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INTRODUCTION

Historically, assessing disease response fo therapy in Crohn's disease placed
emphasis on sympfom resolufion as the ulfimate freatment goal; however,
the correlation between clinical symptoms, endoscopic improvement, and
indicators of biological activity fie, Creactive protein [CRP]) is not robust. As
such, there is ongoing investigation and confroversy as fo the best means fo
assess response.

There are many different methods to evaluate disease and measure treatment
response. These include clinical indices, endoscopic indices, magnefic
resonance enferography scoring sysfems, capsule endoscopy, and development
and study of noninvasive biomarkers (ie, CRP and fecal calprotectin), which will
all be discussed in this newsletter.

TARGET AUDIENCE

This activity is designed for pediatricians, pediafric and adult gastroenterolo-
gisfs, primary care physicians, physician assistants, nurse practitioners, and oth-
er health care professionals who are interested in treating children and young

adults with CD.
LEARNING OBJECTIVES

Participants completing this activity should be better able to:

® Recognize the need fo differentiate between a patient in clinical remission
and a patient who has achieved laboratory and endoscopic remission

® Understand the benefits of using disease assessment tools in different
clinical scenarios

® |dentify gaps in knowledge that stand in the way of moving foward o
standardized approach to monitoring disease activity following change in
therapy or surgical resection
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This activity has been planned and implemented in accordance with the
Essential Areas and policies of the Accreditation Council for Continuing
Medical Education (ACCME) through the joint sponsorship of the North
American Society for Pediatric Gasfroenterology, Hepatology and Nutrition
[NASPGHAN) and The NASPGHAN' Foundation for Children’s Digestive
Health and Nutrition. NASPGHAN is accredited by the ACCME o provide

confinuing medical education for physicians.

AMA PRA STATEMENT

NASPGHAN  designates this enduring octivity for o maximum  of
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commensurate with the extent of their participation in the activity.
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INTRODUCTION

Historically, assessing disease response to therapy in Crohn’s
disease (CD) placed emphasis on symptom resolution as the
ulimate treatment goal; however, the correlation between
clinical symptoms, endoscopic improvement, and indicators of
biological activity (ie, Creactive protein [CRP]) is not robust.?
As such, there is ongoing invesfigation and controversy as fo
the best means fo assess response.

Currently, the patient’s response to therapy can be accurately
defined in the following terms:

® clinical response (symptoms are improved, but patient is
not completely well

e clinical remission (patient feels well)

® clinical and laboratory remission (patient feels well and
laboratory values are normal)

e clinical, laboratory, and endoscopic remission (patient
feels well, laboratory values are normal, and mucosal
ulceration is absent]

There are many different methods to evaluate disease and
measure freatment response. These include clinical indices,
endoscopic indices, magnetic resonance (MR) enterography
scoring systems, capsule endoscopy (CE), and development
and sfudy of noninvasive biomarkers (ie, CRP and fecal
calprotectin), which will all be discussed in this newsletter.

CLINICAL INDICES

Clinical indices have long been available to monitor CD.
Indices represent the most practical, costefficient, and
noninvasive ways to determine whether or not o pediatric
ulcerative colitis (UC) or CD patient is getting better.® Activity
indices have been widely accepted as research tools but
remain underused in clinical practice. The incorporation
of some activity indices into clinical practice may improve
patient care and facilitate quality improvement. Currently, the
use of indices in roufine clinical practice is limited because
they are perceived as difficult fo learn and time consuming.*
Comprehensive [multi-item) CD indices have been developed
for use in adults [ie, CD Activity Index [CDA]}, and a pediatric
CD activity index [PCDAI]® has undergone multiple revisions in
order fo make it more practical for use in the clinic.

Physician's Global Assessment

The Physician’s Global Assessment (PGA| continues fo be the
easiest and most commonly used method for classifying a
patient's severity of disease. The PGA is typically used as the
sfandard of comparison in the design of CD clinical indices.>®

The PGA measures disease severity on a scale of inactive
(quiescent), mild, moderate, and severe. The definitions of
these disease severities are subjective and can vary among
clinicians.

POAI

The PCDAI was developed in 1990 and validated by a
group of experts.” The PCDAI includes a child-specific item:
the height velocity variable. The PCDAI score can range from
0-100, with higher scores signifying more-acfive disease.
Cut-off values for inactive, mild, and moderate-severe disease
are shown below. The PCDAI highly correlates with PGA and
is superior fo the CDAIl and Harvey—Bradshaw Index.® The
PCDAI requires a physician assessment and laboratory tesfs
that are roufinely ordered as part of standard medical care.”
The PCDAI's maijor limitation is the limited ability to complefe
it in the context of routine clinical care.®




PCDAI PARAMETERS'

History (recall: T week)
o Abdominal pain
* None: O
o Mild—brief, does not interfere with activities: 5
* Moderatedo-severe—daily, longer
lasting, affects activities, nocturnal: 10
o Stools (per day]
® 0-1 liquid sfools without blood: O
e <2 semiformed with small blood or 2-5 liquid: 5
® Gross bleeding, 26 liquid, or nocturnal
diarthea: 10

Patient function/general well-being (recall: 1 week)
o No activity limitations/well: O
o Occasional difficulty maintaining
age-appropriate activities/subpar: 5
o Frequent activity limitations/very poor: 10

Laboratory
o Hematocrit (Hct] (%)
® <10 years (male or female)
->33:0
- 28-32: 2.5
-<28:5
* 11-19yearold female
-2>34: 0
- 29-33: 2.5
-<29:5
® 11-14-yearold male
-235: 0
-30-34: 2.5
-<30: 5
* 15-19-yearold male
-2>3/:0
- 32-36: 2.5
-<32: 5
o Erythrocyte sedimentation rate (ESR] (mm,/hour)
e <20: 0
® 20-50: 2.5
® >50: 5
o Albumin (g/dl)
©>350
®31-34:5
®>30: 10

Examination

o Weight
® Cain or voluntary weight sfable/loss: O
® Involuntary weight stable or loss of 1%-9%: 5
® loss of 210%: 10
o Height
® Diagnosis
— <1 channel decrease: O
- 21 to <2 channel decrease: 5
— >2 channel decrease: 10; or
® Follow-up
— Height velocity > =1 standard deviation (SD): O
— Height velocity < =1 SDto > -2 SD: 5
— Height velocity < -2 SD: 10
o Abdomen
* No tenderness or mass: O

e Tenderness/mass without tenderness; 5
e Tendemess/involuntary guarding/definite mass: 10

