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Abstract

Background and Aims: Reports on imaging of active Crohn’s disease (aCD) using contrast-
enhanced ultrasound (CEUS) are encouraging. However, the statistical power of most published
papers is limited due to the small size of the patient groups included. This study was performed to
verify the diagnostic value of CEUS in detecting aCD.

Methods: A systematic literature search was performed by two independent reviewers for articles
on the test characteristics of CEUS for the identification of aCD.The quality of the analysed studies
was evaluated using a quality assessment tool for diagnostic accuracy studies (QUADAS-2).
Pooling was performed using a diagnostic random-effect model and bivariate analysis.

Results: Eight articles were included in the final analysis, with a total of 332 patients. There was
no significant publication bias. Significant heterogeneity was found regarding CEUS methodology
and sonographic definitions of aCD. In a bivariate analysis, pooled sensitivity was 0.94 (95% CI
0.87-0.97) and pooled specificity was 0.79 (95% Cl 0.67-0.88). Spearman correlation statistics
presented no significant diagnostic threshold effect (r=0.12, p > 0.9). Subgroup analysis showed
that relative intestine wall enhancement had the highest diagnostic value (area under the curve
94%), while the presence of enhancement and analysis of the slope were less useful (area under
the curve 91 and 90%, respectively).

Conclusions: CEUS presents good sensitivity and moderate specificity in the detection of the
aCD. Large-scale randomized trials with quantitative evaluation of CEUS images are necessary to
promote this technique in clinical practice.
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1. Introduction often involves the terminal ileum. It is characterized by cycles of

Crohn’s disease (CD) is a chronic idiopathic inflammatory disorder
that can affect all sections of the gastrointestinal tract, and most
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remission and exacerbation.'. The prevalence of CD in Europe var-
ies from <10 to about 150 per 100 000 inhabitants.>? The chronic
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and recurrent nature of the disease requires repeated endoscopic,
biochemical and imaging examinations in order to decide the most
appropriate treatment and to determine the prognosis.

Prompt detection of the active phase of CD (aCD) is crucial to
the introduction of more aggressive treatment and to the avoidance
of serious complications. However, due to the heterogeneous clinical
presentation and disseminated nature of CD, there is no gold stand-
ard for the diagnosis and evaluation of disease activity. Therefore,
a comprehensive assessment of CD activity requires clinical, endo-
scopic, histological, radiological and biochemical investigations.?
Over the years, many clinical scales have been proposed to deter-
mine the degree of disease activity. Currently, the most commonly
used is the CD activity index (CDAI).** However, the CDAI is not a
perfect measure of CD activity since it is, to some extent, based on
indirect measures and subjective reporting by the patient. Moreover,
the practical value of the CDAI system is limited by insufficient accu-
racy in detecting cases of fistulizing and stenosing CD, low useful-
ness in patients after extensive ileocolonic resections or stoma, and
by significant interobserver variability.>*” Therefore, in many cases
additional studies are needed to assess the degree of disease activity.

The gold standard in the diagnosis of inflammatory bowel disease
located in the colon is colonoscopy.® However, colonoscopy is inva-
sive and is not well tolerated by patients with active disease. Instead,
imaging methods such as computed tomography (CT), magnetic res-
onance imaging (MRI) and transabdominal ultrasonography (US)
are performed, but all of these have disadvantages. CT exposes the
patient to a high dose of ionizing radiation, which is important when
repeated examinations are necessary’. MRI is expensive and of lim-
ited availability. Conventional and Doppler US are highly operator-
dependent and present limited sensitivity.'’

Contrast-enhanced ultrasonography (CEUS) is a relatively new
technique that can provide information on local tissue vasculariza-
tion and perfusion; it involves microvessel passage of an intrave-
nously administrated microbubble contrast agent.!" Increased bowel
wall perfusion generally indicates active inflammation, which can
be confirmed by histopathological studies. Therefore, CEUS may be
useful in determining the degree of disease activity.

