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Abstract
BACKGROUND
Documentation of disease activity in patients affected by Crohn’s disease (CD) is
mandatory in order to manage patients properly. Magnetic resonance imaging
(MRI) is considered the reference cross-sectional technique for the assessment of
CD activity. Among MRI findings, layered pattern (LP) of contrast enhancement
seems to be one of the most significant signs of severe disease activity; however,
it has also been associated with chronic disease and mural fibrosis.

AIM
To systematically evaluate the accuracy of LP of contrast enhancement in the
diagnosis of active inflammation in patients with CD.

METHODS
In February 2019, we searched the MEDLINE and Cochrane Central Register of
Controlled Trials databases for studies evaluating the diagnostic accuracy of LP
of contrast enhancement on MRI for the detection of active inflammation in
patients with CD. To be included, studies had to use histopathologic analysis
(endoscopy or surgery) as the reference standard. Risk of bias and applicability
concerns of the included studies were evaluated by using items from the Quality

WJG https://www.wjgnet.com August 21, 2019 Volume 25 Issue 314555

https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v25.i31.4555
http://orcid.org/0000-0002-2731-6959
http://orcid.org/0000-0003-0134-3833
http://orcid.org/0000-0002-0967-7101
http://orcid.org/0000-0001-9087-5692
http://orcid.org/0000-0001-9285-4764
http://orcid.org/0000-0003-3108-7527
http://orcid.org/0000-0002-1941-8541
http://orcid.org/0000-0003-1862-7920
http://orcid.org/0000-0002-3091-7819
mailto:andrea.laghi@uniroma1.it


PRISMA 2009 Checklist statement:
The authors have read the PRISMA
2009 Checklist, and the manuscript
was prepared and revised
according to the PRISMA 2009
Checklist.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: March 26, 2019
Peer-review started: March 28, 2019
First decision: June 6, 2019
Revised: June 25, 2019
Accepted: July 19, 2019
Article in press: July 19, 2019
Published online: August 21, 2019

P-Reviewer: Can G, Sivandzadeh
G, Sultan K
S-Editor: Ma YJ
L-Editor: A
E-Editor: Ma YJ

Assessment for Diagnostic Accuracy Studies 2 (QUADAS-2) tool. Pooled
sensitivity and specificity were determined using a bivariate random-effect
model. Heterogeneity was quantified by using the I2 statistic. Our meta-analysis
received no funding, and the review protocol was not published or registered in
advance.

RESULTS
Of the 1383 studies identified, five articles were finally selected for quantitative
and qualitative synthesis (245 patients, 238 of whom had histopathologically
confirmed CD, 144 with active inflammation and 94 with inactive disease). The
meta-analysis showed a pooled sensitivity of 49.3% (95%CI: 41%-57.8%; I2: 90.7%)
and specificity of 89.1% (95%CI: 81.3%- 94.4%; I2: 48.6%). Pooled PLR and NLR
were 3.3 (95%CI: 1.9-5.7; I2: 6.1%) and 0.6 (95%CI: 0.5-0.9; I2 70.5%), respectively.
SDOR was 6.8 (95%CI: 2.6-17.6; I2: 27.1%). The summary ROC curve showed an
area under the curve (AUC) of 0.82 (SE 0.06; Q* 0.76). High risk of bias and
applicability concerns were observed in the domains of patient selection for one
included study.

CONCLUSION
LP on contrast-enhanced MRI is a specific finding to rule out active inflammation
in patients with CD. Further studies using a prespecified definition of LP on
contrast-enhanced MRI are needed to support our findings.

Key words: Crohn’s disease; Diagnostic imaging; Magnetic resonance imaging;
Inflammation; Fibrosis; Sensitivity and specificity; Meta-analysis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Magnetic resonance imaging (MRI) plays a critical role in the assessment of
Crohn’s disease (CD) activity and severity. Layered pattern (LP) of contrast
enhancement is frequently observed in patients with active disease; however, its
relevance remains controversial, since it has also been correlated with the presence of
mural fibrosis and chronic disease. Our systematic review and meta-analysis showed that
LP on contrast-enhanced MRI yields high specificity for active inflammation and can
reliably rule out the presence of active disease in patients with CD.

