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Abstract

Purpose To assess the grading of Crohn’s disease activity
using CT, MRI, US and scintigraphy.

Materials and methods MEDLINE, EMBASE and Cochrane
databases were searched (January 1983—March 2014) for
studies evaluating CT, MRI, US and scintigraphy in grading
Crohn’s disease activity compared to endoscopy, biopsies or
intraoperative findings. Two independent reviewers assessed
the data. Three-by-three tables (none, mild, frank disease)
were constructed for all studies, and estimates of accurate,
over- and under-grading were calculated/summarized by fixed
or random effects models.

Results Our search yielded 9356 articles, 19 of which were
included. Per-patient data showed accurate grading values for
CT, MRI, US and scintigraphy of 86 % (95 % CI: 75-93 %),
84 % (95 % CI: 67-93 %), 44 % (95 % CI: 28-61 %) and
40 % (95 % CI: 16-70 %), respectively. In the per-patient
analysis, CT and MRI showed similar accurate grading esti-
mates (P=0.8). Per-segment data showed accurate grading
values for CT and scintigraphy of 87 % (95 % CI: 77-93 %)
and 86 % (95 % CI: 80-91 %), respectively. MRI and US
showed grading accuracies of 67-82 % and 56-75 %,
respectively.

Conclusions CT and MRI showed comparable high accurate
grading estimates in the per-patient analysis. Results for US
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and scintigraphy were inconsistent, and limited data were

available.

Key Points

* CT and MRI have comparable high accuracy in grading
Crohn’s disease.

* Data on US and scintigraphy is inconsistent and limited.

* MRI is preferable over CT as it lacks ionizing radiation
exposure.

Keywords Crohn’s disease - X-ray computed tomography -
Magnetic resonance imaging - Ultrasound - Radionuclide
imaging

Introduction

Cross-sectional imaging techniques are widely used for diag-
nosis and evaluation of Crohn’s disease. Numerous studies
have evaluated the diagnostic accuracy of cross-sectional im-
aging techniques in patients with Crohn’s disease, and a meta-
analysis was published that investigated the diagnostic accu-
racy of computed tomography (CT), magnetic resonance im-
aging (MRI), ultrasound (US) and scintigraphy [1]. However,
clinical monitoring and choice of therapy largely rely on grad-
ing of disease activity.

Clinical symptoms and inflammatory lesions can exist in-
dependently, so assessment of the bowel is essential in guiding
therapy decisions [2]. If inflammation is present, it is impor-
tant to distinguish between mild, moderate and severe disease,
as medical management differs among these stages [3].
Ileocolonoscopy, the current reference standard for luminal
Crohn’s disease, is accurate for assessing mucosal abnormal-
ities, but it has several drawbacks, as it is an invasive tech-
nique, is associated with the risk of bowel perforation, is in-
capable of assessing trans- and extraluminal disease, and is
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limited to the colon and terminal ileum [4]. Video capsule
endoscopy (VCE) is a well-tolerated and accurate alternative
to ileocolonoscopy that allows assessment of the whole gas-
trointestinal tract, although it has shown lower specificity and
bears the risk of capsule retention, which occurs in up to 13 %
of patients with Crohn’s disease [5].

Cross-sectional imaging techniques that could accurately
grade disease severity would be preferable to ileocolonoscopy,
as they are non-invasive and not limited to the colon and
terminal ileum. Several studies have looked at the use of
cross-sectional imaging for assessing the severity of
Crohn’s disease, but offered no comparison between imaging
techniques, as no meta-analysis was performed [2, 6]. To our
knowledge, only one such meta-analysis has been performed,
but it evaluated only MRI and used a search period that ended
in April 2007 [7]. This study showed that MRI correctly grad-
ed disease activity in 91 % of patients with frank (moderate-
to-severe) disease. However, correct grading was limited in
patients with disease in remission and with mild disease
(62 % for both). Furthermore, no comparison with other im-
aging techniques was made and numerous articles on the grad-
ing of Crohn’s disease using MRI have been published since
2007.

