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Abstract

AIM: To detect the prevalence of small bowel polyps
by wireless capsule endoscopy (WCE) in patients with
familial adenomatous polyposis (FAP).

METHODS: We examined prospectively 14 patients
with FAP to assess the location, size and number of
small-intestinal polyps. Patients’ age, sex, years of
observation after surgery, type of surgery, duodenal
polyps and colorectal cancer at surgery were analyzed.

RESULTS: During WCE, polyps were detected in 9/14
(64.3%) patients. Duodenal adenomatous polyps were
found in nine (64.3%) patients, and jejunal and ileal
polyps in seven (50%) and eight (57.1%), respectively.
The Spigelman stage of duodenal polyposis was
associated with the presence of jejunal and ileal
polyps. Identification of the ampulla of Vater was
not achieved with WCE. Importantly, the findings of
WCE had no immediate impact on the further clinical
management of FAP patients. No procedure-related
complications were observed in the patients.

CONCLUSION: WCE is a promising noninvasive new
method for the detection of small-intestinal polyps.
Further investigation is required to determine which
phenotype of FAP is needed for surveillance with WCE.
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INTRODUCTION

Familial adenomatous polyposis (FAP) is a dominant
inherited syndrome with an incidence of 1 in 11000. It
is caused by an alteration of the FAP (APC) gene that
is located on chromosome 5q21, which causes multiple
disorders of the development of the ecto-, endo-
and mesoderm. The syndrome is characterized by the
presence of adenomatous polyps in the gastrointestinal
tract, mainly in the colon, rectum and duodenum, with
a demonstrated adenoma-carcinoma sequencemj. The
duodenum is characterized by the presence of adenomas
in 80% of patients with FAP and the development of
periampullary cancer in 4% In patients who have
undergone colectomy, periampullary cancer is the
main cause of death. Between five and 10% of FAP
patients die from upper gastrointestinal cancer, which
is frequently periampullary in origin. In an attempt to
prevent malignancy, a screening program appears to be
mandatory to detect particularly those patients most at
risk of developing the disease. Therefore, endoscopic
surveillance of the second part of the duodenum
with side-viewing endoscopy is advised. Since it was
introduced in 2000, wireless capsule endoscopy (WCE)
has opened the way for the noninvasive and painless test
of the entire small intestine, thereby becoming the gold
standard for endoscopic evaluation of the small bowel
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in several clinical situations, including surveillance of
polyposis syndromes. There have been only a few studies
that have evaluated the utility of WCE in detecting
small-intestinal polyps in patients with FAP'*"?,

The aim of our prospective study was to investigate
the diagnostic yield of WCE in being able to detect
adenomatous polyps in a Greek FAP cohort,and to
establish potential risk factors for small-bowel polyp
development for a more targeted surveillance with WCE.

MATERIALS AND METHODS

We performed an open prospective, non-randomized
clinical trial from September 2007 to September 2008,
which evaluated the use of WCE in FAP patients. The
study was conducted in accordance with good clinical
practice, as set forth by the Helsinki agreements and
their later amendments. The study was approved by our
hospital Ethics Committee and informed consent was
obtained from all patients.

We included male and female patients, aged 18-70
years, who were teferred to our clinic. Patients excluded
were those with severe swallowing disorders, implanted
cardiac pacemaker or other electronic devices, pregnant
women, patients with a clinical suspicion of small-bowel
obstruction/pseudo-obstruction, strictures or fistulas,
and children under 10 years old™™>".

The following information was gathered from patients’
records: age, sex, diagnostic [endoscopy, small-bowel
radiography, computed tomography (CT)] and surgical
procedures (type of colectomy and time of surgery)
before WCE. All the procedures were performed on an
outpatient basis, in the morning, after an overnight fast.
Bowel preparation was performed with 4 L. polyethylene
glycol solution given 15 h before the procedure. Patients
were allowed to drink clear fluids 2 h after capsule
ingestion. Furthermore, the patients were able to maintain
their normal activities while the capsule was passing
through the digestive tract. Patients returned to the
hospital 8 h after capsule ingestion. The registration device
and the antennae were disconnected from the patient and
a questionnaire about symptom occurrence and overall
satisfaction with the procedure was completed. On each
of the 2 d following the procedure, a telephone call was
made to inquire about any symptoms and to confirm that
the capsule had been expelled. In view that the major risk
from WCE is capsule retention or impaction, all patients
were instructed to contact the study staff should they
develop any gastrointestinal symptoms during or after
WCE.

