathology , 209  
 overtube-assisted technology , 218  
 pancreaticobiliary limb , 212  
 pancreaticojejunostomy , 213–215  
 and percutaneous-biliary access 

 balloon-assisted technology , 217, 218  
 EUS , 217  
 intervention , 216–217  
 limitations , 217  
 pathology , 216  
 Roux-en-Y gastric bypass surgery , 217  

 postsurgical , 209  
 prevention , 219  
 revision , 219  
 Roux-en-Y anastomosis , 210  
 RYGB , 214  
 short afferent limbs, Billroth II , 209–210  
 sphincterotomy , 215–216  
 systematic review , 218  

   European Society of Gastrointestinal Endoscopy (ESGE) 
guidelines , 181  

    F 
  Familial adenomatous polyposis (FAP) 

 CT and MRI , 190–191  
 desmoid tumors , 190  
 duodenal cancers , 187–188  
 endoscopic treatment , 188–189  
 extensive pouch , 189  
 jejunal/ileal , 189  
 large duodenal adenomatous polyp , 187, 188  
 multiple ileal polyps, CE   ( see  Capsule 

endoscopy (CE)) 
 PE , 189  
 periampullary , 187  
 prophylactic colectomy , 187  
 small-bowel FAP adenomas , 188  
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    G 
  Gastric bypass 

 Billroth II anatomy , 210  
 papilla intact , 210  
 Roux-en-Y reconstruction , 210, 211, 217, 219  

   Gastric outlet obstruction (GOO) , 171  
   Gastric overtube , 211  
   Gastrostomy 

 endoscopic-assisted , 210  
 ERCP , 217  
 excluded stomach , 217  
 surgical , 210, 218  

    H 
  Half-Fourier single shot turbo spin-echo (HASTE) , 

68–70, 79  
   Hardware and software, CE 

 manufacturers , 237  
 report , 242–243  
 resolution , 237–238  
 small bowel capsule , 237  
 technological advancements , 237  
 time consuming , 237  
 video   ( see  Video capsule software systems, CE) 

   Hereditary hemorrhagic telangiectasia (HHT) , 35  
   High-resolution MR enterography (HR-MRE) , 67, 80, 81  

    I 
  Idiopathic infl ammatory bowel disease (IBD) 

 CTE and MRE , 142  
 deep enteroscopy , 7  
 diagnosis , 7, 27  
 endoscopic technologies , 141  
 small bowel , 5  
 UC and CD , 141  

   Ileum 
 axial 3D VIBE image , 73  
 and cecum , 79  
 diffusion-weighted imaging , 82  
 DW MR imaging , 83  
 enteric phase , 42–43  
 fi stulation , 76  
 high-resolution MRE , 81  
 and jejunum , 93  
 linear ulcer , 72  
 mucosal  vs.  integrated reference and endoscopic 

skipping , 56  
   Imaging, CTE 

 abdominal pain , 48, 49  
 adenocarcinoma , 47–48, 50  
 “aneurysmal ulceration” , 49, 50  
 angioectasias and arterial lesions , 51  
 axial enteric and delayed-phase images , 51  
 carcinoid tumors , 48  
 celiac sprue , 45, 46  
 classifi cation , 42  
 coronal arterial, enteric and delayed-phase images , 51  
 dieulafoy lesion , 50–51  
 diffuse hyperenhancement , 47  

 extraenteric fi ndings , 53–56  
 focal mural fi ndings , 47  
 gastroenterologists , 44, 45  
 GI bleeding , 48  
 GIST tumors , 48–49  
 hypoenhancing bowel , 45  
 ileal diverticula , 53  
 intermittent small bowel volvulus patients , 52  
 jejunal Crohn’s disease , 45  
 jejunal hyperenhancement , 44  
 jejunal vascular malformation with phleboliths , 52  
 Meckel’s diverticulum , 52, 53  
 mesenteric border , 44  
 mural hyperenhancement , 44  
 neuroendocrine tumors , 48  
 neutropenic enteritis/giardia , 46  
 normal small bowel , 42–43  
 novice radiologists , 44, 45  
 NSAID-related diaphragm disease , 44  
 pneumatosis , 46, 47  
 polyps and masses , 52  
 radiation enteritis , 44  
 segmental hyperenhancement , 44  
 single-phase , 53  
 SMV thrombosis , 46  
 strictures , 45  
 vascular lesions , 51  