Our purpose was to systematically review and compare the
accuracy of CT, MRI, US, scintigraphy and positron emission
tomography—computed tomography (PET-CT) in grading
Crohn’s disease activity on a per-patient or per-segment basis
as compared to endoscopy, biopsies or intraoperative findings
by performing a meta-analysis. Furthermore, we aimed to in-
vestigate the degree of over- and under-grading for these im-
aging techniques.

Material and methods

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [8]. The review protocol was not pub-
lished or registered in advance.

Literature search and strategy

We performed an electronic search in MEDLINE, EMBASE
and Cochrane databases for studies examining the accuracy of
CT, MRI, US, scintigraphy and PET (-CT) for grading
Crohn’s disease activity in human subjects. Search terms
‘Crohn’s disease’ and ‘inflammatory bowel disease’ were
combined using ‘OR’ and search terms for imaging modalities
were combined using ‘OR’ as well. These two groups were
combined using ‘AND’. The search period was limited from
January 1983 to March 2014. Details of the search strategy are
provided in the electronic supplementary material (Appendix
El).
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Study selection on title and abstract

All articles retrieved from the electronic search were assessed
by one observer (CP). Non-relevant articles and articles in the
form of a review, case report, comment or letter were exclud-
ed. Subsequently, the remaining titles and abstracts were in-
dependently assessed by two observers (CP, JT) to identify
potentially eligible articles. In cases of uncertainty, articles
were deemed potentially eligible and retrieved as full text.

Study selection on full text

The full texts of the remaining articles were retrieved. Two
observers (CP, JT) independently reviewed all eligible articles
for the following inclusion criteria: (a) ten or more patients
were included (fewer were considered case-series); (b) CT,
MRI, US, scintigraphy or PET (-CT) was used to grade
Crohn’s disease activity; (c) patients with clinically suspected
inflammatory bowel disease (IBD) or known IBD/Crohn’s
disease were included; (d) endoscopy, biopsies or intraopera-
tive findings were used as a reference test; (¢) imaging features
used for grading disease activity were defined; (f) raw data
were available to construct 3 x3 tables; (g) articles were writ-
ten in English, Italian, Spanish, French, German or Dutch; and
(h) patients with Crohn’s disease could be analysed separately
from other IBD patients. No patient age limits were applied.
Articles in the form of a review, case report, conference ab-
stract, comment or letter were excluded. In the case of dupli-
cate publications, we excluded the studies with the lower
number of patients. Disagreement regarding potential eligibil-
ity and inclusion was resolved by consensus. The observers
were not blinded to author and journal names.

Study characteristics

Methodological characteristics Both reviewers extracted
study characteristics independently for all included arti-
cles using a standardized form. To assess the quality of
the study design, we used a modified Quality Assess-
ment of Diagnostic Accuracy Studies 2 (QUADAS 2)
tool [9, 10], as it separately assesses risk of bias in
several methodological domains (patient selection, index
test, reference test and patient flow) using a number of
signalling questions (Table 1). Risk of bias for each
domain was described as high, low or unclear. In addi-
tion, concerns regarding the applicability of the patient
population, index and reference test to the review ques-
tion were rated by the observers as high, low or unclear.
Disagreements were resolved by discussion.

Patient characteristics The following patient characteris-
tics were recorded: number of patients included, number
of patients in the analysis, whether patients were
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Table 1
every domain using the signalling questions

Methodological characteristics from the QUADAS tool and their corresponding signalling questions [9, 10]. The risk of bias is determined for

Modified QUADAS Methodological Characteristics
Domain

Signalling questions
(Yes, no, unclear)

Patient selection

Index test

Reference test

Patient flow

Prospective / Retrospective ®

Was a consecutive or random sample of patients enrolled?
Was a case—control design avoided?
Did the study avoid inappropriate exclusions?

Were the index test results interpreted without knowledge of
the results of the reference test?