Citation: Bellini D, Rivosecchi F, Panvini N, Rengo M, Caruso D, Carbone I, Ferrari R,
Paolantonio P, Laghi A. Layered enhancement at magnetic resonance enterography in
inflammatory bowel disease: A meta-analysis. World J Gastroenterol 2019; 25(31): 4555-
4566
URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4555.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4555

INTRODUCTION
Assessement of inflammatory activity in patients affected by Crohn’s disease (CD) is
mandatory  in  order  to  manage  patients  properly.  Currently,  a  single  reference
standard to diagnose CD is not available. The diagnosis is composed of clinical and
laboratory  findings,  evaluation  by  endoscopy  and cross-sectional  imaging,  and
histological examinations[1].

In  case  of  suspected CD,  the  small  bowel  has  to  be  assessed with an imaging
method[1]. Among several cross-sectional imaging methods able to evaluate the entire
bowel  wall,  magnetic  resonance  enterography/enteroclysis  (MRE)  is  widely
considered the best imaging modality to determine disease activity and the grade of
severity, because of better contrast resolution, safety profile and reproducibility[1-3].
Numerous relevant papers have reported that the use of MRE in daily clinical practice
significantly alters the management of CD patients[4,5]. Indeed, owing to its ability to
provide both luminal and extra-luminal disease evaluation, MRE is critical in guiding
timely and tailored management, determining disease phenotype, extent, and activity
and defining the presence of stricturing or penetrating complications, and has been
shown to  positively  influence  clinician’s  diagnostic  confidence  and  therapeutic
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strategies[6,7].
There are several MRI findings that contribute to define the stage and the activity of

CD: Mural changes (bowel wall  thickening, wall  edema, fibrosis,  fat infiltration),
different  patterns  of  contrast  enhancement  (transmural,  layered),  mesentery
involvement (fibrofatty proliferation, fat stranding, enhancing lymphadenopathies),
and the presence of complications (luminal stenosis, fistulas, abscesses). However,
among all  these  features,  transmural  enhancement  seems to  be  one  of  the  most
significant signs of severe disease activity, being unequivocally associated with an
active disease with almost no fibrosis, and it is usually observed at the time of first
diagnosis, especially in children or young patients[8]. On the other hand, a layered
pattern  (LP)  of  enhancement,  defined as  strong enhancement  of  the  inner  layer
(mucosa)  and the  outer  layer  (serosa)  with no enhancement  of  the  middle  layer
(representing submucosa and muscularis)[9], has been associated not only with severe
disease activity[9-11] but also with chronic disease[8]; there is other relevant evidence that
correlate LP with mural fibrosis or fat deposition[8,12].

Seeking evidence-based information on diagnostic accuracy of imaging features for
detecting active or inactive CD, we conducted a systematic review and meta-analysis
to define the diagnostic yield of LP on contrast-enhanced MRI in the evaluation of
active inflammation in patients affected by CD.

MATERIALS AND METHODS
This systematic review was written by using the guidelines outlined by the Preferred
Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses  of  Diagnostic  Test
Accuracy Studies (PRISMA-DTA)[13] and the Cochrane Handbook of Diagnostic Test
Accuracy Reviews[14]. The review protocol was not published or registered in advance.
The authors received no financial support for this meta-analysis.

Literature search
In February 2019, two indipendent observers searched the MEDLINE (United States
National Library of Medicine) and Cochrane Central Register of Controlled Trials
(Cochrane Library) databases for studies that reported the diagnostic accuracy of LP
on contrast-enhanced MRI in detecting active inflammation in patients with CD. The
last search was performed on February 8, 2019. We proposed the following PICO(S)
question:  Patients  affected by CD; Index test  consisting of  LP;  Comparison with
histopathological findings; Outcome consisting in diagnostic accuracy in detecting
active inflammation; any type of Study that is not a case report or case series was
eligible for initial screening.

The search used the following keywords: inflammatory bowel diseases, CD, MRI,
LP, specificity,  sensitivity,  diagnostic accuracy, active inflammation, and fibrosis
combined using “OR” and “AND”. Additional articles were searched for using the
"Related Articles" function in PubMed (United States National Library of Medicine).
Authors crosschecked the references of the selected papers to identify any additional
pertinent manuscript. Full search strategies for all databases are described in detail in
the online-only supplementary material (Appendix S1).