Reports on imaging of acute CD using CEUS are encouraging.
However, most of the published papers are based on small groups of
patients and therefore the statistical power of such reports is limited.
The purpose of the present study was to systematically review the
literature concerning the role of CEUS using intravenously adminis-
trated microbubble contrast media in the imaging of aCD. We also
aimed to estimate the diagnostic accuracy of CEUS in the detection
of aCD.

2. Materials and methods

2.1. Literature search

We performed a systematic review of the literature indexed in
PubMed (US National Library of Medicine), EMBASE (Elsevier) and
Web of Science (Thomson Reuters) up to June 30, 2014. The follow-
ing keywords were used: CEUS, contrast-enhanced ultrasound, con-
trast-enhanced sonography, Crohn. These terms were exploded in
EMBASE and Web of Science or were used as medical subject head-
ings (referred to as MeSH) in MEDLINE. The search was restricted
to studies in English, German, Spanish and French. In order to screen
for eligibility, two reviewers (ZS, MB) independently reviewed all
abstracts and retrieved full-text articles on inclusion criteria using a
standardized data extraction form. Retrieved article references were
also searched for additional eligible studies.

2.2. Eligibility and data extraction

Inclusion criteria were as follows: (1) CEUS examination to detect
aCD; (2) verification vs clinical scoring system (CDAI or equivalent)
or histopathology; (3) research paper (not case report) including at
least 10 patients; (4) original study (not a letter, review or edito-
rial) published in a peer-reviewed journal. If both CDAI and histo-
pathology were used as a method of reference, results of microscopic
assessment were used for calculations. If there was suspicion that the
same study population was presented in more than one publication,
data from the article presenting the largest group were used.

Two reviewers (ZS, MB) independently extracted relevant data
from the studies that met the inclusion criteria and placed it in pre-
defined tables. These two reviewers were blinded to the authors of
original studies. Data extracted from the papers analysed included
demographic characteristics, reference method, study outcome, tech-
nical parameters of US scanning, contrast medium dosage and post-
processing method.

2.3. Quality appraisal of studies and statistical
analysis
The results of this systematic review were reported according to the
preferred reporting items for systematic reviews and meta-analyses
(PRISMA Statement).!? The quality of the analysed studies was eval-
uated by two reviewers (ZS, MB) in consensus using a quality assess-
ment tool for diagnostic accuracy studies (QUADAS-2)."3 The risk of
publication bias and concerns regarding applicability of studies were
then assessed by visually inspecting QUADAS-2 plots. The presence
of publication bias was verified using Deeks’s funnel plot, where sig-
nificant asymmetry (p < 0.1) indicated the presence of this bias.'
For data pooling, the Cochrane Q statistic was calculated with
the I? index to assess the heterogeneity of the included studies. For
p values <0.10, the assumption of homogeneity was deemed not
valid and the diagnostic random-effect model (DerSimonian—Laird
method) was used to calculate the pooled negative likelihood ratio
(NLR), positive likelihood ratio (PLR) and diagnostic odds ratio
(DOR) with their 95% confidence intervals (CIs). For sensitivity and
specificity pooling, two hierarchical logistic regression models were
used: a bivariate analysis (maximum likelihood) and a hierarchical
summary receiver operating characteristic (HSROC) model. The
bivariate model was used to calculate summary points for sensitivity
and specificity. The HSROC model was used to plot a summary line
representing the relation between sensitivity and specificity. Apart
from the heterogeneity analysis described above, p values <0.05
were considered statistically significant. Statistical analyses were
performed using OpenMeta[Analyst] (Tufts University, Boston, MA,
USA).1

3. Results

3.1. Characteristics of studies

The flow chart of the literature search is presented in Figure 1.
Finally, we included 8 studies with a total of 332 patients (mean 47.4
subjects, range 28-61).12 In the case of paper by Ripollés et al.,?
we included the given number of analysed intestine segments, not
patients.