   Imaging, small bowel 
 “alarm” symptoms , 9  
 autoimmune enteropathies , 8  
 CE , 4  
 celiac disease , 8  
 chronic abdominal pain , 9  
 CT enterography , 3–4  
 deep enteroscopy , 4  
 endoscopy , 3  
 infl ammatory bowel disease , 7–8  
 MR enterography , 3–4  
 OGIB , 5–6  
 symptomatology , 5  
 tumors and polyposis syndromes , 6  

   Infl ammation 
 acute and chronic Crohn’s infl ammation , 55  
 in CD , 69, 70  
 CTE , 41  
 DW MR imaging , 83  
 intramural and proximal ileal , 56  
 severity , 99  
 small bowel diverticula , 53  
 terminal ileum , 43  
 transmural , 82  
 ultrasound , 58  

   Infl ammatory bowel disease (IBD) 
 capsule endoscopy , 7  
 Crohn’s disease , 7  
 CTE , 7  
 DW MR imaging , 80–81  
 extraenteric fi ndings , 53–54  
 ileocolonoscopy , 8  
 MRE , 7  
 and noninfl ammatory bowel disease , 59  
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 Infl ammatory bowel disease (IBD) (cont.) 
 pediatric patients , 57  
 terminal ileum , 7  

   Intestinal biopsy technique 
 Brünner’s glands , 157  
 gastroenterologists , 156  
 growth of duodenal villi , 156  
 mucosal healing , 156  
 T cell lymphoma , 156  

   Intestinal malrotation 
 cecal apex , 21  
 cephalic and caudal limb , 18  
 congenital abnormal position , 17  
 contrast-fi lled jejunal loops , 20  
 corkscrew/Z-shaped confi guration , 19  
 duodenal bands , 18, 19  
 duodenojejunal junction , 19, 20  
 ionic hypertonic solutions , 18–19  
 jejunal loops , 19, 20  
 Ladd’s bands , 18, 19  
 left-sided colon , 17  
 malrotation/volvulus , 18  
 mesentery proper , 18  
 midgut rotation process , 17  
 midgut volvulus , 17–18  
 nasogastric tube , 19  
 omphalocele , 17  
 rotational defects , 17  
 SMA , 17  

    J 
  Jejunum 

 adenocarcinoma , 77  
 celiac disease , 78, 79  
 at CT enterography , 43  
 and duodenum , 42–43  

    L 
  Laparoscopic trocar , 217  
   Long afferent limb , 209, 210, 218  

    M 
  Magnetically guided capsule endoscopy (MGCE) 

 accuracy values , 231–232  
 capsule sensitivity , 234  
 clinical protocol , 228  
 development , 233  
 equipment , 226  
 evaluation, upper abdominal symptoms , 233  
 examination, patient position , 228  
 fi xed-focus imaging, abnormal gastric mucosa , 229  
 gastric visualization , 230, 231  
 guidance system , 226  
 human stomach and low level equipment , 228  
 maneuverability 

 mucosal pattern , 226  
 navigation , 226, 227  
 technical , 226, 227  

 material , 225  
 multiple antral ulcerations , 229, 230  
 navigation , 227  
 operator learning curve , 227–228  
 outcomes and data analysis , 228, 229  
 panoramic visualization, lesser curve with pylorus , 

229, 230  
 potential technical diffi culties 

 gastric visualization , 232–233  
 image quality , 233  
 patient position , 232  
 stomach preparation , 231–232  

 screening , 227  
 small bowel disorders in Japan , 234  
 steerable capsules , 234  
 technical requirements , 234  

   Magnetic resonance imaging (MRI) 
 colonoscopy/pathology data , 85  
  vs.  conventional enteroclysis , 65–66  
 enterography examination , 69  
  vs.  wireless capsule endoscopy , 66–67  

   Malabsorptive disorders 
 bacterial overgrowth , 59  
 bone marrow diseases , 5  
 capsule endoscopy and deep enteroscopy 

techniques , 159  
 celiac disease , 8  
 chronic diarrhea evaluation , 159  
 diagnosis , 32–33  
 growth defects , 18  
 hematologic causes , 5  
 maldigestion , 159  
 microbial causes , 159  
 mucosal noninfectious diseases , 159  
 nodular lymphoid hyperplasia , 160  
 small bowel , 5  
 vitamins and minerals , 84  

   Medical therapy 
 CTE , 41  
 DAE , 146  
 fi brotic CD , 72  

   MGCE.    See  Magnetically guided capsule endoscopy 
(MGCE) 