Study selection
Potentially eligible studies were at first examined by two authors (blinded to the
review process, with 4 and 8 years of subspecialty abdominal imaging experience).
Studies performed on human patients whose title or abstracts reported the search
terms were selected. Review and commentary articles as well as case report or case
series  were  excluded.  The  full-text  review  of  eligible  papers  was  carried  out
independently by two other reviewers (blinded to the review process, with 2 and 6
years of experience); discrepancies regarding potential eligibility and inclusion were
resolved by consensus.  Reviewers  were aware of  authors’  names and journal  of
publication of the screened papers. Studies were included in the meta-analysis if they
met the following criteria: (1) Diagnostic accuracy of LP on contrast-enhanced MRI in
detecting active  inflammation in  patients  with CD was investigated;  (2)  Data  to
determine  2  ×  2  contingency  tables  were  available;  (3)  Per-patient  analysis  was
performed; (4) A proper reference standard to confirm imaging-based diagnoses was
used  for  all  patients  (i.e.,  endoscopy  with  biopsy  and/or  surgical  pathologic
examination); and (5) Patients were not a subgroup from any other included study
population

Data extraction and quality assessment
Two reviewers independently extracted relevant data from the included studies using
a data extraction form. Disagreements  were resolved by discussion with a  third
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reviewer (blinded to the review process, an MRI radiologist with more than 25 years
of experience). The extracted data were as follows.

Study characteristics: These characteristics included year of publication, study design
and country, sample size, main outcome, reference standards, interval between index
test and reference standard, and total number of true-positive (TP), false-positive (FP),
true-negative (TN) and false-negative (FN) findings.

Patient  characteristics:  These  characteristics  included patient’s  age  and gender,
patient spectrum (i.e., known or suspected CD), clinical setting and information about
CD activity.

Imaging characteristics: These characteristics included detailed information about the
imaging equipment  and basic  specifications (vendor,  model,  and magnetic  field
strength), assessment techniques used (MRI pulse sequences, postcontrast sequences
timing), bowel preparation (diet, cathartic or spasmolytic drugs), and enteral and
intravenous contrast agent used.

Reviewers tried repeatedly to get in contact with authors whose papers reported
incomplete or apparently conflicting or inconsistent data to be clarified.

Risk  of  bias  and applicability  concerns  of  the  included studies  were  assessed
independently by two authors (blinded to the review process, with 2 and 6 years of
experience)  using  items  from  a  customized  Quality  Assessment  of  Diagnostic
Accuracy Studies-2 (QUADAS-2) tool[15]. Disagreement was resolved by consensus
discussion with a third senior author (blinded to the review process, with 25 years of
experience in abdominal radiology). For each domain (patient selection, index test,
reference standard,  and patient  flow and timing),  risks of  bias  and applicability
concerns were rated as low (1),  high (0),  or unclear (0.5).  The risk for bias across
studies (i.e., “publication bias’’) was not assessed, since there is no generally accepted
method for this task and the number of included studies was low[16].

Summary Measures and Statistical methods
The primary end point in this systematic review and meta-analysis was to evaluate
sensitivity, specificity, positive likelihood ratio (PLR) value, negative likelihood ratio
(NLR), summary diagnostic odds ratio (SDOR), and summary receiver-operating-
characteristic  curve (SROC) of  LP on contrast-enhanced MRI in  detecting active
inflammation in patients with CD.

Data on numbers of TP, FN, TN, and FP findings were used to calculate a pooled
sensitivity and specificity along with 95% confidence intervals (CI), using random-
effect models according to heterogeneity in a per-patient analysis. For studies that
provided for additional reference standard tests other than endoscopy or surgery (e.g.,
CD  Activity Index and serum or fecal markers), only results from histopathologic
analysis were considered for data synthesis.

For each analysis, between-study heterogeneity was quantified computing I2 values
with the following equation: I2 = [(χ2-df)/ χ2] x 100%, where χ2 was the chi-squared
statistic and df the degrees of freedom. I2 values were rated as follows: I2 ≥ 25%, low
heterogeneity; I2 ≥ 50% moderate heterogeneity; and I2 ≥ 75%, high heterogeneity.

A P  value of <0.05 was used as the threshold for statistical  significance for all
analyses.  Data  were  analyzed by  using Comprehensive  Meta  Analyses  (version
2.2.064,  July 27,  2011,  Biostat),  Excel  365 (Microsoft),  and MetaDiSc (version 1.4,
Hospital Ramon y Cajal and Universidad Complutense de Madrid) statistical software
interfaces.