Detailed characteristics of the analysed studies are presented in
Tables 1 and 2. Out of 8 studies, 4 were declared as prospective, 1
was retrospective, and in 3 the design was not stated. None of the
papers included any description of sample size calculation. In all but
2 studies,'”?! inclusion was restricted to subjects with proven CD.
In 2 studies, specific patient populations were tested: subjects after
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Abstracts retrieved
(n=51)

reviews — 8

other — 7

Abstracts excluded (n=34)

not on diagnostic accuracy — 7
contrast-enhanced doppler — 8
oral CM application — 4

Eligible papers
(n=17)

missing data — 3
reviews — 1

Excluded on full text (n=9)
not on diagnostic accuracy — 5

Papers included
(n=8)

Figure 1. Flow chart of the literature search.

Table 1. Characteristics of included primary studies.

ileocolic anastomosis?? and those who were scheduled for elective
bowel resection.?* Only in 2 papers'®!® were data provided regarding
the current medication given to subjects.

Reference methods were mostly endoscopic. Only Robotti et al.'¢
did not apply any colonoscopic evaluation as a reference, basing
their study on roughly described laboratory and clinical parameters.
On the other hand, De Franco et al.?* used a very specific composite
index of CD activity (CICDA). In their study, CD was classified as
active when at least 3 of the following 4 criteria were met: (1) CDAI
at least 150; (2) C-reactive protein level >5 mg/dL, white blood cell
count >10000/ul and fibrinogen level >400 mg/dL; (3) presence of
ileal ulceration at retrograde ileoscopy; and (4) small-bowel enema
or small-bowel follow-through examination showing aphthous or
linear ulcers, cobblestone mucosa, sinus tracts, fistulas with extra-
luminal fluid collections or fold thickening, and/or CT or magnetic
resonance enterography showing mucosal hyperenhancement, mural
stratification, comb sign, ulceration, fistulas with extraluminal fluid

Study Declared Study Mean or Reference Reference Site evaluated ~ CEUS threshold/
design group  median age (y)  method definition of by CEUS outcome
CD activity
Robotti, 20041 Retrospective 52 NR Laboratory/ ~ NR Small Presence of enhancement
clinical intestine
Giangregorio, 20097 Prospective 30 41.9 Endoscopy Histology Ileum/colon Full thickness or double-
layer enhancement, AUC
(>15), IMA (>10)
Migaleddu, 2009'8 NR 47 38 Endoscopy Histology Bowel Presence of enhancement
Ripollés, 2009 NR 61 39 Endoscopy SES-CD (grade  Ileum/colon Relative enhancement
3-4) >46 %
De Franco, 2012%° Prospective 54 35 Endoscopy CICDA Terminal Maximum peak intensity
/clinical ileum (>24 VI) and B coefficient
of the slope (>4.5 VI/s)
Quaia, 2012 Prospective 28 48.5 Endoscopy Histology Terminal Relative enhancement
ileum (>40.5%), TTP (<9.44),
AUC (>1024.82)
Paredes, 2013% prospective 60 39 Endoscopy Rutgeerts scale  Ileum Relative enhancement
(grade 1-4) >34.5%
Ripolles, 2013% NR 25 37.3 Resection Histology Ileum/colon Relative enhancement
>65%

NR, not reported; SES-CD, simple endoscopic score for Crohn’s disease; CICDA, composite index of Crohn’s disease activity; VI, video intensity; TTP, time to

peak; AUC, area under the curve; IMA, mean intensity of AUC

Table 2. Characteristics of contrast-enhanced ultrasonography (CEUS) acquisition and image analysis.