0 Perirectal disease
* None/asymptomatic tags: O

e 1-2 indolent fistula/scant drainage/no
fendemess: 5

* Active fistula/drainage/tenderness/abscess: 10
o Extraintestinal manifestations (fever >38.5°C for
3 days in past week, definite arthrifis, uveitis,
E. nodosum, P gangrenosum)
e None: O
o] 5
> 10

SCORING'

e Score can range from 0100, with higher
scores signifying more active disease

e <10 is consistent with inactive disease

® 11-30 indicates mild disease

* >30 is moderateto-severe disease

® A decrease of 12.5 points is taken as
evidence of improvement




Modified Versions of the PCDAI

abbrPCDAI. The PCDAI has been
modified over the last 24 vyears. The
Abbreviated PCDAI (abbrPCDAI)  omits
growth and 3 laboratory items, thereby
increasing its feasibility of use in the
clinic.” The abbrPCDAI is limited in that the
remaining scored ifems are nof reweighted,
leading fo low face validity (face validity
perfains fo how much the index makes
sense and is a subjective assessment
of whether the measure leaves out any
items that most experts would agree are
important).

Short PCDAI. The short PCDAI was
developed by Kappelman and colleagues
in 2010 for use in quality improvement
and observational studies to increase
feasibility. Its major advantage over the
PCDAI and abbrPCDAI is less time with
no laboratory values, growth velocity, or
perianal disease fo be assessed. However,
the limitation of low face validity remains.?

Modified PCDAI The Modified
PCDAI was developed by leach and
colleagues in 2010,°  combining  the
3 laborafory parameters from the PCDA
(Het, ESR, and albumin) with CRP. This
index does not use any hisfory or physical
examination parameters. Whereas the
Modified PCDAI provides an obijective
measure of inflammation that may have
applications in the sefting of research
focusing on the state of inflammation, its
responsiveness and  discriminant  validity
have been proven inferior fo the PCDA
and Suggested Mathematically VWeighted
PCDAI (wPCDAI)? Discriminant validity in
this study was the ability to differentiate
patients in remission from those with acfive
disease and from the different disease
activity states (mild, moderate, and severe).

WPCDAI. The wPCDAI was developed
by Turner and colleagues in 2012 in order
fo add weight to the items in the PCDAI
and make it more feasible? In the wPCDA|,
growth velocity, abdominal examination,
and Hct are removed.

WPCDAI PARAMETERS

History (recall: T week)
o Abdominal pain
® None: O
* Mild—brief, does not interfere with activity: 10

* Moderate-to-severe—daily, longer lasting,
affects activity, nocturnal: 20

o Patient function/general well-being
* No limitation of activity/well: O

e Occasional difficulty maintaining age-
appropriate activity/subpar: 10

® Frequent limitation/very poor: 20
o Stools (per day]
* 0-1 liquid, no blood: O

e <2 semiformed with small blood or

2-5 liquid: 7.5
® Gross bleeding, 26 liquid, or noctumnal
diarrhea: 15
Laboratory
o ESR fmm/hour SCORING
e <20: 0
e 20-50: 75 ® <12.5 remission
* >50: 15 ® 12.5-40 mild
o Albumin (g/dl) ¢ >40 moderate
® 2350 ® >5/.5 severe
*31-34:10 * A decrease of 17.5 poinfs is faken
* <30: 20 as evidence of improvement
Examination
o Weight

® Gain or volunfary stable/loss: O
® Involuntary stable or loss of 1%-9%: 5
® loss 210%: 10
o Perirectal disease
* None/asymptomatic tags: O
e 1-2 indolent fistula/scant drainage/
no tenderness: 7.5
e Active fistula/drainage/fendemess/abscess: 15
o Extraintestinal manifestations (fever >38.5°C for
3 days in past week, definite arthritis, uveitis,
E. nodosum, P gangrenosum)
e None: O
e >1:10
Total Score: 0-125




CASE STUDY 1 Nicky

Nicky is an 8-yearold boy with CD involving the terminal
ileum (TI) as well as pancolitis who comes in for assessment
3 months affer his last appointment. He was diagnosed
1 year ago and was placed on é-mercaptopurine (6-MP)
6 months ago after becoming steroid dependent. He was
successfully weaned off prednisone 3 months ago and, at
that time, was having no abdominal pain, 1 formed BM
daily without blood, and no limitation of activities. At today’s
appoiniment, it is described that he has mild, brief abdominal
pain episodes twice a week. His BMs are 2-3 times per
day and semiformed, and he has noticed blood twice per
week for the last month. He continues o have no limitation of
activities. He has no extrainfestinal manifestations.

On examination today, there is mild lower-abdominal
tenderness. Head, eyes, ears, nose, and throat;
musculoskeletal; skin; and perianal examination are normal.
Weight is the same as it was 3 months ago. Over the last
12 months, Nicky has grown 0.5 cm and has fallen from
the 50" percentile for height fo between the 10" and 25"
percentiles. His Zscore for his height velocity is =1.06. His Hef
is 30%, ESR is 25, and albumin is 3.2.

ASSESSMENT: PCDAI POINTS

History:
Abdominal pain: 5
General well-being: O

Stools: 5

Examination:
Abdomen: 5
Perianal disease: O
Weight: 5
Height: 5
Extraintestinal manifestations: O

Laboratory:
Hct: 2.5
ESR: 2.5
Albumin: 5

Nicky’s Composite PCDAI Score: 35 (previous PCDAI

3 months ago was 5)

A score of 35 is consistent with moderate-to-severe
disease, where it was inactive 3 months ago.

Based on the wPCDAI (weighted):

AsSESSMENT: WPCDAI POINTS

History:
Abdominal pain: 10
General well-being: O

Stools: 7.5

Examination:
Perianal disease: O
Weight: 5

Extraintestinal manifestations: O

Laboratory:
ESR: /.5
Albumin: 10

WPCDAIl score of 40 is consistent with upper limit of mild
disease (previous wPCDAI 3 months ago was O).

DISCUSSION POINTS AND
UNANSWERED (QUESTIONS

® There is a discrepancy in disease severity, with the
PCDAI measuring Nicky's disease as moderate-
severe disease and the wPCDAI measuring Nicky's
disease as mild. Does the PCDAI or wPCDAI score

better reflect this patient's disease severity?