RESULTS

Study selection
Electronical search returned 1383 papers, of which 1105 were evaluated for inclusion,
after duplicates removal. After title and abstract review, 1088 articles not meeting the
inclusion criteria were excluded, and 17 papers underwent full-text review (Figure 1).
No additional studies were identified after checking the references. Twelve studies
were excluded due to impossibility of reconstructing a 2 x 2 contingency table or
because data were analyzed on a per-bowel segments analysis (Appendix S2). Five
articles were ultimately selected for quantitative and qualitative synthesis[10,11,17-19].

Data extraction
The detailed study and patient characteristics are reported in Table 1. The 5 studies
eligible for review[10,11,17-19] involved 245 patients, 238 of whom had histopathologically
confirmed CD, 144 with active inflammation and 94 with inactive disease. The median
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Figure 1

Figure 1  Diagram shows the process for selecting studies that were included in meta-analysis according to
PRISMA-2019 guidelines. The twelve articles that were excluded and their reasons for exclusion are listed in
Appendix S2[24-32].

sample size was 48 patients (ranging between 23 and 91 patients), and the median
patient age was 37 years (ranging between 15 and 78 years).  The median year of
publication of the included studies was 2011 (range 2001-2014). All five studies were
single-center studies conducted in Europe. Further detailed characteristics on the
index test and reference standard of the included studies are summarized in Table 2.

Data analysis
Accuracy of LP on MRI exams in the diagnosis of active inflammation: Two-by-two
data for diagnostic accuracy were summarized into a forest plot (Figures 2 and 3 and
Table 3).  Cumulative data for diagnostic accuracy were sensitivity 49.3% (95%CI:
41.0%-57.8%; I2: 90.7%), specificity 89.1% (95%CI: 81.3%-94.4%; I2: 48.6%), pooled PLR
3.3 (95%CI: 1.9-5.7; I2: 6.1%), and pooled NLR 0.6 (95%CI: 0.5-0.9; I2: 70.5%). The SDOR
was 6.8 (95%CI: 2.6-17.6; I2: 27.1%). The SROC curve showed an area under the curve
(AUC) of 0.82 (SE: 0.06; Q*: 0.76).

Quality assessment
The results of quality assessment are shown in Figure 4. Reference standard, patient
selection, and flow and timing domains were the major sources of concerns regarding
potential  bias.  Four  included  studies  did  not  report  whether  the  readers  who
interpreted the reference standard were aware of MRE findings[10,17-19]. In two studies,
the treatment was not withheld or interrupted before the completion of both the index
test and the reference standard[11,17], while this was unclear in the remaining three
included studies[10,18,19]. One study had high risk of bias and applicability concerns in
the patient selection domain because it was a case-control study and patients with
involvement of small bowel segments apart from terminal ileum were excluded[19].
The  comprehensive  results  from  the  quality  assessment  of  each  article  using  a
customized QUADAS-2  tool  are  reported  in  online-only  Supplemental  Material
(Appendix S3).

DISCUSSION
Our systematic review and meta-analysis, which included 245 patients (144 of them
with active inflammation), demonstrates that layered pattern has high diagnostic
accuracy for the identification of active CD.

By pooling and comparing data on different diagnostic accuracy measures, our
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Table 1  Study and patient characteristics of the included studies

Ref.
Year of
publica-
tion

Country Study desi-
gn

Founding
sources

Patient
spectrum

Inclusion
criteria

Disease
activity

No. of
patients

Age, yr,
mean
(range)or
mean ± SD

Gender,
male:
female

Del
Vescovo et
al[19]

2008 Italy Prospective NR Known
CD/healthy
controls

Proven
terminal
ileum
CD/no
history of
bowel
disease

8 active CD,
8 non-active
CD, 7
healthy
controls

23 37.5 ± 17.41 15:8

Grieser et
al[18]

2012 Germany Retrospec-
tive

NR Known CD Referred to
MRI for
evaluation
of disease
activity

24 active
CD, 24
patients
non-active
CD

48 37 ± 11 16:32

Koh et al[10] 2001 England Prospective NR Known CD Clinically
symptoma-
tic patients
referred to
MRI by
gastroentero
logists