Study Probe (MHz) MI CM dose Scan delay/  Operators Ultrasonographic ~ Software Mean interval
(mL) scan time (s) device reference/CEUS
(range; d)
Robotti, 2004'¢ NR 0.09 4.8 NR 2 Esatune, Esoate NR NR
Giangregorio, 20097  Linear (7.5) NR 4.8 180/NR NR Technos MPX, Logiq works, NR (0-31)
Esaote Logiq 9, GEHC
Migaleddu, 2009'% NR (5-7) NR 24-5.0 NR 3 Esatune, Esaote NR NR (0-5)
Ripolles, 2009 Convex (3-6) <0.1 1.2 NR/40 2 Aplio 80, Toshiba  Built-in 11 (1-30)
De Franco, 20122° Linear (4-8)  0.08 4.8 NR 2 Philips iU22 QLAB 4.1.2., Philips NR (0-14)
Quaia, 2012*! Convex (2-5) 0.06-0.08 2.4 5/30 1 Siemens Q-contrast 4.0, NR
Sequoia 512 e-AMID, IT
Paredes, 20132 Convex (3-4) <0.1 1.2 NR/40 NR Aplio 80, Toshiba  Built-in 3
Ripolles, 2013% Convex (3-4) <0.1 1.2 NR/40 NR Aplio 80, Toshiba  Built-in 35 (10-59)

NR, not reported; MI, mechanical index; CM, contrast medium
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collections and perienteric fat with increased attenuation on CT and/
or high signal intensity on T2-weighted MRL.

The mean/median age of patients ranged from 35 to 49 years.
In all studies SonoVue (Bracco, Milan, Italy) was used as a sono-
graphic contrast medium at doses ranging from 1.2 to 5.0 ml. The
interval between the reference and CEUS examinations ranged from
0 to 59 days. The authors used both convex and linear probes with
a frequency range of 2-8 MHz and a mechanical index range of
0.06-0.1. Scan delay and scan time were described precisely in 1
paper only.?! Variability of results was tested in only 1 study.?

3.2. Quality of studies and risk of bias

Results of QUADAS-2 evaluation are shown in Figure 2. Overall,
the studies presented a low to moderate risk of bias and low con-
cerns about applicability. Only 3 studies had scores showing low
bias in all 4 domains of the QUADAS-2 system. The highest risk of
bias was related to patient selection. Considering concerns regarding
applicability, only two studies were scored. The Deeks funnel plot
asymmetry test showed that there was no significant publication bias
(r==0.12, p = 0.7696).

3.3. Test characteristics of CEUS

Thresholds for diagnosing aCD using CEUS that were used in the
included studies are listed in Table 1. In 3 papers, 2 or more alterna-
tive methods for quantification of enhancement quantification were
used. Giangregorio et al.'” used a semi-quantitative enhancement pat-
tern analysis and a time-intensity curve. The pattern of enhancement
was classified into 4 types: (1) enhancement of the entire intestinal
wall; (2) enhancement of mucosa with submucosa; (3) enhancement
of submucosa only; and (4) no enhancement of any wall layers. The
first 2 patterns were considered indicative of aCD. From a spectrum of
time—intensity curve measures, the total area under the curve (AUC)
and the mean intensity of AUC (IMA) were chosen. De Franco et al.?°
determined the maximum peak intensity (MPI), which reflected the
strength of intestine perfusion, and the B-coefficient of the slope that
correlated with time to peak enhancement, and evaluated the dynam-
ics of blood flow. Finally, Quaia et al. calculated test characteristics

based on relative maximal enhancement, time to peak of the slope,
and AUC.*! For general pooling, from the above-mentioned studies
we chose methods presenting the highest DOR.

Results of NLR, PLR and DOR calculations are summarized
in Table 3 and Figure 3. Heterogeneity was substantial in the case
of NLR (I? = 84%, p < 0.001), borderline but significant for DOR
(2 = 58%, p < 0.02) and low for PLR (I* = 38%, p > 0.1). In bivari-
ate analysis, pooled sensitivity was 0.94 (95% CI 0.87-0.97) and
pooled specificity was 0.79 (95% CI 0.67-0.88). Spearman cor-
relation statistics showed no significant diagnostic threshold effect
(r = 0.12, p > 0.9). The summary ROC curve based on HSROC
analysis is presented in Figure 4. A separate analysis was devoted
to specific subgroups of studies. Table 3 presents a comparison of
CEUS test characteristics calculated for all included reports, stud-
ies testing the presence of intestinal wall enhancement or its pat-
tern,'®72! studies based on slope analysis'”?*?! and studies designed
to detect a specific level of relative intestine enhancement (threshold
range 34.5-65.0%)."%2223 Interestingly, this last group of studies was
conducted by investigators from 1 centre. This subgroup analysis
showed that relative intestine wall enhancement had the highest
diagnostic value, while the presence of enhancement and analysis of
the slope were less useful.