Capsule videorecordings were reviewed by a single
experienced endoscopist (Katsinelos P) who previously
had performed more than 200 WCE procedures. A
polyp was defined as a discrete mass of tissue that
protruded into the bowel lumen. The location of small-
bowel polyps was approximately estimated as duodenal
(Figure 1A), jejunal, or ileal (Figure 1B), according to
the timing of polyp appearance after entrance of the
capsule to the duodenum, the total small-bowel passage
time, and the endoscopic appearance of the small-

Figure 1 Wireless capsule endoscopy (WCE) view. A: Large and small
mushroom-shaped adenomas in the distal duodenum; B: Small ileal polyp.

intestinal mucosa. Entrance to the duodenum is easy
to detect because it begins just after the pylorus, which
can be identified easily. The location of small-bowel
polyps was estimated by analyzing the WCE transit time
between pylorus passage and ileocecal valve or pouch
ileostoma. The duodenum was designated to be the
small bowel that was visualized during the first 15 min
after the capsule exited the pylorus, while the jejunum
and ileum were designated to be the small bowel that
was visualized after < 50% and > 50% of small-bowel
transit time, respectively. Moreover, the prominent folds
and high narrow villi characterized the jejunum, while
fewer folds and shorter villi were observed in the ileum.
WCE allows only an approximate estimation of the size
of polyps, therefore, based on previous experiencem, we
classified polyps as small or large, using an open pylorus
orifice (diameter 10 mm) as a reference for polyp size
estimation. Small and large polyps were classified with a
diameter < 10 mm and > 10 mm, respectively.

Following WCE, conventional endoscopy was
performed within 2 wk in all patients. Standard duodeno-
scopy up to the second part of the duodenum was per-
formed with a forward-looking gastroscope and a side-
viewing duodenoscope, on an outpatient basis. To reduce
motility artifacts, 20 mg butylscopolamine were admini-
stered intravenously. Biopsies and polypectomies were
performed for staging of duodenal disease according to
the Spigelman classification (Table 1,

The primary end point of the study was to identify
the number and size of small-bowel polyps in each
patient, and the secondary end point was the impact of
WCE findings on the management of the patients.

RESULTS

Fourteen patients (9 men, median age 34 years, range:
22-56 years) with FAP were recruited. Eight patients had
undergone total proctocolectomy with ileal-pouch-anal

anastomosis, four had undergone ileorectal anastomosis,
and two were examined before colectomy (Table 2).
Endoscopic investigation of the entire length of the
small bowel was achieved in all patients. The quality was
considered as good except for one case in which food
debris in the duodenum, jejunum and ileum made reading
the film very difficult; in the last case, the procedure
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Number of points

1P 2p 3p

Number of polyps 1-4 5-20 >20
Polyp size (mm) 1-4 5-20 >10
Histology Tubulous Tubulovillous Villous
Dysplasia Mild Moderate Severe
Stage Spigelman score

0 0

I 1-4

I 5-6

I 7-8

I\Y% 9-12

Patient Sex Age Time of surgery Type of No. of colon Colon

No. (yr) before WCE (yr) surgery polyps cancer
1 M 54 4 IPAA > 1000 No
2 F 23 BS BS > 100 No
3 M 53 5] IPAA > 100 No
4 F 27 5] IPAA > 100 No
5 M 28 4 IPAA > 100 No
6 M 22 BS BS > 100 No
7 M 53 2 IRA > 1000 No
8 F 26 8] IPAA > 100 No
9 M 56 18 IRA > 1000 No
10 F 29 10 IPAA > 100 No
11 M 54 4 IPAA > 1000 Yes
12 M 36 15 IRA > 100 No
13 F 41 17 IRA > 100 No
14 M 32 7 IPAA > 100 No

FAP: Familial adenomatous polyposis; WCE: Wireless capsule endoscopy;
IPAA: Tleal pouch-anal anastomosis; IRA: Ileorectal anastomosis; BS:
Before surgery.