If a threshold was used, was it pre-specified?

Was the execution and interpretation (expertise, image analysis) of the index
test described in sufficient detail to permit its replication? *

Is the reference test likely to correctly classify the target condition?

Were the reference test results interpreted without knowledge of the results
of the index test?

Was the execution and interpretation of the reference test described in
sufficient detail to permit its replication? *

Was there an appropriate interval between index test(s) and reference test
(>1 month)?

Did all patients receive a reference test?

Did all patients receive the same reference test?

Were all patients included in the analysis?

Was the data collected after the research question was defined?

#This signalling question was added from QUADAS 1 [10]. We considered this question essential for quality assessment, while it is not part of

QUADAS 2 [9]
° This item was not part of the QUADAS tool

recruited consecutively, age characteristics, gender ratio,
patient spectrum (i.e. known or suspected IBD or
Crohn’s disease) and other selection criteria for patient
inclusion.

Imaging characteristics Imaging characteristics concerning
type of equipment and basic specifications (type of scanner for
CT, field strength and coil type for MRI, and transducer type
for US), techniques used for evaluation (sequences for MRI,
use of Doppler for US, labelling target and tracer type for
scintigraphy), bowel preparation (fasting and/or laxatives),
use of luminal and/or intravenous contrast medium, timing
of post-contrast scans and use of spasmolytic drugs were
extracted.

Reference test All reference tests (i.e. endoscopy, biopsies or
intraoperative findings) used for analysis were recorded.

Imaging and reference test interpretation We recorded the
following information regarding interpretation of imaging and
reference tests: the interval in days between index and refer-
ence tests, bowel segments that were examined, grading
criteria used for imaging and reference tests, imaging features
used for evaluation of disease activity, and whether
grading was performed on a per-patient and/or per-
bowel-segment basis.

9356 articles retrieved

9207 articles excluded on
title and/or abstract

149 articles potentially
relevant articles

—
130 articles excluded on full-text

58 No imaging features used for grading
disease activity defined
36 No raw data available for 3 x 3 tables
25 No endoscopy, biopsies or intra-operative
findings
6 Number of patient <10
2 Separate analysis CD patients not possible
1 Duplicate publications
1 Incorrect type of work
1 Article not in English, German, French,
Italian, Spanish or Dutch

.

19 articles included in the
meta-analysis

CD = Crohn's disease
Fig. 1 Flow diagram showing study selection

@ Springer



3298

Eur Radiol (2015) 25:3295-3313

Fig. 2 QUADAS signalling
questions (Table 1) per domain
(from up to down: patient selec-
tion, index test, reference test and
patient flow). The last column
shows whether studies included
patients prospectively.

Signalling questions

Consecutive sample
Case-control avoided
Avoided inappropriate exclusions

Blinded from results of reference standard
Pre-specified threshold used
Sufficient detail to replicate

Correct target classification (ref.stand.)
Blinded from results of indext test
Sufficient detail to replicate

Appropriate interval (>1month)
Reference standard on all patients
Same reference standard on all patients
Al patients included in analysis

Prospective
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* For index tests CT and scintigraphy, the answer here were no and yes, respectively. Any other
signaling questions regarding CT and scintigraphy for this study were answered identically.

Data extraction

Grading results for imaging and reference tests were
extracted with the grading scales used in individual
studies (i.e. three-, four-, or five-grade scales). From
this data, three-by-three contingency tables comparing
results from index and reference tests categorized as
none, mild or frank disease were constructed for each
study. These categories did not use predefined
criteria, but were formed either by using the original
grading from each study (in the case of a three-grade
scale) or by merging certain grades to form a three-
grade scale. If a four-grade scale was used (none,
mild, moderate or severe disease), groups with mod-
erate and severe disease were merged into frank dis-
ease. For five-grade scales, the second and third
scales were grouped into mild disease and the fourth
and fifth were grouped into frank disease. When stud-
ies used multiple reference tests, we used intraopera-
tive findings as the reference standard. In other cases,

Patient selection
Patient selection applicability

Fig. 3 QUADAS risk of bias per
domain and concerns regarding
applicability for domains of
patient selection, index test and
reference test

Index test
Index test applicability

Reference test
Reference test applicability

Patient flow
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histological findings from biopsies were preferred
over endoscopic findings. Because the imaging results
in these studies were based on the most severe lesion,
we considered histological data from biopsies as more
lesion-specific and better resembling imaging results
than endoscopic results.

