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Abstract

In the last few years the management of Crohn’s disease
(CD) has changed due to the introduction of new ther-
apeutic agents that provide more alternative options in
patients with severe diseases, introducing new concepts
regarding treatment timing. At the moment, the absence
of good predictors of disease outcome and a subclinical
marker available to predict relapse during clinical
remission are major problems in the management of CD.
In recent decades, the evaluation of several variables has
been proposed to address this issue, including disease
behavior, clinical–endoscopic activity and intestinal
damage. In particular, definition of mucosal restitution
or healing after therapy has been proposed as a surrogate
of efficacy and new goal of the therapy. Regarding this
concept, several criticisms have been raised, such as the
need to better define the role of mucosal healing in a
transmural disease. In order to address this issue, new
alternative techniques providing both extraluminal and
luminal intestinal damage have been proposed, including
ultrasonography, computed tomography and magnetic
resonance imaging.
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Crohn’s disease (CD) is a heterogeneous condition with
wide inter- and intra- individual variation in terms of
type and severity of symptoms, occurrence of complica-
tions and responsiveness to medical treatment [1]. Such a
clinical heterogeneity largely depends on the site(s), ex-
tent and type of the intestinal lesions as well as on what is
called clinical behavior [2]. The course of the disease is
usually remitting-intermittent and flares are character-
ized by clinical symptoms that may or may not be
associated with either humoral and/or ‘‘visual’’ evidence
of active inflammation. Thus, CD patients may be clas-
sified according to different variables including clinical

symptoms, humoral abnormalities suggestive of active
inflammation and gross changes as assessed by either
endoscopy and/or imaging techniques.

The aims of medical treatment in CD patients have
included controlling symptoms, preventing complica-
tions, meeting individual goals, and improving quality of
life. In recent years, the introduction of new therapeutic
agents capable of a powerful and effective control of
intestinal inflammation has provided new management
strategies in patients with moderate to severe disease [3].
The increasing availability of these drugs in different
clinical settings has also offered the opportunity for
redefining treatment’s goals in these patients, from the
control of clinical symptoms, possibly normalizing
inflammatory markers, to the healing of gross lesions
and preventing progression of structural bowel damage
[4]. Thus, the need to properly assess disease activity/
severity and carefully depict structural bowel changes to
optimize indication, regimens and goals for the currently
available drugs still exists.

Clinical activity

The assessment of what is called clinical activity depends
on a number of heterogeneous clinical variables includ-
ing subjective symptoms, quality of life, objective signs,
and laboratory parameters expected to reflect inflam-
matory activity. Various scores have been proposed to
assess the severity of clinical disease activity, and the
composite-standardized and quantitative scores, such as
the Crohn’s Disease Activity Index (CDAI) or the Har-
vey–Bradshaw Index, are the most widely used either in
clinical practice or as a primary outcome in clinical trial.

Although these indexes have addressed the issue of
quantifying clinical judgement, they have left unsolved
the measurement of intestinal inflammation activity [5].

CDAI includes eight parameters: number of liquid
stools, abdominal pain, well being, abdominal mass,
extraintestinal manifestations, use of anti-diarrheal
drugs, body weight, and hematocrit values. A CDAI
value >150 defines active Crohn’s disease, while a values
<150 indicate clinical remission. Improvements are de-
fined as reduction in CDAI by 100 points or by 70 points
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in two consecutive evaluations [5]. Several criticisms of
this metric have been raised. First, the parameters mea-
sured are relatively subjective, leading interobserver
variability, and second, the calculation of CDAI is often
time-consuming.

The Harvey–Bradshaw Index or ‘‘simple index’’
proposed a 1-day index scoring from 0 to 15, and cor-
related imperfectly with the CDAI [6, 7]. Although these
scores are useful to quantify disease activity, they often
result relatively low in patients with fistulizing CD,
making them inappropriate for assessing the activity of
draining fistulas. Thus in 1995, Perianal Disease Activity
Index (PDAI) was developed to score this special con-
dition. It includes five elements: discharge, pain, restric-
tion of sexual activity, type of perianal fistula, and degree
of induration [8].

In clinical practice, another important point used to
determine the activity of disease is the assessment of
quality of life, which represents a major concern both for
physicians and CD patients. To assess quality of life, the
most commonly used score is IBDQ. It includes 32-items
with four domains (bowel function, emotional status,
systemic symptoms, and social function). Total score
ranges from 32 to 224, with higher scores indicating
better quality of life. The IBDQ is extensively used as a
secondary endpoint in clinical trials and shows a good
correlation with CDAI (P > 0.001) [9].