23 active
CD, 7
patients
non-active
CD

30 37.6 (18-58) 14:16

Quaia et
al[17]

2014 Italy Retrospec-
tive

NR Known CD Clinically
symptoma-
tic patients
referred to
MRI for
evaluation
of disease
activity

47 active
CD, 44
patients
non-active
CD

91 39.6 ± 17.1 47:44

Zappa et
al[11]

2011 France Retrospec-
tive

NR Known CD Patients
who were to
undergo
bowel
resection for
small bowel
CD

42 active
CD, 11
patients
non-active
CD

53 35 (15-74) 28:25

1Data are relative to patients with CD. CD: Crohn’s disease; MRI: Magnetic resonance imaging; NR: Not reported; SD: Standard deviation.

most significant result is the high value of specificity (close to 90%), underlying the
importance of this pattern of enhancement in excluding active inflammation. The
clinical impact of this finding is of utmost importance, and assessing whether or not
active inflammation is present is crucial to guide the therapeutic management of
patients with CD, allowing physicians to distinguish patients who would benefit from
medical therapy[20]. Biological therapies aimed to control active inflammation have
notable side effect profiles. Clinical evaluation is always the first step to assess disease
activity. However, it has been shown that clinical evaluation of disease activity is
often unreliable and blood or fecal markers lack specificity to accurately identify
active inflammation[21,22]. Therefore, specific imaging signs, such as LP, which are able
to accurately identify active inflammation, are crucial to avoid overtreatment and to
reduce healthcare costs.

Despite the relatively low value of cumulative sensitivity (approximately 50%), the
overall  effectiveness of LP should be considered high. Indeed, our meta-analysis
showed a SDOR of 6.8 (95%CI:  2.6-17.5)  and a cumulative AUC of 0.82;  in other
words, it is almost 7 times more probable to identify LP in active CD than in non-
active CD.

Notwithstanding the importance of  LP,  the multiparametric  approach of  MRI
demands, in routine clinical practice, a more comprehensive assessment of all other
radiological signs. Rimola and coworkers [12] recently published an interesting paper
aimed to identify MRE features able to discriminate between active inflammatory
process and fibrosis. According to their results, the following MRE findings proved to
be significantly correlated with the presence of active inflammation at pathological
examination: mural edema (high signal on T2-weighted images; P = 0.02), increased
enhancement of the inner layer of the bowel wall (P = 0.03), ulcerations (P < 0.01), and
indistinct margins (P = 0.05). The same group proposed the use of an MR index of
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Figure 2

Figure 2  Diagnostic accuracy of layered pattern of enhancement for active Crohn’s disease. Forest plot of diagnostic sensitivity, specificity, and summary ROC
in discriminating active and non-active inflammation. SROC: Summary receiver operating characteristic; AUC: Area under the curve.

activity  (MaRIa),  pooling and powering different  findings  in  a  quantitative  and
objective manner, to assess the overall disease activity at MRI. Other quantitative
measurements of fibrosis are proposed by the same group for the identification of
severe disease with both active inflammation and fibrosis,  assessing the gain of
percentage enhancement between the 70 s and 7 min phase[12].

However, to the best of our knowledge, neither the abovementioned paper nor
other  articles  already  published  assessed  the  diagnostic  value  of  MRE-specific
findings in a systematic way. The high evidence level that comes from the present
meta-analysis  makes LP of  enhancement a practical  and reliable sign to be used
routinely for the evaluation of active inflammation.

Our study had notable limitations. First, the heterogeneity in number of patients
among different studies, with a large proportion of subjects from a few centers, may
have affected our work and may have been further compounded by the relatively
small number of studies enrolled. On the other hand, the number of included studies
is  comparable  to  that  commonly  reported  in  the  literature  for  meta-analyses  of
diagnostic  test  accuracy studies[23].  Second,  the data extracted from the included
studies were collected retrospectively from a relatively large patient cohort. Third,
three included studies used both endoscopy with biopsy and surgery as reference
standard[10,17,18], however we could not perform a sub-analysis to assess the potential
influence of the reference standard used on diagnostic accuracy, since necessary data
were not provided by the Authors. Fourth, a significant bias in the domain of flow
and timing could have negatively affected results. It is not clear in the three studies
included in our analysis, if the treatment of patients changed between the index test
and  the  reference  standard.  However,  the  interval  between  the  MRE  and
histopathological evaluation was fewer than 30 d in most of the studies, which is
reasonably acceptable considering the course of CD. Fifth, none of the studies had set
a threshold to define the “LP of enhancement” for which evaluation was performed
qualitatively and in a dichotomic way. This represents a source of bias in the index
text domain and is mainly derived from retrospective analyses only (rather than a
priori), which is known to overestimate diagnostic accuracy.