Publication bias

To study publication bias, we followed the method by
Deeks et al., as recommended in the Cochrane hand-
book for DTA reviews [11]. We first calculated effective
sample sizes (ESS) for each study. We then performed
linear regression analyses if enough datasets were avail-
able in a group (n>5), with the proportion of accurate
grading per study as the independent variable and
I/NESS as the dependent variable. A significant regres-
sion coefficient (P<0.05) was deemed sufficient to indi-
cate publication bias.

I | ] M Low risk / concerns
I | [ High risk / concerns
O Unclear

I
I |
| | I
I |
[ I

20 40 60 80 100

%
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=]
Data analysis B "
g |
For each study, we constructed three proportions: ‘accurate § o g
grading’, defined as the number of correctly graded patients *g é 2 2w
or segments; ‘under-grading’, defined as the number of pa- &E e %A
tients or segments on which the index test graded lower than -
the reference test; and ‘over-grading’, defined as the number &
of patients or segments on which the index test graded disease é
activity higher than the reference test. Datasets were sorted 2 g
into groups by type of imaging, which were then subdivided - g é
by target of evaluation (per-patient or per-segment). To quan- g = Z
tify heterogeneity we calculated the I*-statistic for each group. § E ?
Data were pooled if more than one dataset was avail- > g 8 z
able in a group and the data were not too heterogeneous
(I><75 %) [12]. =~
For the pooled data, we calculated mean logit accurate %6
grading and under- and over-grading values with correspond- 2 ‘u;;
ing standard errors using non-linear fixed or random effects g_%
models based on the Akaike information criterion (AIC) sta- 5 £
tistic (a lower AIC value indicates a better fit) [13, 14]. Using 55|28 28
anti-logit transformation, we obtained summary estimates
with 95 % confidence intervals (95 % CI) for accurate grading S 25
and over- and under-grading. In several studies, multiple g % =] €
datasets were available (i.e. multiple readers). Because we E é(é 2 é
used all datasets for analysis, we adjusted the correlation be- 2 £ 5 B =
tween datasets from the same study by adding the same num- é ~ E :‘1;_%1) o
ber for each study in the subject statement of the random § *§ E % g %
effects approach. g <2 = 5 o
Comparison of CT, MRI, US and scintigraphy was per- g 5o BEEEE
formed with Z-tests using the logit values of the pooled data. ié 288 2 g 'q'é i
For data that was not pooled, we performed logit transforma- g § E % ; S EE
tion using proportion and sample size (n) to enable compari- — a =@
son. To calculate logit values for proportions of 0 or 100, we
added 0.5 to the number of events [15]. P values less than 0.05 §
indicated a statistically significant difference. All data analy- g fgn
ses were performed using Excel 2010 (Microsoft Corporation, 2 &
Redmond, WA, USA), SPSS 22.0 (IBM SPSS Statistics for E E{)
Macintosh, Version 22.0; IBM Corp., Armonk, NY, USA), A s 22
and SAS 9.3 (SAS Institute, Cary, NC, USA) software
programs. 3 % 3 %
5 252 ¢ S
Results = E 3 3 £ 3
2 | 2353 z
Search and study selection et E‘ = E g E
g| & |27 2
The search yielded 9356 articles. After selection on title and/ é 'g
or abstract, 149 articles remained and were retrieved as full- § C = &
text articles (Fig. 1). Of these remaining articles, 130 did not 5 o« 5 g
fulfil the eligibility criteria (Appendix E2). Nineteen articles 3 = 8 3
met all inclusion criteria and were included for further data - = 'cg g é«
extraction. CT was evaluated in 3 [16—18], MRIin 11 [19-29], 2| & E % § 3
US in 3 [30-32], and scintigraphy in 3 [18, 33, 34]. No s | & = S 2 S