Only 4 primary studies that were included in our meta-analysis
reported the value of B-mode or Doppler US for the diagnosis of
aCD."7"122 In the study by Giangregorio et al.'” there was a signifi-
cant difference in Doppler resistance index between inflamed and
non-inflamed bowel loops. There was also a moderate difference in
bowel wall thickness (8.1 and 7.1 mm, respectively) but its statis-
tical significance was not given. The presence of a typical 3-layer
appearance of the bowel wall had sensitivity of 25% and specific-
ity of 65%. Similarly, peri-intestinal findings were not useful for the
diagnosis of aCD in that study."” Migaleddu et al.'® measured the
diagnostic accuracy of sonographic scores based on the length of
involved bowel segments, wall layer appearance, wall thickness and
vascularity determined using colour Doppler. Accuracy values for
those scores were 74, 89, 91 and 91%, respectively, and were lower
than the accuracy calculated for CEUS (94%). Comparable results
were presented by Ripollés et al.!” In their study, diagnostic accuracy
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Figure 2. Results of QUADAS-2 quality assessment of original studies.
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Table 3. Test characteristics of contrast-enhanced ultrasonography (CEUS) with their 95% confidence intervals in all studies and selected

subgroups.

Characteristic All studies'®>

Presence of enhancement'6-18

Relative enhancement!”21-2 Enhancement curve 72021

Sensitivity® 0.94 (0.87-0.97) 0.87 (0.66-0.96)
Specificity® 0.79 (0.67-0.88) 0.70 (0.49-0.85)
NLR® 0.09 (0.04-0.20) 0.16 (0.04-0.73)
PLR® 3.42 (2.26-5.19) 3.10 (1.21-7.90)
DOR® 51.8 (15.2-176.8) 26.4 (1.9-366.4)
AUC 94% 91%

0.95 (0.89-0.98) 0.86 (0.75-0.93)
0.70 (0.57-0.81) 0.83 (0.63-0.93)
0.07 (0.03-0.16) 0.19 (0.06-0.61)
3.09 (2.04-4.67) 3.71 (1.68-8.18)
50.9 (17.0-152.0) 22.8 (5.1-101.6)
94% 90%

“Bivariate analysis (maximum likelihood).
"Random-effect model; p < 0.05 for all characteristics.

NLR, negative likelihood radio; PLR, positive likelihood ratio; DOR, diagnostic odds ratio; AUC, area under the curve.

of CEUS reached 90% and was higher than that of wall thickness
measurement (79%) and colour Doppler assessment (69%). Finally,
in the study by Paredes et al.?> CEUS presented higher diagnostic
accuracy than a combined classic US index (wall thickness >3 mm
and/or colour Doppler flow): 88 and 95%, respectively.

4. Discussion

To our knowledge this is the first systematic review and meta-anal-
ysis specifically focused on the role of CEUS using intravenously
administrated microbubble contrast medium in the detection of the
acute phase of CD. We found that the pooled sensitivity and specific-
ity of CEUS in this regard were 0.94 (95% CI 0.87-0.97) and 0.79
(95% CI 0.67-0.88), respectively.