Disease behavior

In spite of the heterogeneous phenotype of the disease, in
1998 the Vienna classification identified three subgroups of
patients according to disease behavior: B1, purely inflam-
matory (nonpenetrating, nonstricturing); B2, fibrostenotic;
and B3, penetrating [10]. Based on the Vienna Classifica-
tion, patients were assumed to show different patterns of
evolution. In 2002, Louis andCosnes [11, 12] independently
demonstrated that most patients with CD had a nonpene-
trating nonstricturing phenotype at diagnosis, but pro-
gressed to stricturing and penetrating lesions over the long
term. They demonstrated that the natural history of CD is a
dynamic process, leading to irreversible bowel damage in
the large majority of patients.

Age at diagnosis, risk factors (including appendec-
tomy, familial history of inflammatory bowel disease,
and smoking), compliance and lifestyle significantly
influence the clinical course of the disease. An early onset
of Crohn’s disease or a familial history of inflammatory
bowel disease may be associated with a more aggressive
course, with extensive intestinal lesions including the
upper gastrointestinal tract, and with responsiveness to
corticosteroids and immunomodulatory drugs [13].

Endoscopic activity

Ileocolonoscopy represents a fundamental procedure for
diagnosis and monitoring disease outcomes. During an

endoscopy in CD, different mucosal characteristics may
be observed as erythema, swelling, nodularity, strictures,
aphthous ulcerations, and variable size and depth of le-
sions. To assess the severity of endoscopic inflammation,
the Crohn’s Disease Endoscopic Index of Severity
(CDEIS), the Simplified Endoscopy Score (SES-CD), or,
in the postoperative setting, and the Rutgeerts’ score
were developed, at the beginning, for clinical trials to
assess the efficacy of new drugs and are now routinely
used in clinical practice [14–16]. CDEIS is based on the
recognition of elementary lesions (non-ulcerated lesions,
superficial, and deep ulcerations), associated with the
appreciation of their surface in five segments (ileum,
right colon, transverse, left colon and sigmoid, and rec-
tum) [15]. This score is considered the gold standard for
quantifying endoscopic severity, but due to its com-
plexity, is poorly used in clinical practice. For this reason
a simplified index (SES-CD), has been proposed showing
good correlation with the aforementioned one [16, 17].

In the last few years, the goal of achieving improve-
ment of mucosal damage or healing has become a ther-
apeutic outcome, and these endoscopic scores have been
used to address this issue.

Studies by the Groupe d’Etudes Thérapeutiques des
Affections Inflammatoires du Tube Digestif (GETAID)
have shown that endoscopic pattern severity (assessed by
the CDEIS) correlated poorly with clinical (assessed by
the CDAI) and biological activity (assessed by C-reactive
protein measurement) [18]. Furthermore, clinical
improvement is not always associated with the healing of
mucosal lesions in CD.However, endoscopic severity may
have an impact on the long-term course of the disease. A
retrospective study has shown a more aggressive clinical
course with an increased rate of penetrating complications
and surgery in CD in those patients exhibiting deep and
extensive ulcerations at colonoscopy. Among the 102
patients included in the study, 53 had severe endoscopic
lesions at index colonoscopy, defined as extensive and
deep ulcerations covering more than 10% of the mucosal
area of at least one segment of the colon. Patients with
severe endoscopic lesions needed significantly more co-
lonic resections than patients without severe lesions (rel-
ative risk 5.43, 95% CI: 2.64–11.18) [19]. In a Norwegian
clinical trial, the efficacy of therapies in CD was normally
assessed by the improvement in clinical activity (defined
by a decrease of the CDAI) and the assessment of endo-
scopic improvement was not usually performed. One of
the reasons for this was that we had no definition for
‘‘mucosal healing’’ and we didn’t know if, in a transmural
disease, the healing of the surface of the abdominal wall
alone could represent a good marker of drugs efficacy.
However, there is growing evidence that obtaining
mucosal healing during therapy is an indirect sign of the
effectiveness of a drug [20].

With the advent of immunosuppressants, and espe-
cially anti-TNF therapy, mucosal healing rates increased
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considerably, and emerging evidence suggests that these
therapies will not only reduce disease activity, but might
also affect long-term complication rates.

In the endoscopic sub-study of the ACCENT I study,
patients treated with scheduled maintenance therapy
with infliximab had superior rates of mucosal healing,
and those who maintained complete mucosal healing
over 1 year had a lower rate (but the difference was not
significant) of hospitalizations and surgeries [21]. Re-
cently, a study of mucosal healing in a cohort of Leuven
CD patients under long-term treatment with infliximab
was reported. In this study, 214 patients had a colonos-
copy before and a second one within months after
starting infliximab. Mucosal healing (complete or par-
tial) was observed in 68% of the 183 initial responders.
Mucosal healing was associated with a significantly
lower need for major abdominal surgery during long-
term follow-up (14.1% major surgeries in patients with
mucosal healing vs 38.4% in patients without mucosal
healing, P < 0.0001) [22].