@ Springer



3301

Eur Radiol (2015) 25:3295-3313

(3senuoo-jsod) uorssarddns jej yim oyod
urds 1 ‘(senuod-sod/-a1d) HSVTI-TL
TIVY 0ys 9[Sue mo jsey aseyd-Jo-no
‘(senuos-isod/-axd) 11, ¢ parejodiaur ‘JISSq
(3senuod-jsod)
uorssaxddns yey s g44-11 ‘ASL-CL ‘AAd9
TIVY ‘(senuoos-isod-o1d) uorssarddns
Tey yua 11, (¢ parejodiopur ‘outd ‘q4SSq
TIVY ‘(senuod-jsod)
uorssaxddns jej ym 11, ¢ porejodiojuy
‘vorssaxddns jej ym 71, ‘qASS ‘(3senuos-jsod)
uorssaxddns jey yum [ ¢ parejodiuy
TIVY ‘(senuod-jsod/-axd)
uorssaxddns jej ym 11, ¢ parejodiour ‘gISSq
‘(3senyuoo-ysod) uorssaxddns jej ypim
HSVT4-11 ‘Gsenuodsod) HSVTA-TL
‘HSVTd-1L TV ddSSq ‘HOVAS-CL A€

SN

SN
OpLIO[YI0IpAY uodeon|3

Sw [ J0 A1 uedoosng Fw (g
9puIo[yo0IpAYy uoFeon[3 3w |

o A1 uedoosng Sw (g

A1 uedoosng 3wt (]

A1 uedoosng

A1 uedoosng Fw (g

A1 uedoosng

A1 uedoosng Sw

urw O] “(40°Y 1oy pasn) s O¢ s ¢
urw
‘unu G (DY 10 pasn) s O S G

SN
S 0L

S 0SI
S06SGLS09SShS0f
SN
SN

$ 081 'S 0TI
(@Y 103 pasn) s 0L °s OF

S 0L

Vd1a-pD Sy/jowur 170
Vd1d-po Sy/jowt [0
Vd1d-pO Sy/jowur 170
opruepopen Sy/jowt §0°Q
VdLd-pD 8/ 1w 70
Sprwerpopen) S/ [°()
Vd1La-PD Sy/jowt [0

VdLd-PO Sy/joww -0

VdLA-PO 3/ 1w 70

[61] €661 muooys
[0zl v661 mueoys
[12] so0T duo14
[+2] 900z smusioq
[s2] 800T mowonnH
[92] 010T smusioq
[£2] 010T noxeioy

[82] 1107 033[[eD

[62] €102 TS

Juode Surum douanbas
soouanbag onAjowsedg JSENUOD-)SOJ JSEUOD ‘AT Apms
Aqreroar
VN Tojem A 2IXIW (/oW ¢) pH T §'T 0S€€ [050108 N [100 Apoq Aeire paseyq 1¢1 [€2] 00T 10421108
A[eroar [DeN
% 6°0 1 0'1—+°0 pue Ajjeto soud 1y |
VN P9s qOIEO YYIm UONN[OS [ONUUBA T T Sunsey s1q 7| 1100 Apoq Aewre posetq LST [z2] 00T 104arydg
VN SN SN SN A [61] €661 mucoys
VN auoN SN SN LSl [02] #661 musoys
9% | JToud sy g 1o5em T | Sunsey sy 4 SN A [12] so0T 21014
Joud s1y ¢
od SN Iojem T ()G UL [LONWEIDIN [100 Apoq Keire pasetq ANORS [+2] 900T smysioH
oF DAL TT Sunsey s1q g 1100 Aexre paseqq A [s2] 8007 mowonn
Joud sy 4
13| SN Tojem TUI ()G UT [ONUEIOTN 1100 Aetre paseqq Lo¢ [92] 010T smypsioH
uonnjos
od 0SO[NJ[AIATPAW %, §*() UTLY/ T OST—00T SN SN A [L2] 010T novepioy]
od SI[es [eourt pue D T §'1 Sunsey s1q g [100 Apog LOT [82] 110T 030[[eD
ATTeoar [DEN % 6°0 T 1-S°0 pue toud
od ur Gy Aje1o uonnjos JONUUBIA T ' SN s[100 Aewre outds pue Apog A [62] €10C MMUos
(DF) sisA[o0193u0
/(D7) AydeiSoiuyg 1SenUOd [eurluN | uoneredard [pmog 1) p3uans prorg Apmg