   Moderate sedation/monitored anesthesia care (MAC) , 164  
   Movable/steerable capsule , 234  
   MR enterography (MRE) 

 advantages , 65, 86  
 bowel length measurement , 84–85  
 bowel peristalsis assessment , 84  
 celiac disease , 78, 79  
 clinical uses , 67  
 Crohn’s disease   ( see  Crohn’s disease (CD)) 
 disadvantages , 85–86  
 DW MR , 80–84  
 enteral contrast media , 67–68  
 examinations , 65  
 grading systems , 85  
 HR-MRE , 80  
 infective diseases and disorders , 78–80  
 obstruction , 77–79  
 polyposis syndromes , 74  
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 small intestinal imaging   ( see  Small intestine) 
 soft tissue contrast , 185  
 technique and sequences , 68–69  
 tumors , 74–78  

   MRI.    See  Magnetic resonance imaging (MRI) 

    N 
  NaviAid AB device , 122, 123  
   Nonsteroidal anti-infl ammatory drugs (NSAIDs) , 163, 167  

    O 
  Obscure gastrointestinal bleeding (OGIB) 

 adult , 58  
 angiodysplasias , 128  
 antegrade/retrograde approach , 5  
 BAE , 133–135  
 bone marrow diseases , 5  
 capsule endoscopy , 5  
 chronic kidney disease , 131  
 CT angiography and enterography , 6  
 CTE technique , 59  
 “diagnostic yield” , 127  
 EGD , 135  
 enteropathy-associated T-cell lymphoma , 128, 129  
 gastric and duodenal ulcers , 135  
 hemoglobin levels , 135  
 iron-defi ciency anemia , 5  
 juvenile polyp , 128, 129  
 malabsorption , 5  
 Meckel’s diverticulum , 128, 129  
 metastatic melanoma , 128, 129  
 neo-terminal ileum , 128  
 pediatric , 58–59  
 performance tests , 130  
 radiologic imaging , 135  
 small bowel cancers , 93  
 therapeutic rates , 130  
 transfusion requirements , 137  
 VCE , 131–133  
 Yano–Yamamoto classifi cation , 136  
 young and middle-aged patients , 53  

   On-demand enteroscopy device (ODE) , 122–123  
   Optical coherence tomography (OCT) , 156  
   Overtube-assisted BAE 

 balloon-assisted enteroscopy , 110  
 balloon enteroscopes , 109  
 DBE enteroscopes , 111  
 ERCP , 111  
 “therapeutic” enteroscope , 111  

   Overtube-assisted enteroscopy , 211, 218  

    P 
  Pancreatic cancer 

 duodenal obstruction , 170  
 GOO , 171  
 peptic ulcer disease , 163  

   Pancreatico-biliary diversion , 210  
   Patient registration, software package , 225  

   Penetrating complications , 56, 57  
   Pentax® , 156  
   Peptic ulcer , 163  
   Percutaneous endoscopic jejunostomy (PEJ) 

 adverse events , 204  
 contraindications , 203  
 indications , 203  
 jejunal extension , 203  
 method of placement , 203  
 outcomes , 203, 204  
 placement technique , 203–204  

   Peutz-Jeghers syndrome (PJS) 
 CE and DAE 

 complications , 192–193  
 ESGE guidelines , 192  
 multiple polyps , 192  
 polypectomy , 193  
 small-bowel surveillance , 192  
 stalked polyp , 191–192  

 detection , 191  
 polyp with stalk , 191  
 risk , 191  
 stalked polyp , 191  
 symptomatic , 191  

   Polyps and polyposis syndromes 
 brunner gland hyperplasia , 186  
 CE and CTE , 187  
 conventional upper GI endoscopy , 186  
 data , 186  
 duodenal adenomas , 6  
 endoscopy and radiology 

 FAP , 187–191  
 PJS , 191–193  

 FAP , 6  
 FAP and its phenotypic variants , 186  
 hamartomatous and adenomas , 185–186  
 Lynch syndrome , 187  
 MUTYH gene mutation , 186  
 PJS , 6, 187  
 polyps , 6  
 risk , 187  
 screening and surveillance program , 

186–187  
 sessile , 185  

   Postoperative anatomy.    See  Anastomosis 

    R 
  Report generation, CE 

 digital atlas , 243  
 Lewis score , 242  
 master video fi les , 242  
 process , 242  
 software packages , 242  

   Resection, esophageal/gastic cancer , 201, 203, 205  
   Resolution, capsule endoscopy 

 data transmission drains , 238  
 high , 238  
 and image adjustment , 241  
 oscillating electromagnetic radiation , 237–238  
 technological advancement , 237  
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   Rotational enteroscopy (RE).    See  Balloon-assisted 
enteroscopy (BAE) 