More recently, in a prospective clinical study, Baert
et al. [23] provide evidence that complete mucosal heal-
ing can lead to significantly higher steroid-free remission
rates through 2 years in patients with CD.

Future research should continue to explore the value
of mucosal healing (Fig. 1). Some authors have sug-
gested that transmural healing might be a superior end-
point, although correlations between mucosal and
transmural healing have not yet been studied.

It is well known that postoperative recurrence after
ileo-colonic resection is a feature of CD. Ileocolonoscopy
currently represents the gold standard for assessing CD
recurrence. Rutgeerts et al. [24, 25] demonstrated that
endoscopic recurrence after curative ileo-colonic resec-
tion is observed in almost 73% of patients at 1 year and

in almost 90% of patients at 3 years, even in the absence
of overt symptoms. Severe endoscopic recurrence, as-
sessed by Rutgeerts score (i2) is observed in about one-
third of patients at 3 months and in almost two-thirds of
patients 6 months after surgery [25]. The severity of
endoscopic lesions has been found to be predictive of
symptomatic and early clinical relapse, being associated
with a more aggressive course of the disease. Patients
with less severe endoscopic lesions according to Rutge-
erts’ score (<5 aphtoid ulcers at anastomosis site), have
a lower risk of clinical recurrence risk at 9% compared
with 100% risk at 4 years for patients with more severe
endoscopic recurrence (Rutgeerts’ score i2 or greater).
Ileocolonoscopy by using Rutgeerts’ score is recom-
mended within the first year after surgery to make a
decision regarding postoperative treatment, especially in
high risk patients [25].

Based on these data, evolution of mucosal healing is
becoming more and more used in clinical practice as a
therapeutic goal. However, one might argue that a
commonly accepted definition of mucosal healing is still
lacking. Moreover, endoscopic evaluation of mucosal
changes does not take into consideration the transmural
nature of CD, thus leading to the need of new diagnostic
tools of integrating endoscopy.

Conventional radiology and new
alternative techniques

Although ileocolonoscopy represents the gold standard
technique to evaluate ileo-colonic CD, it presents some
limitations. It is sometimes incomplete due to individual
anatomy and the examinations have shown several
drawbacks related to the procedure’s invasiveness and
discomfort, as well as the risk of bowel perforation and it
cannot be useful in patients with upper lesions or fibro-

Fig. 1. Mucosal healing in a 20-year-old CD patient after 12 months of biological therapy. A Shows ulcers in the terminal ileum.
B Shows mucosal healing in the same area after anti-TNF-a antibodies therapy.
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stricturing disease. Over the last few years, alternative
techniques, including ultrasonography (US), in particu-
lar, ultrasonography with oral contrast ingestion (Small
Intestine Contrast Ultrasonography, SICUS), computed
tomography (CT) and magnetic resonance imaging
(MRI) have been increasingly used for the evaluation of
patients with CD. The choice between imaging tech-
niques is often determined by local availability and
expertise.

Regarding the role of US in monitoring CD, no
standardized scores of disease damage and activity are
available so far. Some findings, compatible with CD
activity, are generally considered, including bowel wall
thickness, small bowel dilation, bowel stricture, compli-
cations of disease as fistulae, mesenteric enlargement,
and abscesses identified [26–28]. Disease location and
disease activity are the main factors influencing the
accuracy of US regarding the diagnosis of CD. The
highest values were found for anatomic areas easily
accessible by US, such as the terminal ileum and left
colon. The principal advantage of this technique is being
a widely available, minimally invasive and an ionizing
radiation-free tool.

Recent data suggest that the sensitivity of US for the
detection of disease activity ranged from 63% to 100%,
with specificity in the range of 77–100%. Overall sensi-
tivity was 85% (95% CI 79–89%) and specificity 91%

(95% CI 87–95%) [29, 30].
More recently, SICUS performed after the ingestion

of 375 mL (range 250–500 mL) of oral contrast solution
consisting of polyethylene glycol (PEG) has been pro-
posed for detecting small bowel lesions in patients with
suspected or known CD (>95%) [27]. SICUS findings
compatible with CD recurrence include an increased
bowel wall thickness, thus providing the view of extra-
luminal small bowel lesions. In a prospective longitudinal
study, we recently reported that SICUS may represent an
alternative non-invasive technique useful for assessing
CD recurrence after ileo-colonic resection [31].

In a recent systematic review, Panes and colleagues
reported that ultrasonography is an accurate technique
for diagnosis of suspected CD and for evaluation of
disease activity (sensitivities 0.84, specificity 0.92). It is
widely available and non-invasive, but its accuracy is
lower for disease proximal to the terminal ileum [29].
Contrast-enhanced US could classify severity signifi-
cantly better than Doppler-US signal and measurement
of mural thickening (P < 0.001) [32, 33].