— The absence of growth velocity in the
wPCDAI score may lead fo underestimation
of a pediatric patient’s disease severity



ENDOSCOPIC EVALUATION

Endoscopic or visual evaluation of infestinal mucosa is
essential in diagnosing CD, identifying disease location and
severity, and moniforing for dysplasia. Endoscopy may also
play an important role in surveillance of disease activity,
though few guidelines exist regarding how and when to use
endoscopic surveillance in CD."" Recent European guidelines
suggest endoscopy in cases of relapse, refractoriness, new
symptoms, or when surgery is being considered. The value
of routine endoscopy during periods of sympfom remission
is not well studied and is often debated, both in the United
States and Europe.'?

There is growing evidence that early healing of the intestinal
epithelium is associated with decreased likelihood of a flare,
progression fo complications, and need for hospitalization
and surgery in both UC and CD.*'® Though unproven,
the argument may be made for achieving mucosal healing
as the fargefed therapeutic goal in children, given the
observation of improved clinical outcomes and decreased
need for surgery and hospitalization in adults. Reassessment
of mucosal inflammation following treatment, particularly
when using a “step-up” therapeutic approach, is termed
the “freat fo target” strategy.'®!” Data show the strategy of
repeat colonoscopy within & months of starting therapy, with
a farget of mucosal healing, is useful and feasible in adults
with UC.'® However, optimal timing of follow-up endoscopy
and optimal degree of improvement in mucosal appearance
following therapy remain unclear. The feasibility and benefit
of the treattofarget approach in pediatric UC and pediatric
and adult CD is unknown. Prospective studies are needed
fo answer questions about the most costeffective and risk-
averse strategies fo achieve targefed therapeutic goals
in pediatric CD. In general, pediafric studies regarding
endoscopic response are lacking.

Complete absence of mucosal ulcers may be an unachievable
goal in many cases with currently available therapies.
However, if a measurable improvement in the appearance
of the mucosal inflammation is a therapeutic goal, scoring
systems can help to make serial evaluation more precise.
Two such endoscopic scores developed in adults are the
CD Endoscopic Index of Severity (CDEIS) and the Simplified
Endoscopic Activity Index for CD (SES-CD). In a post hoc
analysis of the Study of Biologic and Immunomodulator
Naive Patients in CD (SONIC) trial, a decrease in baseline
CDEIS or SES-CD by at least 50% at week 26 correlated

with corticosteroidfree remission at week 50.17 However,
further studies are needed fo determine the optimal score
improvement to predict betfer longerferm outcomes. The
CDEIS has a high inter- and intrarater reliability and validity
but is complex and not redlistic for implementing in clinical
practice.?%?" The SES-CD is more feasible for use in daily
practice and also has a high level of inter and intrarater
reliability.?’  Another example of predictive endoscopic
scoring is the Rufgeert's score, developed for predicting
recurrence of CD activity after ileocolonic resection by
evaluating the appearance of the neoterminal ileum
6 months after ileocolonic resection.?? For future studies,
more precisely defining what is meant by “mucosal healing”
and endoscopic response will be crifical in determining
the degree of improvement needed to affect outcomes in
pediatric CD patients. A possible limitation of endoscopic
evaluation is that the mucosa represents <15% of the entire
bowel wall and it does not evaluate inflammation af deeper
layers of the bowel wall.?* Although histologic scores exist
for diagnosis of inflammatory bowel disease (IBD), there is
no histologic scoring system validated for serial evaluation
of inflammatory activity in CD.?* Although it may be more
feasible in UC, histologic assessment of disease assessment
may prove fo be difficult in CD because of the patchy nature
of the disease, limited ability to assess the small infesfine,
and potential for sampling error.?°

RUTGEERT'S SCORE™

Grade 0: No lesions in distal ileum
Grade 1: <5 aphthous lesions

Grade 2: >5 aphthous lesions with normal mucosa
between lesions or skip larger lesion
areas or lesions confirmed fo ileocolonic
anastomosis (<1 cm long)

Grade 3: Diffuse aphthous ileitis with diffusely

inflamed mucosa

Grade 4: Diffuse inflammation with already large
ulcers, nodules, and/or narrowing




SES-(D

Size of ulcers
o None: O
o Aphthous ulcers (0.1-0.5 cm): 1
o large ulcers (0.5-2.0 cm): 2
o Very large ulcers (>2 cm|: 3

Ulcerated surface
o None: O
o0 <10%: 1
o 10%-30%: 2
0>30%: 3

Affected surface
o Unaffected segment: O
0 <50%: 1
0 50%—/5%: 2
0>/5%: 3

Presence of narrowing
o None: O
o Single, can be passed: 1
o Multiple, can be passed: 2
o Cannot be passed: 3

SES-CD score is the total of each section, with
higher scores indicating worse histology

NONINVASIVE BIOMARKERS OF
DISEASE ACTIVITY

Whereas endoscopic assessment of the mucosa may be the
gold standard of disease assessment, serial colonoscopies
with repeat bowel preparation and anesthesia are @
signiﬁcant risk and cost burden, porﬁcu|0r|\/ in pediotrics. An
accurate, noninvasive biomarker of disease activity, defined
as a characteristic or test that is objectively measured as
an indicafor of disease response, is of great inferest in CD.
However, biomarkers have little value in measuring treatment
response unless there is a clearly defined therapeutic target
that franslates info improved patient outcomes, and opfimal
fiming of postireatment disease evaluation must also be
considered.?

(DEIS

Total 1: deep ulceration (12 if present; O if absent|
o Rectum
o Sigmoid and left colon
o Transverse colon
o Right colon
olleum

Total 2: superficial ulceration
(6 if present; O if absent

0 Same segments as in Total |

Total 3: surface involved by disease (cm)*
o Same segments as in Total ]

Total 4: Ulcerated surface (cm)*
o Same segmentfs as in Total ]

SCORING

e Total 1 + Total 2 + Total 3 + Total 4 = Total A

® Tofal A = number of segments tofally or partially
explored = Total B

e C: 3 if ulcerated stenosis anywhere; O if nof
® D: 3 if nonulcerated sfenosis anywhere; O if nof

e Totol B + C + D = CDEIS

* 10 cm linear scale represents surface effectively explored
for partially explored segments and for ileum