To  conclude,  our  meta-analysis’  results  demonstrate  that  layered  pattern  of
enhancement is a specific radiological sign of active inflammation in CD. However,
because of concerns about risk of bias and limited sample size, additional prospective
studies using a prespecified definition of layered pattern may be appropriate.
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Table 3  Two-by-two data of the included studies

Ref. TP TN FP FN

Del Vescovo et al[19] 8 14 1 0

Grieser et al[18] 6 21 3 18

Koh et al[10] 7 7 0 16

Quaia et al[17] 16 41 3 31

Zappa et al[11] 34 7 4 8

TP: True positive; TN: True negative; FP: False positive; FN: False negative.

Figure 3

Figure 3  Diagnostic accuracy of layered pattern of enhancement for active Crohn’s disease. Forest plot of positive likelihood ratio, negative likelihood ratio and
diagnostic odds ratio in discriminating active and non-active inflammation. LR: Likelihood ratio.
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Figure 4

Figure 4  Graphs show evaluation of risk of bias and applicability concerns for the five included studies combined using the quality assessment of
diagnostic accuracy studies-2 tool. Risk of bias and applicability concerns for individuals in included studies are reported in Appendix S3.

ARTICLE HIGHLIGHTS
Research background
Cross-sectional imaging evaluation of the small bowel is recommended in Crohn’s Disease (CD)
to determine the grade of  disease  activity  and the extent  of  bowel  involvement.  Magnetic
resonance  enterography/enteroclysis  (MRE)  is  often  preferred  over  other  cross-sectional
imaging modalities due to its ability to demonstrate transmural involvement or extraenteric
complications and the lack of radiation exposure.

Research motivation
Layered pattern (LP) of bowel walls’ contrast enhancement is commonly observed at MRE in
patients with CD. Nevertheless, it remains uncertain whether LP has to be considered as a sign
of active inflammation or rather correlates with chronic changes and the presence of coexisting
fibrosis. A better characterization of the clinical significance of LP may further expand the role of
MRE, helping clinicians to choose the best treatment option and to monitor response to therapies
over the course of the disease.

Research objectives
We  performed  a  systematic  review  and  meta-analysis  aiming  to  estimate  the  diagnostic
performance of LP of bowel walls’ enhancement at MRE in detecting inflammatory activity in
CD.

Research methods
Electronic search was performed to identify studies that investigated the diagnostic accuracy of
LP for the recognition of active inflammation in patients with known or suspected CD using
ileocolonoscopy with biopsy or surgical  specimens’ histopathological  analysis as reference
standard. Quality Assessment for Diagnostic Accuracy Studies 2 (QUADAS-2) was employed to
assess methodological quality of the included studies. Pooled data on diagnostic accuracy were
estimated by means of bivariate random-effect model analysis.

Research results
After full-text review, five studies met the inclusion criteria for quantitative analysis. Cumulative
data  on  LP  diagnostic  accuracy  demonstrated  by  meta-analysis  were  as  follows:  pooled
sensitivity, 49.3% (95%CI: 41.0%-57.8%); pooled specificity, 89.1% (95%CI: 81.3%-94.4%); pooled
PLR, 3.3 (95%CI: 1.9-5.7); pooled NLR, 0.6 (95%CI: 0.5-0.9); and SDOR, 6.8 (95%CI: 2.6-17.6).
Summary ROC curve returned an area under the curve (AUC) of 0.82 (SE 0.06). High risk of bias
and applicability concerns were raised up in relation to patient selection in one of the included
studies.

Research conclusions
LP of  bowel walls’  enhancement at  MRE yields high specificity for  active inflammation in
patients with CD.

Research perspectives
Our findings may further refine the role of MRE in characterizing inflammatory activity in CD,
providing relevant information to ensure proper therapeutic management. Future prospective
studies adopting a prespecified definition of LP are advisable to further support our findings.
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