was repeated and the patient was asked to avoid food
intake prior to the examination. Mean gastric and small-
bowel transit time were 36 (range: 12-58) and 256 (range:
128-360) min, respectively. No abnormal additional
findings were identified. Overall, 81 polyps, mainly small
(96.3%), were detected by WCE. The presence, size and
location of duodenal, jejunal and ileal polyps were related
to the Spigelman stage of duodenal polyposis and age
of the patient, but not sex (Table 3). None of the five
young FAP subjects with Spigelman stage 0 had small-
bowel polyps detected. Three large sessile polyps were
found in the duodenum in one patient with Spigelman
stage IV disease. All other polyps detected were small
(Table 3). WCE was inferior diagnostically to standard
duodenoscopy and gastroscopy regarding the second part
of the duodenum and especially the ampullary region.
The capsule technique could not identify the papilla of
Vater in any of our patients and four small ampullary
adenomas were missed by WCE as compared with
duodenoscopy. Endoscopic polypectomy of duodenal
adenomas was performed in five patients, and biopsies
were taken from the rest of the patients. Histological

Patient Sex Spigelman Duodenal Jejunal lleal Rectal
No. stage stump
1 M v 13 3 5] No
2 M 0

3 F I B 2 4 No
4 M I & 2 No
5] F I 2 1 3 No
6 M 0 No
7 M il 4 4 3 Yes
8 F 0 Yes
9 M I 7 3 2 Yes
10 M 0 No
11 M I 4 1 2 Yes
12 M I 3 No
13 F I 4 1 2 No
14 M 0 No

examination of the specimens confirmed the diagnosis
of tubular or tubulovillous adenomas with low-grade
dysplasia in one case with large polyps. We detected small
ileal white-colored polyps with a normally appearing
mucosal surface in two young patients (both Spigelman
stage 0), and we classified these lesions as lymphoid
hyperplasia, which occurs commonly in the terminal
ileum and rectum associated with FAP, especially in
young patients",

All the patients described the procedure as com-
fortable and were willing to repeat it had it been deemed
necessary. Difficulty/inability to swallow the capsule or
clinically significant complications, including symptomatic
capsule retention and aspiration, did not occur during
the procedure. Five patients previously had undergone
enteroclysis, and although a comparison of the two
methods was not within the scope of this study, as there
was a significant time lapse between them, all the patients
preferred WCE when they were asked to compare it with
enteroclysis. All patients reported no pain or discomfort
when contacted 1 wk after the WCE examination.

DISCUSSION

Small-intestinal adenomas can occur in FAP patients,
but their prevalence varies, depending of the modality
used for their detection'”. The advent of WCE in 2000
has changed noticeably the diagnosis and management
of numerous diseases of the small intestine, including
polyps associated with FAP". Our study shows that
WCE is able to detect even small polyps in the entire
small intestine in subjects with FAP. We found jejunal
and ileal polyps to be common. The frequency and
number of polyps and the length of small bowel involve-
ment was found to increase with Spigelman classification
(Table 3). All polyps were small except for three in
the duodenum. These findings were similar to those
previously reported by other studies"", although Taquino
¢t al”® have found the presence of duodenal adenomas
to be the only clinical feature predictive of small-
intestinal adenoma, but not associated with Spigelman
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stage. We cannot define the true sensitivity of WCE for
detection of small-bowel adenomas because the lack of
visualization of the entire small-bowel mucosa by WCE
leads to underestimation of polyp burden. To achieve
this, we would have to compare the performance of
WCE with that of the criterion standard of surgical
enteroscopy. However, given the invasiveness and the
high morbidity rate of the latter procedure, such a study
would be extremely difficult to perform. The advent of
double or single balloon enteroscopy of the small bowel
may have opened a new avenue to gain less invasive
access, even to polyps located in the distal small bowel.
Double balloon enteroscopy appears to be equivalent
to an intraoperative enteroscopy for scrutiny of small-
intestinal polyps in FAP"". The region around the papilla
of Vater was not visualized in any of our patients, which
calls for the mandatory use of side-view duodenoscopy
for staging duodenal disease.

Magnetic resonance enteroclysis combines the
advantages of cross-sectional resonance with those of
the volume challenge of conventional enteroclysis in the
recognition and characterization of small-bowel-wall
abnormalities, including initial tumors. There are few
promising reports about the role of magnetic resonance
enteroclysis and CT enteroclysis in the diagnostic
algorithm of small-bowel neoplasmsm]. Whether the
use of WCE in combination with these new diagnostic
techniques will lead to earlier diagnosis of small-intestinal
polyps in FAP patients remains to be elucidated in the
future.

We observed no complications from WCE in our
study. Other reports of WCE performed in individuals
with FAP also have failed to detect any complications[()’m.