1
%A\

The two noninvasive biomarkers currently being studied
and most widely used clinically are fecal calprofectin
and serum CRP. Fecal calprofectin is a neutrophil protein
secreted by intestinal epithelial cells in response to
inflammatory cytokines like interleukin 1 (Il-1) and bacterial
lipopolysaccharide. Fecal calprotectin correlates with
endoscopic and histologic assessment of disease activity in
adults and children.?28 A cutoff of 200250 pg/g seems
fo be the most sensitive and specific for inflammation in both
UC and CD when compared with the Mayo score and the
SES-CD.#%0 levels of 250-300 pg/g have been shown
to predict relapse of CD involving the colon.®" In CD, fecal




calprotectin is significantly higher in patients with more-
severe disease as defined by SES-CD.*2

In a study of 140 ileocolonoscopies in CD
patients, SES-CD correlated more closely with
fecal calprotectin and CRP than CDAI. The overall
accuracy for detecting endoscopically active
disease was 87% for calprotectin (70 pg/g),
66% for CRP. and 40% for CDAl = 150.3 The
correlation with mucosal healing is imperfect, and
appropriate fiming of follow-up fecal calprotectin
assessment affer therapy is unknown. Also, there

is a weaker correlation of fecal calprotectin

fo mucosal healing in the small bowel (SB)
than in the colon.® It should be noted that

use of nonsteroidal antiinflammatory drugs
(NSAIDs), infection, and malignancy can

all increase fecal calprotectin and can be
important confounders.?? These drawbacks

make it difficult to rely on fecal calprotectin

alone as a monitoring fool. However, it

could potentially be studied for use in
conjunction with another biomarker, such

as CRP. or in patients with a known

elevation at baseline.

Serum CRP is an acute phase reactant secrefed by the
liver in response fo the circulating proinflammatory cytokine
I-6.3 In a trial of 200 children with CD treated with a variety of
standard therapies, only 14% of patients in corficosferoidfree
remission (as defined by PCDAI < 10 or PCDAI < 7.5 without
the height component] by week 12 were in corticosteroid-
free remission by week 52.%¢ In a subgroup analysis of
104 children with an elevated CRP at baseline and
corticosteroidHfree remission at 12 weeks, normal serum CRP
at 12 weeks was a significant predictor of susfained remission
at 1 year. Although 60% of the subgroup patients achieved a
normal serum CRP by week 8, only 33% achieved remission
and normal CRP by week 12. Poor outcomes were not
correlated with increased disease severity at diagnosis.
Other studies have shown a normal CRP to be a good
predictor of disease oufcome, including the A CD Clinical
Trial Evaluating Infliximab in a New longTerm Treatment
Regimen | [ACCENTI) study, where CRP < 0.5 of week 14

was predicfive of maintenance of response fo infliximab.”

In summary, CRP and fecal calprotectin are promising as
noninvasive biomarkers of disease activity, but further research
is needed to define a therapeutic farget to correlate with
noninvasive biomarkers. To become a surrogate of disease
response, the biomarker must then be correlated with longer
ferm patient outfcomes.

CASE STUDY 2: Samantha

Samantha is a 14-yearold girl with a hisfory of ileocolonic
CD. Her older sister has a history of ileal CD and stricture
requiring resection. Samantha was freated with corticosteroids
and 6-MP but, upon taper of prednisone, rapidly developed
symptoms of SB obstruction. MR enterography (MRE) revealed
enhancement and bowelwall thickening of the Tl and cecum,
with dilatation proximal to the TI. Due fo concerns about fixed
stricture, the patient underwent ileocectomy with negative
margins. The patient was freated with 6-MP postoperatively,
but due to complaints of nausea, her mother stopped giving
the drug. Colonoscopy 6 months postsurgery showed normal
bowel with no aphthous ulcerations af the anasfamosis or
in the neoterminal ileum (Rutgeert's score O). Posfoperatively,
a baseline fecal calprofectin was normal at 45 pg/g of
feces. The parent and patient opted to nof take posfoperative
prophylaxis. The fecal calprotectin was monitored every
6 months. One year posfoperation, the fecal calprotectin
increases fo 335 pg/g of feces. The patient denies any
NSAID use or symptoms. Colonoscopy reveals diffuse aphthous
ulcerations with ileal inflammation (Rutgeert's score 3). After
discussion with the family and patient regarding risk of
symptom recurrence and further need for surgery, the patient
is started on a biologic.



DISCUSSION POINTS AND
UNANSWERED QUESTIONS

® |s fecal calprofectin a reliable marker of disease
recurrence in a patient postileocolonic resection?

® |5 following serial fecal calprotectin an appropriate
method for evaluating patients for response to
medications?

® Does confirmation of disease recurrence require
endoscopic confirmation, since false-positive fecal
calprotectin may occur with NSAIDs and infecfion?

IMAGING STUDIES FOR EVALUATION OF
DiSEASE ACTIVITY: MRE

Several radiologic studies may be useful in pediatric CD,
including upper gastrointestinal (Gl) series with SB follow
through, computed tomography (CT) enteroclysis, and
confrastenhanced  ultrasound.  However, given concerns
for ionizing radiafion, recent Furopean Crohn's and Colitis
Organisation (ECCO) guidelines recommend MRE be done
where available.”%%%° The absence of ionizing radiation
makes MRE especially appealing in the pediatric population
and for patients who require serial imaging. High-resolution
ultrafast sequences are particularly suitable in the study of
the SB by MRE, providing sharp images of the anafomy of
the infestine. Among other methods of disease evaluation,
MRE is the only method available for assessing structural
changes of the bowel wall fie, bowelwall thickness, full
thickness inflammation, or enhancement]. Engorgement of
the vasa recta with the addition of elevated T2 signal within
or adjacent to the bowel wall (caused by the presence of
fluid) is indicative of an active inflammatory process.*!#?
This feature can help fo distinguish inflammatory from
fibrostenotic bowel.#* Because SB CD [more so than colonic
disease] is more likely to progress from an inflammatory to @
stenofic or fistulizing phenotype in a shorter period of time,
re-evaluation of disease progression may be most important
in this group of patients.'®!”