   Roux-en-Y gastrojejunal bypass (RYGB) , 202  
   Roux-en-Y reconstruction, DBE , 251  

    S 
  SBTs.    See  Small bowel tumors (SBTs) 
   Schatzki’s rings , 119  
   Scintigraphy , 26–27  
   Sedation , 115  
   Self-expandable metal stents (SEMS) , 216  

 GOO , 171  
 laparoscopic gastrojejunostomy , 172  
 migration , 168  
 radiograph , 170  
 small bowel , 166  
 small-diameter delivery catheter , 166  
 treatment of benign strictures , 168  
 tumor ingrowth prevention , 168  
 ultraslim gastroscopes , 216  

   Single-balloon enteroscopy (SBE) , 26–27, 211, 218  
 and DBE , 107, 114  
 enteroscopy device , 113  

   Small bowel capsule endoscopy (SBCE) 
 and anemia , 97–98  
 capsocam SV1 , 94–96  
 CECDAI , 99  
 celiac disease , 157, 158  
 comparisons , 143  
 contraindications and complications , 99–100  
 coronal/transverse plane CTE image , 144  
 CR , 142  
 Crohn’s disease , 98–99  
 cross-sectional radiological imaging , 144  
 CTE/MRE , 144  
  vs.  deep enteroscopy , 99  
 distal duodenum , 157  
 endocapsule EC-S10 , 94  
 evaluation , 93  
 fl exible spectral imaging color enhancement , 94  
 IBDU and UC , 145  
 intraoperative endoscopy , 93  
 jejunal disease , 144  
 light-emitting diodes , 93  
 limitation , 157  
 mirocam MC1000-W , 94–95  
 MR/CT enterography , 157  
 mucosal lesions , 142  
 non-bleeding indications , 98–99  
 obscure gastrointestinal bleeding , 93, 97–98  
 OMOM capsule , 94  
 pelvic fl uid collection and perineal fi stula , 145  
 PillCam™ patency capsule , 142  
 pillcam SB3 , 94, 96  
 preparation and procedure , 97  
 pyloric channel and ileocecal valve , 100  
 RAPID Real Time Viewer , 93–94  
 real-time control capabilities , 101  
 refractory celiac disease , 157  

 retroactive examination , 101  
 technical differences , 93  
 visualization , 100  

   Small bowel CE.    See  Hardware and software, CE 
   Small bowel follow-through (SBFT) 

 capsule endoscopy , 180  
 ileal lipoma with intussusception , 179  
 radiologic modality , 15  
 SBE, CE, US, CT, MRI and scintigraphy , 26–27  
 and SBE studies , 24–25  

   Small-bowel strictures dilation 
 anatomy , 199, 200  
 duodenal obstruction , 163  
 gastroenterostomy , 172  
 GOO , 171  
 pancreatic cancer , 163, 171  
 strictures , 163, 164  
 symptoms , 171  
 tumor growth , 172  

   Small bowel tumors (SBTs) 
 barium enteroclysis , 185  
 chronic occult/overt bleeding , 180  
 CT enteroclysis/enterography , 185  
 DAE   ( see  Device-assisted enteroscopy (DAE)) 
 diagnostics , 177  
 disadvantages , 181–182  
 duodenum and duodenal/jejunal junction , 175, 176  
 epidemiology , 175  
 ESGE guidelines , 181  
 frontline diagnostic tool , 180  
 GIST , 175, 176  
 heterogeneous terminology , 181  
 identifi cation, nonspecifi c lesions , 182  
 ileal carcinoid , 175, 177  
 impacts, therapy , 181  
 intestinal lymphoma , 175, 177  
 lesions identifi cation , 180  
 lymphomas and GISTs , 183, 184  
 masses/polyps , 181  
 melanoma , 176, 178  
 MR enteroclysis/enterography (MRE) , 185  
 new era 

 CE , 180–181  
 ESGE guidelines , 181  
 SPICE score , 181  

 noninvasive evaluation , 181  
 OGIB , 180  
 in old era 

 capsule and device-assisted enteroscopy , 179  
 CT and MRI , 179–180  
 enteroclysis , 179  
 ileal lipoma with intussusception, SBFT , 179  
 push enteroscopy , 180  

 outcomes , 180  
 pathogenesis , 175–176  
 physical examination , 177  
 primary , 176–177  
 prognosis , 177–178  
 retention , 182  
 secondary , 176  
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 SPICE score , 181  
 surveillance of lesions , 181  
 symptoms and signs , 177  
 ulcers/strictures , 181  