SONSLIAIORIBYO [N AqBL

pringer

fHs



Eur Radiol (2015) 25:3295-3313

3302

punosenn g1 ‘pay1oads jou gy Oqeorjdde jou py ‘zoyeSowr zzpy

VN SN SN SN ZHIN §'L Teaur] [o€] 9661 Hnyjzog
1orddoq
1omod pue 1o1ddo(q pasing SN SN SN ZHIN L Jouueds 10J03S JIeUAp pue Zyy ¢]—§ Jeaur] [1€] $00Z 24N
(uowopqe amuo) ZHN
1o[ddoq 1omog SN SN SN G—C XOAUOD pUR (WNI[T [EUTULI0N) ZHIN Z]— Jedur] [2€] 6007 Sma1q
adKy+1o1ddog JSBUOD ‘AT JSENUOd [euIun uoneredard [pomog Kouanboxj+od£) 100npsuer], Apmg

SONSLIONORIEYD §) S AqEL

oyoa-uids ogqim

S 90Us 9[3ue-mo] ISej pOSIIom-1 I, [FSF T4~ L ‘C[SIL.[ YUSWIOUBYUD JSEIUOI dAIR[AI 7)Y ‘SO0U09 SUISNO0ja1 ym uonisiboe pider 7y 109413 ousjAypoAjod 5777 ‘parjoads jou §p OpLIO[YO WNIpos
JDOPN ‘SuISew] 20UBUOSAI dNUSBUW [y ‘SNOUABIUI Al “(PIOB 91)20EeIuddouruBLoUS[AYIP- )WNIW|Opes (P LJ-)pD Uolssadald 221y a1e)s-Apea)s (paoueeq) J./SS(q) ‘0Yd2 ploy-1se} paouereq 7.7.79

TAVY

‘ddSSq ‘HSVT4-1L d¢ ‘(senuod-jsod)
¥es ¥8J HSV14-1.L T ‘HSVTd-11 AT

HIVd

‘dASSq ‘(isenuoo-jsod) uorssarddns ey
P HSVT4-11 A€ ® AT ‘HSVTA-1L AT

(ysenuoo-jsod/-o1d) uorssarddns

ey yum L
‘(1senuoo-jsod) HSV14-11 ‘HSVId-1L

A1 uedoosng Sw

A1 uedoosng Sw

SN VdLA-PO Sy/jow 170

S OL VdLd-PO Sy/joww 7°0

[¢2] 00T 1okaypg

[22] s00T 1okaypg

soouanbag

Juade
onAjowsedg

Surum oouonbas
1SENU09-1S0 ISENUOD "A'T

Apmg

(ponunuod)  dqeL,

pringer

Ns



Eur Radiol (2015) 25:3295-3313

3303

articles evaluating PET-CT were found that met our
criteria.