Newly developed indices, such as the MR Index of Activitys
(MaRIA), provide a step forward for the robust evaluation
of imaging findings associated with CD, because they
include characteristics such as wall thickness, relative
contrast enhancement, edema, and ulceration. The MaRIA
index is calculated by [1.5 x wall thickness (mm]] +
[0.02 x relative contrast enhancement] + [5 x edema] +

™

[10 x ulcers]. The global MaRIA score is calculated by
summing the scores from the TI, ascending colon, transverse
colon, descending colon, sigmoid, and rectum. Mucosal
healing is defined as a MaRIA score of <7, and ulcer healing
is defined as a score of <11, because this cutoff point has
a 90% sensitivity and 94% specificity to detect the presence
of ulcers.** The MaRIA index is shown fo correlate well with
endoscopic response fo adalimumab therapy.*® However,
this index has not been used in children. An obstacle to
the use of MRE in CD moniforing is that adequate bowel
distension is necessary fo facilitate evaluation of mucosal
enhancement and bowelwall thickening.#34¢ Collapsed
bowel-wall segments can be mistaken for pathologic bowel-
wall thickening.*® Tolerance of a large amount of contrast
material may be limited, especially in children who are
prone to vomiting and abdominal pain from active CD.
Rectal contrast may be difficult for children to tolerate. Other
downsides include limited availability of MR imaging and
steep costs associated with these studies.

The Llemann score is under development by the International
Program to develop New Indices in Crohn's Disease group.
The main objective of this multicenter, crosssectional study
is fo develop an instrument that can measure the cumulative
bowel damage af a specific point in fime, as assessed by
history, endoscopy, and imaging fechniques. The index
score will take into account damage location, extent, and
severity based on a comprehensive assessment of structural
bowel damage, including stricturing lesions, penetrating
lesions (fistulas and abscesses), and surgical resection. The
goal is to determine if this score will identify patients at high
or low risk of disease progression. The imaging modalities
MRE and CT enterography (CTE) are emphasized as critical
fo evaluate tissue damage, unlike upper Gl endoscopy
and colonoscopy, which can identify mucosal lesions that
more accurately reflect disease activity (inflammation) than
bowel damage.*’




CASE STUDY 3: Ryan

Ryan is a 15-yearold, wellnourished boy who presented
with acute onset of vomiting and abdominal pain. Initial
CT scan from outside the emergency department showed
narrowing of the Tl with bowelwall thickening and air fluid
levels indicative of partial SB obstruction. Infectious workup
was negative. With bowel rest and gastric decompression,
symptoms resolved and his diet was advanced without further
vomifing. Despite lack of ongoing symptoms, laboratory
values were obtained and CRP noted to be elevated 1 month
postadmission. MRE was ordered, revealing 15 cm of bowelwall
thickening/enhancement. Esophagogastroduodenoscopy
(EGD)/colonoscopy revealed no active colitis, but scattered
granulomas were present throughout the colon and mild chronic
active leitis with granulomas was also present. The patient
was freated with budesonide and subcutaneous methotrexate,
with improvement in the CRP and weight gain. Follow-up MRE
several months lafer reveals ongoing narrowing in the Tl and
the presence of bowel-wall enhancement, indicating ongoing
acfive disease and prompting discussion about escalation of
therapy despite lack of symptoms.

DISCUSSION POINTS AND
UNANSWERED QUESTIONS

® MRE sometimes reveals a lack of correlation
between siructural changes in the bowel wall and
symptom reports

® |s use of MRE appropriate fo strafify patients at high
risk of complications, regardless of symptoms

— MRE offers a potential for noninvasive monitoring
of disease activity, particularly in SB CD, but there
are no guidelines supporting use of this modality
to monitor pediatric patients with CD

(APSULE ENDOSCOPY

CE is a noninvasive method of endoscopic imoging that can be
swallowed by the patient or delivered info the SB with endo-
scopic assistance. CE was US Food and Drug Administration
approved in 2001 as an adjunctive tool in evaluation of SB
diseases and is now indicated for patients aged 2 years and
older and for monitoring CD.#® The capsule is approximately
the size of a large multivitamin (1.1 x 2.6 cm or 1 x 0.5 in.).*
The main advantage of CE is the ability o visualize the entire
SB with minimal discomfort fo the patient and no radiation.*%*°

CD confined fo the SB can be defected in up to 30% of
a pediafric population.®'*? CE has made evaluation of the
SB more sensitive,*” and many cases of unclassified IBD are
reclossified as CD when SB involvement is detected.>® CE has
been shown to improve the diagnostic yield in adults with IBD.
At this time, pediatric reports are few, mosily refrospective, >4
or include a small number of patients.>*>”

Indications/Limitations

As recommended by the Organisation Mondiale d'Endoscopie
DigestiveECCO  consensus, CE should be performed in
children or adolescents with @ high suspicion of CD when
conventional upper and lower Gl endoscopy and SB imaging
are inconclusive.”®

Clinicians may consider CE for patients who:™
* have unclassified IBD
* are failing medical therapy or may require colectomy
® have fruly unexplained symptoms based on standard
endoscopy and radiography
* have IBD and obscure bleeding



Although CE identifies SB pathology with greater sensitivity
than other methods, the implications of identified lesions are
not fully understood.? lleocolonoscopy, CTE, and MRE usually
provide the information needed to guide therapy in patients
with known CD. However, in cases where management
decisions are not clear despite the use of these modalities,
CE can be an invaluable tool and worth the potential
risk of capsule retention.®© There is no consensus about
patient preparation for CE.' Each practice uses a different
combination of dietary fasting, laxatives, and medications fo
stimulate peristalsis.

There are several limitations to CE,*° including a lack of
therapeutic capabilities, the inability fo control the movement
along the SB, the potential to miss single lesions, as well as
the high rate of incidental findings. A major complication is
potential retention, which precludes its use in patients with
suspected obstruction or strictures.

Interpreting Results

A diognosis of CD should not rely on CE features alone,
because there are many false positives and no validated
diagnostic criferia.®? The presence of >3 ulcerations in the
absence of NSAIDs ingestion is the most commonly used CE
diagnostic criteria for CD;%? however, there is not sufficient
evidence fo confirm this score.

Risk of Retention

A diagnosis of CD is associated with an increased risk of
capsule retention. The risk of SB capsule retention in CD
patients has been reported between 6.7% and 13% for all
age groups and mainly in those with documented intestinal
stenosis or previous surgery.®® In children with CD, the rate

of capsule retention is closer to 5%. In a pediafric cohort
of 207 patients, the risk of capsule refention with a history
of known IBD was 5.2%, and cerfain disease characteristics
significantly increased this risk. A SB series demonstrated that
SB CD is associated with a 37.5% retention risk and body
mass index <5 percentile with known IBD is associated with
a 43% retention risk %4 Capsule retention requiring infervention
has been reported in <1% of pediatric subjects.*? In order fo
reduce the risk of retention, a “patency” capsule can be used
fo assess the risk of capsule retention, because a patency
capsule will dissolve and not require removal if it becomes
stuck in the SB.%> However, fimely passage of the patency
capsule is not 100% sensitive for adequate passage of the
capsule for CE.° If the capsule does become refained in the
SB, it can often be removed by deep SB enferoscopy, such
as double-balloon enteroscopy.