   Small intestine 
 DBE 

 attachment, transparent hood , 246  
 avoid over insuffl ation , 246  
 CO 2  insuffl ation device , 246  
 perforation , 245  
 treatments , 245  

 MRE 
 advantages , 65  
  vs.  CT and ultrasound , 66  
  vs.  MR enteroclysis , 69  
 MR imaging   ( see  Magnetic resonance 

imaging (MRI)) 
 nasojejunal intubation , 65  

   Smooth Protruding Index on Capsule Endoscopy 
(SPICE) score , 181  

   Software.    See  Hardware and software, CE 
   Sonde small intestinal fi berscope (SSIF) , 32  
   Spiral enteroscopy , 218  

 anesthesia , 119  
 anterograde/retrograde overtube , 

119, 120  
 cervical osteophytes , 119  
 complications , 122  
 deep enteroscopy techniques , 121–122  
 diagnostic and therapeutic yield , 121  
 ileocecal valve , 120  
 latex allergy , 121  
 mucosal trauma , 122  
 pediatric colonoscopes , 119, 120  
 pylorus and duodenum , 120  
 technical success rate , 121  

   Stent placement 
 biliary endoscopic techniques , 171  
 bleeding treatment , 214  
 endotracheal intubation , 171  
 gastroduodenal , 171  
 migration , 168  
 pancreatic duct , 214  
 SEMS , 166  
 sphincterotomes , 171  
 treatment of benign strictures , 168  

   Stomach 
 MGCE   ( see  Magnetically guided capsule endoscopy 

(MGCE)) 
 occasional lesions detection , 225  

   Strictures 
 balloon distal , 164  
 biliary endoscopic techniques , 171  
 characterization , 22  
 disease , 41, 56, 163  
 endoscopic dilation , 163  
 fl uoroscopy , 164  
 infl ammatory  vs.  fi brotic , 58  
 NSAIDs and Crohn’s disease , 163  

   Study analysis.    See  Hardware and software, CE 

    T 
  True fast imaging with steady-state with free precession 

(True-FISP) 
 adenocarcinoma , 77  
 benign tumor , 76  
 cancer in CD , 76  
 carcinoid tumor , 78  
 celiac disease , 79  
 comb sign , 72  
 diffusion-weighted imaging , 82  
 DW MR imaging , 83  
 enterography examination , 69  
 fi stula , 75  
 GIST , 77  
 HASTE sequence , 68, 69  
 high-resolution MRE , 80, 81  
 linear ulcer , 72  
 stricture , 75  
 ulcers , 70, 71  

    U 
  Ulcerative colitis (UC) , 22, 141  
   Ultraslim gastroscopes/SEMS , 216  
   Ultrasound (US) 

 bowel needle puncture , 204–05  
 and Meckel’s scan , 59  
 microbubbles , 58  
 real-time imagin , 58  

    V 
  VCE.    See  Video capsule endoscopy (VCE) 
   VIBE.    See  Volumetric interpolated breath-hold 

examination (VIBE) 
   Video capsule endoscopy (VCE) 

 air insuffl ation and water immersion , 154  
 angiodysplasia , 132  
 antiplatelet/anticoagulation drugs , 132  
 bleeding over time , 131–132  
 endoscopic features , 155, 158  
 rebleeding rate , 132  
 retrospective analysis , 131  
 “sinister pathology” , 132  
 T cell lymphoma , 159  
 ulcerative lesions , 132  

   Video capsule software systems, CE 
 automatic modes , 238  
 CapsoCam model , 239, 240  
 compared detection , 239  
 localization , 242  
 overview methods , 238  
 panoramic and 3D modeling , 241  
 PillCam® 

 blood indicator , 240–241  
 progress indicator , 239, 240  

 Quadview image , 239  
 recording , 238  
 resolution and image adjustment , 241  
 size estimation , 239  
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   Villous atrophy 
 chromoendoscopy , 155  
 diagnosis , 155  
 duodenal mucosa situations , 154  
 gastroesophageal refl ux disease , 157  
 indigo carmine dye spraying , 156  
 intestinal hyperlymphocytosis , 160  
 intraepithelial lymphocytic 

infi ltration , 153  
 refractory celiac disease , 158  
 and scalloping , 158  
 water immersion technique , 155  

 Whipple’s disease , 154  
   Volumetric interpolated breath-hold examination (VIBE) , 

68, 73  

    W 
  Whipple’s disease , 154, 159  
   White light endoscopy 

 biopsies , 154  
 dyspepsia/epigastric pain , 154  
 endoscopic features , 154, 155  

   Wireless capsule endoscopy (WCE) , 66–67, 238         
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