Study characteristics

Methodological characteristics Evaluation of the imaging
tests was performed blinded from the reference test in 13
studies [17, 18, 21, 22, 24-30, 33, 34]. The reference test
was performed blinded to the imaging results in 12 studies
[16, 17, 19, 21, 24, 26-30, 33, 34]. The remaining studies
did not specify whether observers were blinded to other results
[20, 23, 31, 32]. Fifteen of the studies included patients pro-
spectively [16-26, 28, 30, 31, 34]. Signalling questions for the
QUADAS tool were answered with ‘yes’ in 78.9 % of cases
(Fig. 2). Patient selection and index test domains showed less
risk of bias than reference test and patient flow domains. Con-
cern about applicability of patient selection and index and
reference tests was generally low (Fig. 3).

Patient characteristics A total of 549 patients were included
(75 for CT, 347 for MRI, 86 for US, and 58 for scintigraphy).
The mean study size was 29 patients (range, 10-76). Study
characteristics are presented in Table 2. In ten of the studies,
patients were recruited consecutively [17, 19, 20, 22-26, 28,
31]. Studies included patients with clinically suspected IBD,
known IBD/Crohn’s disease, or a combination of both (12, 4,
and 3 studies, respectively).

Imaging characteristics Imaging equipment and specifica-
tions are presented in Tables 3, 4, 5 and 6. Bowel preparation
(fasting and/or laxatives) was used in eight studies (1 CT, 7
MRI) [17, 21-26, 28]. Luminal contrast medium was used in
ten studies (3 CT, 7 MRI) [16-18, 21-23, 25, 27-29], of
which one used enteroclysis [27]. Intravenous contrast medi-
um was used in 13 studies (2 CT, 11 MRI) [16, 17, 19-29].

Reference test Endoscopy, biopsies and intraoperative find-
ings were used in 11, 8 and 4 studies, respectively (Table 7).
Three studies recorded results for both endoscopy and
histology from biopsies, for which we used the histo-
logical data in our analysis [30, 33, 34].

Imaging and reference test interpretation Thirteen of the
studies used an interval of less than one month between
imaging and reference test [17, 19-23, 26, 28, 29,
31-34]. The imaging features most commonly used for
evaluation were bowel wall thickness and post-contrast
enhancement (or tracer uptake for scintigraphy), which
were both used in 17 studies (Table 7). The reference
test and imaging criteria for each study are presented in
Tables 8 and 9.

Scintigraphy characteristics

Table 6

Criteria used for image analysis

Scans

Tracer Amount of tracer

Labelling target

Study

Uptake of tracer compared to

2 scans (at 1 hrs and 4 hrs)

NS

Tc-99 m HMPAO

Antigranulocyte antibodies

Kolkman 1996 [18]

bone marrow and liver

Uptake of tracer compared to

2 scans (at 30 min and 3 hrs)

185 MBq

Tc-99 m HMPAO

Leukocytes

Biancone 1997 [34]

bone marrow and liver

3 scans (at 30 min, 2-2.5 hrs and 24 hrs) Uptake of tracer compared to

370-555 MBq

Tc-99 m HMPAO

Leukocytes

Sciarretta 1998 [33]

bone marrow and liver

MBg megabecquerel, NS not specified, 7c-99 m HMPAO technetium hexamethylpropyleneamine oxime
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Publication bias

Linear regression analysis on MRI per-patient data showed a
regression coefficient of 0.4 (95 % CIL: —0.9 to 0.9), with no
significant relationship between accurate grading and 1/NESS
(P=0.09). Data in other groups were deemed insufficient for
performing linear regression analyses.

Data analysis

Results from our data analysis are presented in Table 10.
Three-by-three contingency tables for each study can be found
in the supplementary materials (Appendix E3).

Per-patient Data was provided on a per-patient basis in 13
studies (evaluating CT in 2, MRI in 9, US in 1 and scintigra-
phy in 1) (Fig. 4). I values for overall grading accuracy for
groups with more than one dataset were as follows: 67.7 %
(95 % CI: 42.6-81.8 %) for CT, and 73.9 % (95 % CI: 56.2—
84.4 %) for MRI.