Forward and side-viewing endoscopic surveillance
for gastric and duodenal/periampullary neoplasia is
recommended for all individuals with FAP""*", The
frequency of surveillance should be based on the
Spigelman classification of duodenal polyposism’zol.
However, the implication of jejunal and ileal adenomas
in FAP is unknown. The risk of cancer distal to the
duodenum in FAP has been reported much more rarely
than that of duodenal and periampullary carcinoma®,
The lack of data may rely on the fact that patients with
FAP usually are not studied because of the low incidence
of non-duodenal small-bowel cancer™. Therefore,
should a search for small bowel adenomas with WCE
be performed in all patients with FAP? Keeping in
mind the high cost of WCE, identification of a subset
of FAP patients who might be at the highest risk for
developing small bowel tumor is desired. The analysis
of germline APC gene mutation was not available in our
patients, to compare with WCE findings. However, as
reported by other investigators, the incidence of small-
intestinal adenomas is correlated with mutations found
in exon 15", Mutations in this exon traditionally have
been associated with a more aggressive phenotype[zz’z‘ﬂ.
The identification of genotypic factors that predict the
phenotype of small-bowel adenomas is important. It has
been suggested that WCE should be performed only

in patients with exon 15 mutations'?, thereby requiring

relative WCE surveillance. This approach may allow
for a more cost-effective evaluation of FAP patients.
Obviously, the current genotype-phenotype correlation
must be confirmed in a larger cohort of FAP patients.

The frequency of WCE surveillance of jejunal and
ileal adenomatous polyps in patients with FAP remains
unknown. The detection of these small polyps in our
study and previous studies had no immediate impact on
the clinical management, other than establishing further
surveillance intervals in these patients[&lz]. The tendency
is for WCE to become the standard imaging modality for
small-bowel surveillance, since Spigelman stage Il and IV
patients have a high burden of small-intestinal adenomas
on WCE (Table 3). With the potential exception of the
mentioned high risk of FAP patients developing small-
bowel cancer, we recommend surveillance every 3-5 years
in these patients; despite more data on the prevalence of
small-bowel polyps in patients with advanced stage (Il
or IV) duodenal polyposis being needed to understand
the utility of WCE in these groups. The small number
of polyps observed in our FAP patients with Spigelman
stage 0-1I disease (Table 3) is in accordance with
other studies”, We agree with other investigators’®"”
recommendations that WCE is not useful for routine
small-bowel surveillance in these patients. Although
management of jejunal and ileal polyps has not as yet
been well defined considering the adenomatous nature
of polyps in FAP, it seems reasonable to remove these
polyps that are easily accessible by endoscopy. Whenever
endoscopic polypectomy cannot be performed, although
there is not enough evidence to propose sutgical resection,
surveillance with WCE seems advisable.

In conclusion, WCE is noninvasive, safe and com-
fortable, and can be performed on an ambulatory basis in
FAP patients. It is effective for the detection of small-
bowel polyps, but larger studies are needed to define
better the impact of WCE on the clinical outcome of
FAP patients with small-intestinal polyps, to elaborate
which mutant gene carries the highest prevalence of
small-intestinal adenomas, and to decide the timing of
surveillance and polypectomy treatment by double or
single balloon enteroscopy.

COMMENTS

Background

Endoscopic surveillance of the duodenum and periampullary area is
recommended in patients with familiar adenomatous polyposis (FAP), because
4% of patients develop cancer. However, the significance of the presence of
jejunal and ileal polyps in patients with FAP is unknown.

Research frontiers

FAP is a dominant inherited syndrome characterized by the presence of
adenomatous polyps in the gastrointestinal tract, with a demonstrated
adenoma-carcinoma sequence. In the present study, the authors investigated
the diagnostic utility of wireless capsule endoscopy (WCE) in detecting small
intestine polyps in a Greek FAP cohort.

Innovations and breakthroughs

Few studies have evaluated the utility of WCE in detecting small-intestinal
polyps and their clinical significance in patients with FAP. The rate of detection
of small polyps in our patients was high but had no immediate impact on clinical
management, other than establishing further surveillance intervals in these
patients.
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Applications

This study represents a new role for WCE in the examination of the small
intestine in FAP patients and emphasizes the need for a highly targeted
surveillance based on Spigleman classification.

Terminology

WCE is a technology that uses a swallowed video capsule to take photographs
of the inside of the esophagus, stomach, and small intestine. Since it was
introduced in 2000, it has become the gold standard for endoscopic evaluation
of the small bowel in several clinical situations, including surveillance of
polyposis syndromes.

Peer review

This is an interesting observational study of the role of WCE in screening for
small-intestinal polyps in a small cohort of patients with established FAP.
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