Future Considerations

There is limited experience with the use of CE, especially in
children with IBD. There has been 1 clinical trial by Di Nardo
et al. in ltaly, where CE and SB imaging were compared
among 117 children with established or suspected IBD.>* This
study concluded that CE was valuable in revealing SB lesions
in children with a previous diagnosis of CD, was helpful in
unclassified IBD patients, and could influence the management
and course of IBD. There are considerations for CE fo be
used for postoperative surveillance to help evaluate mucosal
healing or diagnose postoperative recurrence.® As there is a
strong movement towards endoscopic healing representing
remission, if evidence shows that aggressive treatment of CD
for endoscopic healing positively affects the natural history of
the disease, then CE may become an even more important
fool in assessing the extent of disease.*°

I



CASE STUDY L: $ar2

Sara is a 12-yearold girl who was diagnosed with UC when
she was 7 years old. She presented with chronic diarrhea
with rectal bleeding. She also showed poor weight gain at
diagnosis. Her colonoscopy showed pancolitis with normal
biopsies of the TI. Her upper endoscopy showed aphthous
ulcers in the stomach, which was reported as chronic inactive
gastrifis. There were no granulomas reported in any of the
biopsies. Her SB series was normal. Her IBD serology was not
consistent with IBD (the entire serologic profile was negative).

Sara was initially freated with Asacol®, and after developing
two flares that required oral prednisone, she had 6-MP
added to her Asacol® regimen. On the 6-MP, she has had
intermittent mild disease over the last 2 years with occasional
loose stools and abdominal pain. She denies blood and
reports only occasional mucus in the stool. Over the previous
6 months, her appetite has decreased and her loose stools
and abdominal pain have worsened. Her weight and height
have been stable at the 5"=10" percentiles. Her ESR has been
between 20 and 30 mm/houroverthelast 2 years and is now
40 mm/hour. Her stool is negative for C. diff and culture.
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A repeat prednisone course,

colectomy, and changing from

6-MP 1o a biologic are discussed.
The patient is very resistant tfo
the thought of going back on a
prednisone course because of the
adverse effects.

It is decided to repeat an EGD and
colonoscopy. Her stomach shows
scant aphthous ulcers that come back
as chronic gasfritis without granulomas.

Colonoscopy shows quiescent o mild
active colitis (improved from previous
colonoscopy 5 years ago). She has a
normal TI. An MRE is performed because of
the concern for possible CD and because
the family is considering colectomy over
biologic treatment. The MRE does not show
any signs of active inflammation in the SB.

A CE is ordered. The capsule study shows
4 discrefe ulcerations in the jejunum with
additional areas of erythematous, granular-
appearing mucosa. The patient’s Asacol® is
changed to Pentasa®. The patient has a mild
improvement in symptoms over the next few
months, but despite adding ciprofloxacin and
metronidazole, she continues to have symptoms
and is placed on infliximab. The patient currently
has inactive disease and a normal ESR.

DISCUSSION POINTS AND
UNANSWERED QUESTIONS

e CE is a valuable fool for this patient who has
indeterminate colitis, is failing medical therapy,
and may have undergone colectomy

* The CE diagnostic criteria for SB CD has been
suggested as “The presence of >3 ulcerations,
in the absence of NSAIDs ingestion” in an adult
study;®® however, this may not be applicable fo
the pediafric age group



SUMMARY

Monitoring disease activity in CD is particularly important,
given the lack of correlation between symptoms and
endoscopic findings, parficularly if a more-conservative
step-up approach is taken. Currently, there are several
methods fo assess disease response, all providing slightly
different information about CD activity. A more evidence-
based approach fo evaluating disease activity and
response to medications is needed, including appropriate
and costeffective infervals and methods of testing. The
long-term therapeutic goals—to minimize likelihood of a
flare of symptoms, minimize progression of disease from
an inflammatory to a penefrating phenotype, minimize
hospitalization and surgery, and promote normal growth
and development—are clear. These factors go into the
improvement of a patient’s health-related quality of life.
However, clarification of shortterm physiologic goals is
needed to help guide therapeufic decisions effectively,
particularly as more medical options become available.

REFERENCES

1. Cellier C, Sahmoud T, Froguel E, et al. Correlations between
clinical activity, endoscopic severity, and biological parameters
in colonic or ileocolonic Crohn's disease. A prospective
multicentre study of 121 cases. The Groupe d'Etudes
Therapeutiques des Affections Inflammatoires Digestives.
Gut 1994;35(2):231-235.

2. PeyrinBiroulet L, Reinisch W, Colombel JF, et al. Clinical
disease activity, C-reactive protein normalisation and mucosal
healing in Crohn's disease in the SONIC trial. Gut
2014;63(1):88-95.

3. Bousvaros A, Tumer D, Vitito L. Monitoring Disease Activity in
Pediatric IBD Patients. Flourfown, PA; NASPGHAN: 2009.

4. Pardi DS, Sandbormn WJ. Predicting relapse in patients with
inflammatory bowel disease: what is the role of biomarkerse
Gut 2005;54:321-322.

5. Hyams JS, Ferry GD, Mandel FS, et al. Development and
validation of a pediatric Crohn's disease activity index. |
Pediatr Gastroenterol Nutr. 1991:12:439-447.

6. Ofley A, loonen H, Parekh N, ef al. Assessing activity of
pediatic  Crohn's ~ disease:  which
Gastroenterology 1999;116:527-531.

7. Noble A, Tumer D. In: Pedliatric Inflammatory Bowel Disease.

Ist ed. New York, NY: Springer; 2008:507-530.

index tfo use?

14

Kappelman MD, Crandall WV, Colletti RB, et al. A short
pediatric Crohn's disease activity index for quality improvement
and observational research. Inflamm Bowel Dis.
2011:17(1):112-117.