The reliability of the clinical assessment of CD activity, as well
as the value of laboratory markers of inflammation, is increasingly
being disputed.?* Active disease can occur with very poorly expressed
symptoms, which in turn may lead to a lack of or delay in the initia-
tion of intensive treatment. On the other hand, the coexistence of
irritable bowel syndrome symptoms often causes unnecessary and
sometimes harmful intensification of aggressive therapy.?® The active
phase of CD is characterized by intense neovascularization and angi-
ogenesis,”® which results in increased regional perfusion and may be
related to contrast enhancement. Non-invasive transsectional imag-
ing modalities, including CT, MRI and CEUS, are able to assess both
the inflammatory activity, which is considered as thickening and
contrast enhancement of the intestinal wall, and the extent of disease
outside the intestine.?’?” A meta-analysis by Horsthuis et al.>* has
confirmed that MRI and CT are effective methods for the diagnosis
of inflammatory bowel diseases (IBD), including CD. Mean sensitiv-
ity for the diagnosis of IBD on a per-patient basis was 0.93 and 0.84
for MRI and CT, respectively, while mean per-patient specificity was
0.93 for MRI and 0.95 for CT. The test characteristics calculated on
a per bowel segment basis were slightly lower. Therefore, because of
their accuracy and non-invasiveness, these modalities are of greatest
interest for routine follow-up. US as a cost-effective, readily avail-
able and non-invasive modality has become the standard in the diag-
nostics and monitoring of disease activity.’! In centres specializing in
the treatment of patients with IBD, US is becoming the method of
choice and its outcome affects treatment decisions.*?> B-mode US has
been used to evaluate CD since the early 1990s. Hence, the improve-
ment of US systems and the advent of high-resolution, broadband
linear array transducers has led to more common use of this imaging
modality in clinical practice.*® US is able to visualize bowel wall thick-
ening and the associated transmural and perivisceral inflammation.
However, it is also known that these abilities are highly reliant on

the experience of the operator and on the bowel segment involved by
the disease. The diagnostic performance of B-mode US is extremely
variable among different studies; its sensitivity has been reported to
range between 0.77** and 0.96% and its specificity between 0.57%*
and 1.°°% In a recent meta-analysis, Dong et al.?} evaluated the per-
formance of bowel wall thickness measured by B-mode US for the
diagnosis of aCD. The threshold for the diagnosis reported in pri-
mary studies varied between 3 and 7 mm. The meta-analysis showed
that the pooled sensitivity of US was 0.88, the pooled specificity was
0.97 and the pooled accuracy was 0.94, although data regarding
specificity and accuracy were affected by significant heterogeneity.
Therefore, compared with our results, B-mode US seems to be less
sensitive and more specific than CEUS. Doppler US has also been
proposed as a method of aCD detection,**° but again the subjec-
tivity of the analysis prevented the setting of any widely accepted
standard of flow analysis.>! Instead, combined sonographic scores,
including bowel wall thickness, wall echogenicity and vascularity,
have become popular.!#1%22

US with intravenous administration of microbubble contrast
medium has been proposed as a modality for aCD diagnosis for
many years.'® Recent guidelines by the European Federation of
Societies for Ultrasound in Medicine and Biology indicate that add-
ing CEUS to the routine diagnostic protocol improves reliability in
estimating the activity of CD and that quantitative measurements
of enhancement obtained by CEUS also correlate with activity.*!
Moreover, the authors of the guidelines suggest that evaluation of
intestinal wall enhancement during biological therapy (e.g. with
anti-tumour necrosis factor [TNF] agents) seems to be a useful and
relatively cheap imaging modality for the clinical monitoring of CD
activity. The overall Recommendation Level for the use of CEUS for
estimation of activity in inflammatory bowel disease was B;1b.*!
However, no widely accepted consensus regarding enhancement
parameters for the diagnosis of aCD was proposed. Without such an
arrangement, a reasonable determination of the diagnostic value of
CEUS is not possible.