In the last few years, CT and MRI competed with
conventional radiologic techniques such as small bowel
follow through (SBFT). CT offers a fine mucosal detail,
cross-sectional imaging techniques and permits the
complete evaluation of both luminal and extraluminal
structures [34]. CT and MRI have greatly improved the
detection of structural small bowel lesions in CD [35–37].
High quality images have made it possible to visualize

the precise location of lesions, bowel wall involvement,
fat or mesenteric changes around the gastrointestinal
tract, and the presence of strictures, fistulas, and ab-
scesses. An exact topography of CD lesions is possible
[36].

CT has demonstrated over 80% sensitivity and spec-
ificity for detecting bowel segments affected by CD and a
high specificity (90%) and sensitivity (70–80%) for ex-
traluminal complication [36]. In addition, CT can easily
be standardized, and images can be read centrally, thus
improving intra-observer disagreement. However, the
main drawback of CT is the risk of repeated radiation
exposure associated with the need for follow-up studies,
particularly in younger patients [38].

There are very few studies comparing the diagnostic
accuracy of MRI and CT in CD, but no significant dif-
ferences in sensitivity, specificity, and accuracy were
observed regarding CD location, extent and bowel wall
enhancement [35]. However, MR was significantly
superior to CT in detecting strictures [35]. The role of
MRI in CD was recently investigated by Rimola and
colleagues [29, 39–41]. The accuracy of MRI in the
diagnostic workout of patients with suspected CD was
evaluated in several studies [39–43]. Overall sensitivity
and specificity of MRI for the diagnosis of CD, were
78% (95% CI 67–84%) and 85% (95% CI 76–90%),
respectively. As with US, in addition to wall thickness,
consideration of other changes that are associated with
disease activity, such as wall enhancement after injection
of MRI contrast, and the presence of edema, increase the
sensitivity of MRI for diagnosing CD. Several studies
have evaluated the accuracy of MRI in the assessment of
activity in the terminal ileum and/or the colon. Pooled
results determining accuracy of MRI for the assessment
of disease activity show a sensitivity of 80% (95% CI
77–83%) and specificity of 82% (95% CI 78–85%) [29].

In a recent study, Rimola et al. [39] validated MRI
findings as predictors of active and severe CD and pro-
vided a quantitative Magnetic Resonance Index of
Activity (MaRIA). In this study, 48 patients with clini-
cally active (n = 29) or inactive (n = 19) CD disease,
underwent MRI and ileocolonoscopy as a gold standard,
by using CDEIS score. A regression model was created
using the wall thickness, relative contrast enhancement,
presence of edema and ulcers. Estimation of activity in
each segment using this regression model, correlated with
CDEIS (P < 0.001, r = 0.798) [39].

The introduction of novel imaging techniques has
increased the accuracy in defining changes in bowel
structure. These tools can be used to quantify damage, to
measure disease progression over time, and to assess the
impact of treatment strategies in the progression of CD.
In the same vein, recently the Crohn’s Disease Digestive
Damage Score (The Lemann score) was proposed [44].
The aim of this score is to measure cumulative tissue
damage based on a comprehensive assessment of struc-
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tural bowel damage, including stricturing lesions, pene-
trating lesions (fistulas and abscesses), and surgical
resection. The index score takes into account damage
location, extent, and severity. To evaluate damage
extent, the digestive tract is divided into segments based
on their clinical relevance, frequency of involvement,
feasibility of defining limits to one given segment, and
the Montreal Classification of disease. For each segment,
severity is scored on an ordinal scale ranging from 0
(normal) to 3 (maximal) for stricturing lesions, pene-
trating lesions, and surgical resection or bypass of bowel.
The final score varies from zero (no digestive damage) to
a theoretical maximum value corresponding to complete
resection of the digestive tract. This score is based on
independent ordinal variables describing lesions (stric-
tures, penetration by ulcers, fistulas and abscess, and
surgical resection of bowel) in each segment for the four
CD locations. The Lemann score should provide a better
measurement of the severity of structural bowel damage
and may be used to measure bowel damage progression
with repeated assessments. The slope of the curve of
digestive damage could be taken into account for deci-
sion-making, independent of damage severity.

Conclusions

In the last few years, the concept of CD as a progressive
disease inducing cumulative structural damage has
emerged. The need to develop an instrument, which
should be able to assess cumulative structural bowel
damage in CD patient’s history, taking into account both
the extent and severity of bowel lesions, including the
phenotype’s disease and previous surgery, is still lacking.
Damage will be assessed based on the medical history,
endoscopy, and other imaging techniques, chosen on the
basis of the patient’s characteristics. Development of this
instrument should provide a better measurement of the
severity of structural bowel damage and may be used to
measure the disease progression with repeated assess-
ments, identifying patients with severe damage who
require rapid changes in therapy.
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