Turner D, Griffiths AM, Walters TD, et al. Mathematical
weighting of the pediafric Crohn's disease activity index
(PCDAI) and comparison with its other short versions. Inflamm
Bowel Dis. 2012:18(1):55-62.

leach ST, Nahidi L, Tilokaratne S, et al. Development and
assessment of a modified pediafric Crohn's disease activity
index. J Pediatr Gastroenterol Nutr. 2010:51:232-236.

. Annese V, Daperno M, Rutter MD, et al. European evidence

based consensus for endoscopy in inflammatory bowel
disease. | Crohns Colitis 2013:7(12):982-1018.

Benitez JM, Meuwis MA, Reenaers C, et al. Role of endoscopy,
crosssectional imaging and biomarkers in Crohn's disease

monitoring. Gut 2013;62(12):1806-1816.

. Baert F, Moortgat L, Van Assche G, et al. Mucosal healing

predicts susfained clinical remission in patients with early-stage
Crohn’s disease. Gastroenterology 2010;138(2):463-468.

Schnitzler F, Fidder H, Ferrante M, et al. Mucosal healing
predicts longferm outcome of maintenance therapy with

infliximab in Crohn's disease. Inflamm Bowel Dis.

2009;15(9):1295-1301.

Colombel JF, Rutgeerts P Reinisch W, et al. Early mucosal
healing with infliximab is associated with improved longferm
clinical outcomes in ulcerative coliis. - Gastroenterology
2011;141(4):1194-1201.

Bouguen G, levesque BG, Pola S, et al. Endoscopic
assessment and freating fo target increase the likelihood of
mucosal healing in patients with Crohn’s disease [published
online ahead of print November 15, 2013]. Clin Gastroenterol
Hepatol. doi: 10.1016/j.cgh.2013.11.005.

Bouguen G, levesque BG, Feagan BG, et al. Treat fo farget:
a proposed new paradigm for the management of Crohn's
disease [published online ahead of print September 10,
2013]. Clin Gastroenterol Hepatol. doi: 10.1016/].cgh.
2013.09.006.

Bouguen G, levesque BG, Pola S, et al. Feasibility of
endoscopic assessment and treating fo farget fo achieve
mucosal healing in ulcerative colitis. Inflamm Bowel Dis.
2014,20(2):231-239.

Ferrante M, Colombel JF, Sandbom W, et al. Validation of
endoscopic activity scores in patients with Crohn’s disease
based on a post hoc analysis of data from SONIC.
Gastroenterology 2013;145:978-986.



20.

21.

22.

23.

24,

25.

26.

2/.

28.

29.

30.

32.

Mary JY, Modigliani, R. Development and validation of an
endoscopic index of the severity for Crohn's disease: a
prospective multicentre study. Groupe d'Etudes Therapeutiques
des Affections Inflammatoires du Tube Digestif (GETAID). Gut
1989;30(7):983-989.

Dapermno M, D'Haens G, Van Assche G, et al. Development
and validation of a new, simplified endoscopic activity score
for Crohn's disease: the SES-CD. Gastrointest Endosc.
2004,;60(4):505-512.

Rutgeerts P Geboes K, Vantrappen G, et al. Predictability of
the posfoperative course of Crohn’s disease. Gastroenterology
1990,99(4):.956-963.

Neurath MF, Travis SP. Mucosal healing in inflammatory bowel
diseases: a systematic review. Gut 2012;61(11):1619-1635.
Naini BV, Cortina, G. A histopathologic scoring system as a
tool for standardized reporting of chronic (ileojcolitis and
independent risk assessment for inflammatory bowel disease.
Hum Pathol. 2012:43(12):2187-2196.

Mosli MH, Feagan BG, Sandborn W), et al. Hisfologic
evaluation of ulcerative colifis: a systematic review of disease
activity indices [published online ahead of print January 9,
2014]. Inflamm Bowel Dis. doi: 10.1097/0MIB.000043/9
86.00190.71.

De Gruttola VG, Clax P DeMets DL, et al. Considerations in
the evaluation of surrogate endpoints in clinical frials. Summary
of a National Insfitutes of Health workshop. Control Clin Trials
2001,22(5):485-502.

Roseth AG, Aadland E, Jahnsen |, et al. Assessment of disease
acfivity in ulcerative colitis by faecal calprofectin, a novel
granulocyte marker protein. Digestion 1997;58(2):176-180.
Limburg PJ, Ahlquist DA, Sandbormn W/, et al. Fecal calprotectin
levels predict colorectal inflammation among patients with
chronic diarrthea referred for colonoscopy. Am | Gastroenterol.
2000;95(10):2831-283.

D'Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin
is a surrogate marker for endoscopic lesions in inflammatory
bowel disease. Inflamm Bowel Dis. 2012;18(12):2218-2224.
Sipponen T, Savilahti E, Kolho KL, ef al. Crohn's disease
activity assessed by fecal calprofectin and  lactoferrin:
correlation with Crohn’s disease activity index and endoscopic

findings. Inflamm Bowel Dis. 2008;14(1):40-46.

. Kallel'l, Ayadil, Matri S, et al. Fecal calprotectin is a predictive

marker of relapse in Crohn's disease involving the colon: a

prospective study. Eur | Gastroenterol  Hepatol.
2010;22(3):340-345.

Jones J, Loftus, Jr., EV, Panccione R, et al. Relationships between
disease activity and serum and fecal biomarkers in patients
with Crohn's disease. Clin Gastroenterol Hepatol.

2008;6(11):1218-1224.

15

33,

34.

35.

36.

37

38.

39.

40.

42.

43.

44.

45.

Schoepfer AM, Beglinger C, Straumann A, et al. Fecal
calprotectin more accurately reflects endoscopic activity of
ulcerative colitis than the Llichtiger Index, Crreactive protein,
platelets, hemoglobin, and blood leukocytes. Inflamm Bowel
Dis. 2013;19(2):332-341.

Schoepfer AM, Beglinger C, Straumann A, et al. Fecal
calprotectin correlates more closely with the Simple Endoscopic
Score for Crohn’s disease [SES-CD) than CRP, blood leukocytes,
and the CDAI. Am | Gastroenterol. 2010;105(1):162-169.
Ramadori G, Christ B. Cytokines and the hepatic acute-phase
response. Semin Liver Dis. 1999;19(2):141-155.

levine A, Tumner D, Pfeffer Gik T, et al. Comparison of outcomes
parameters for induction of remission in new onset pediafric
Crohn's disease: evaluation of the Porto IBD Group “Growth
Relapse and Outcomes with Therapy” (GROWTH CD) study.
Inflamm Bowel Dis. 2014;20(2):278-285.