Recently, a systematic review published by Ma et al.** had an
aim similar to that of our study, i.e. to assess the overall perfor-
mance of CEUS in the diagnosis of active and quiescent CD. Based
on their meta-analysis, the authors concluded that CEUS ‘can be a
great measurement tool differentiating active from quiescent CD’.
However, the review included somewhat obsolete contrast media
(Levovist and oral PEG-3350), which reduced the practical value
of the paper. Moreover, the methodology of the review by Ma et al.
excluded 3 papers pooled in our meta-analysis.'®2%?! Finally, the
results of the study by Paredes et al.?> were calculated using a joint
sonographic score that included both enhancement and bowel wall
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Figure 3. Negative likelihood ratio, positive likelihood ratio and odds radio and their forest plots for the diagnostic value of CEUS in detecting Crohn's disease

activity.

thickening; this approach resulted in an artificial increase in the
CEUS pooled diagnostic value. Considering all the criticisms men-
tioned above, we consider our meta-analysis an important contri-
bution to the discussion of the role of CEUS in the diagnostics
of aCD.

We found that the most important problem with the current
evidence regarding imaging of aCD with the use of CEUS is the
technical and methodological quality of the studies. In several
cases, although the studies were declared as prospective, diag-
nostic outcomes were not strictly defined in the study design.
Moreover, all studies were based on small patient groups without

any previous sample statistical calculations. Another problem was
the observed great variability in diagnostic thresholds used. Those
included the simple presence of intestinal wall enhancement,'*"

19.21-23 and a mathematical

a range of relative enhancement values
slope analysis. 722! The first method appeared fairly robust, prob-
ably because of the subjectivity of estimation. Arrival of single
SonoVue bubbles at the intestinal wall takes place even in normal
bowel segments and therefore the determination of a significant
signal increase is difficult. On the other hand, CD activity deter-
mination based on a fixed relative enhancement value presented

the highest DOR in our meta-analysis. However, this result may
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Summary ROC curve
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Figure 4. Summary receiver operating characteristic plot presenting test performance of CEUS in detecting Crohn’s disease activity.

be biased since the particular thresholds used in primary studies
varied significantly (34.5-65.0%) and were established retrospec-
tively based on raw data. Interestingly, an advanced enhancement
curve analysis using dedicated software was of limited value. Such
software packages offer a variety of perfusion measures, including
the analysis of contrast medium wash-in and wash-out dynam-
ics as well as enhancement intensity.** They also offer several
tools to standardize measurements, such as US device-specific
calibration, linearization of video files, curve-fitting modelling
and motion compensation. Still, although aCD detection based on
slope analysis seems to be promising, current evidence indicates its
limited accuracy. Thus, further standardized investigation is neces-
sary in this regard.

There are limitations to this study that should be addressed.
Firstly, only articles that were published in peer-reviewed jour-
nals, were indexed in 3 main databases and were written in 4 main
languages were included in this systematic review, which might
have introduced publication bias. Moreover, since CEUS in CD is
usually an above-standard but also a technically non-demanding
procedure, there is the possibility that many single-centre studies
have not been published. However, although a peer-review system
does not guarantee optimal scientific value of included articles, its
formal requirements should improve the quality of publications.
Secondly, we included studies with a wide range of reference stand-
ards, including histopathological specimen evaluation, endoscopic
visual assessment and CDALI Therefore, the proper classification of
CD activity might have been biased. Thirdly, definition of aCD was
either not given in the papers or differed significantly among the
studies, which underlines the limited quality of current evidence on

the subject. Finally, the authors of the reviewed studies used very
different enhancement thresholds to diagnose aCD, which seems to
be the most important weakness of this meta-analysis. This situa-
tion is a result of the lack of widely accepted consensus regarding
the use of CEUS in CD. Hopefully, the introduction of advanced
postprocessing software will result in the setting of some strictly
defined parameters of intestinal wall enhancement that will be both
reproducible and objective.

In conclusion, the role of CEUS in the detection of the active
phase of Crohn’s disease seems to be promising, considering its sig-
nificant test characteristics and non-invasiveness. However, evidence
for the routine use of CEUS was weak, since the published studies
were based on small study groups and present significant method-
ological heterogeneity. There is still a need for a large prospective
study on the role of CEUS in active CD detection that would help
in introducing the method into everyday practice. We would also
emphasize the need for a widely accepted diagnostic threshold for
the diagnosis of active CD that would promote CEUS as an objec-
tive modality.
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