Reinisch W, Wang Y, Oddens B), et al. C-reactive protein, an
indicator for mainfained response or remission to infliximab in
patients with  Crohn’s disease: a posthoc analysis from
ACCENT I. Aliment Pharmacol Ther. 2012:35(5):568-576.
Van Assche G, Dignass A, Panes ], et al. The second European
evidence-based consensus on the diagnosis and management
of Crohn'’s disease: definitions and diagnosis. | Crohns Colitis.
2010,4(1).7-27.

Desmond AN, McWilliams S, Maher MM, et al. Radiation
exposure from diagnostic imaging among  patients  with
Cli

gastrointestinal  disorders. Gastroenterol  Hepatol.

2012,10(3):259-265.

Desmond AN, O'Regan K, Curran C, ef al. Crohn's disease:
factors associated with exposure to high levels of diagnostic
radiation. Gut 2008:57(11):1524-1529.

. Siddiki H, Fidler, J. MR imaging of the small bowel in Crohn’s

disease. Eur J Radiol. 2009:69(3):409-417.

Maccioni F Viscido A, Marini M, et al. MRl evaluation of
Crohn's disease of the small and large bowel with the use of
negative superparamagnetic oral confrast agents. Abdom
Imaging. 2002;27(4):384-393.

Grand D), Harris A, Loftus, Jr., EV. Imaging for luminal disease
and complications: CT enterography, MR enferography, small-
bowel follow-through, and ultrasound. Gastroenterol Clin
North Am. 2012:41(2):497-512.

Rimola J, Rodriguez S, Garcia-Bosch O, et al. Magnetic
resonance for assessment of disease activity and severity in
ileocolonic Crohn's disease. Gut 2009;58(8):1113-1120.
Ordés |, Rimola J, Rodriguez S, ef al. Accuracy of magnetic
resonance enterography in assessing response fo therapy and

mucosal  healing in  patients  with  Crohn's

Gastroenterology. 2014;146(2):374-382.

disease.



46.

47,

48

49.

50.

52.

53.

4.

55.

56.

Panes J, Bouhnik Y, Reinisch W, et al. Imaging techniques for
assessment of inflammatory bowel disease: joint ECCO and
ESGAR evidence-based consensus guidelines. | Crohns
Colitis. 2013;7(7):556-585.

Pariente B, Cosnes J, Danese S, et al. Development of the
Crohn’s disease digestive damage score, the lémann score.

Inflamm Bowel Dis. 2011:17:1415-1422.

. Cohen SA. The potential applications of capsule endoscopy in

pediatric patients compared with adult patients. Gastroenterol
Hepatol. 2013;9:92-97.

Shikhare G, Kugathasan S. Inflammatory bowel disease in
children: current trends. | Gastroenterol. 2010:45(7):673-682.
Di Nardo G, Aloi M, Oliva S, et al. Invesfigation of small
bowel in pediatric Crohn’s disease. Inflamm Bowel Dis

2012;18(9):1760-1776.

. Chouraki V, Savoye G, Dauchet L, et al. The changing pattern

of Crohn'’s disease incidence in northern France: a continuing
increase in the 10- to 19-yearold age bracket (1988-2007).
Aliment Pharmacol Ther. 2011:33:1133-1142.

Cuffari C, Dubinsky M, Darbari A, ef al. Crohn’s jejunoileitis:
the pediatrician’s perspective on diagnosis and management.
Inflamm Bowel Dis. 2005:11:696-704.

Di Nardo G, Oliva S, Ferrari F, et al. Usefulness of wireless
capsule endoscopy in pediatric inflammatory bowel disease.
Dig Liver Dis. 2011,43:220-224.

Atay O, Mahajon L, Kay M, et al. Risk of capsule refention in
pediatric patients: a large single-center experience and review
of the literature. J Pediatr Gatroenterol Nutr.
2009;49:196-201.

Jensen MK, Tipinis NA, Baojorunaite R, et al. Capsule
endoscopy performed across the pediafric age range:
indications, incomplefe studies, and ufility in management of
Gastroinfest  Endosc.

inflammatory  bowel  disease.

2010,72:95-102.
Elickim R. Videocapsule endoscopy of the small bowel.

Curr Opin Gastroenterol. 2010;26:129-133.

16

57.

58.

59.

60.

02.

63.

o4.

Shamir R, Eliakim R. Capsule endoscopy in pediatric patients.
World | Gastroenterol. 2008:14:4152-4155.

Bourreille A, Ignjatovic A, Aabakken L, et al. Role of small-
bowel endoscopy in the management of patients with
inflammatory bowel disease: an international OMED-ECCO
consensus. Endoscopy. 2009;41:618-637.

Legnani P, Abreu MT. Use of capsule endoscopy for established
Crohn's  disease. Endosc  Clin N Am.
2006;16:299-306.

Gruss C. Assessing the ufility of small bowel capsule

Gastrointest

endoscopy to monitor therapy in known Crohn's disease.
American Gastroenterological Association Web site. http://
www.gastro.org/journals-publications/aga-perspectives/
aprilmay/assessing-the-utility-of-small-bowel-capsule-
endoscopy-to-monitor-therapy-in-known-crohns-disease.

Published April 1, 2013. Accessed March 17, 2014.

. de Melo, Jr. SW, Di Palma JA. The role of capsule endoscopy

in evaluating inflammatory bowel disease. Gastroenterol Clin
North Am. 2012;41:315-323.

Mow WS, lo SK, Targan SR, et al. Inifial experience with
wireless capsule endoscopy in the diagnosis and management
of inflammatory bowel disease. Clin Gastroenterol Hepatol.
2004,2:31-40.

Jensen MK, Tipnis NA, Bajorunaite R, et al. Capsule endoscopy
performed across the pediafric age range: indications,
incomplete studies, and utility in management of inflammatory
bowel disease. Gastrointest Endosc. 2010:72:95-102.
Atay O, Mahajan L, Kay M, et al. Risk of capsule endoscope
retention in pediafric patients: a large single-center experience

and review of the literature. J Pediatr Gastroenterol Nutr.

2009;49,196-201.

. Yadav A, Heigh RI, Hara AK, et al. Performance of the

patency capsule compared with nonenteroclysis radiologic

examinations in patients with known or suspected  intesfinal

strictures. Gastrointest Endosc. 2011:74:834-839.