CT and MRI data were pooled for each modality (I*<
75 %). US and scintigraphy were not pooled, as only one
dataset was available for each modality. CT, MRI, US and
scintigraphy showed accurate grading estimates of 86 %
(95 % CI: 75-93 %), 84 % (95 % CI: 67-93 %), 44 %
(95 % CI: 28-61 %) and 40 % (95 % CI: 16-70 %), respec-
tively. CT and MRI showed similar overall grading accuracy
(P=0.8), both higher than US (P=0.0001 and P=0.001, re-
spectively) and scintigraphy (P=0.003 and P=0.01, respec-
tively). CT and MRI showed similar over-grading (P=0.8)
and under-grading (P=0.5). Both showed less under-grading
than US (P=0.002 and P=0.003, respectively) and scintigra-
phy (P=0.0005 and P=0.001, respectively).

Per-segment Data were provided on a per-segment basis in
seven articles, of which one evaluated both CT and scintigra-
phy, two evaluated MRI, two evaluated US, and two evaluated

scintigraphy, respectively (Fig. 4). I* values were 86.3 %
(95 % CI: 66.4-94.4 %) for MRI, 91.5 % (95 % CI: 79.1-
96.6 %) for US, and 0 % for scintigraphy. MRI and US data
were not pooled, as data were too heterogeneous (I>>75 %).
Data on CT were also not pooled, as only one dataset was
available. The overall grading accuracy was 87 % (95 % CI:
77-93 %) for CT and 86 % (95 % CI: 80-91 %) for scintig-
raphy. CT and scintigraphy showed similar overall grading
accuracy (P=0.8), over-grading (P=0.2) and under-grading
(P=0.5). Accuracy for MRI and US ranged from 67 to 82 %
and 56 to 75 %, respectively.

Discussion

In this study, we have shown that MRI and CT are highly
accurate for grading Crohn’s disease activity. These findings
are important, as cross-sectional imaging plays an increasing
role in the assessment of Crohn’s disease activity, and there
has been ongoing debate regarding the modality that should be
the preferred choice [35-37]. Several studies have compared
two or more modalities in the same patient group [38—41], but
they have had relatively small sample sizes or only evaluated
the terminal ileum.

CT and MRI showed similar accuracy in grading Crohn’s
disease activity (86 % and 84 % on a per-patient basis, respec-
tively), and no significant differences in accuracy were seen
between these two modalities. Data on over- and under-
grading showed similar results for CT and MRI, further
strengthening our conclusion of their comparability. Scintig-
raphy showed high accuracy of 86 % and 86 % for the studies
using per-segment data, while accuracy of 40 % was reported
in per-patient data. However, per-patient data for scintigraphy
was reported in only one study, and with a small sample size
(n=10) [34]. Furthermore, scintigraphy had the least number
of included patients (n=>58) in our meta-analysis. US showed
low accuracy of 44 % in the per-patient data and 75 % and

Table 10 Comparison table with
results for imaging tests from the

Accurate grading

Over-grading Under-grading

3x3 data analysis and

corresponding P values Per-patient (13 datasets)

CT (n=2) vs MRI (n=9)
CT (n=2) vs US (n=1)
CT (n=2) vs SG (n=1)
MRI (n=9) vs US (n=1)
MRI (n=9) vs SG (n=1)
US (n=1) vs SG (n=1)
Per-segment (3 datasets) *
CT (n=1) vs SG (n=2)

0.86 vs 0.84 (P=0.8)
0.86 vs 0.44 (P=0.0001)
0.86 vs 0.40 (P=0.003)
0.84 vs 0.44 (P=0.001)
0.84 vs 0.40 (P=0.01)
0.44 vs 0.40 (P=0.8)

0.87 vs 0.86 (P=0.8)

0.10 vs 0.09 (P=0.8)
0.10 vs 0.25 (P=0.07)
0.10 vs 0.10 (P=1.0)
0.09 vs 0.25 (P=0.03)
0.09 vs 0.10 (P=0.9)
0.25 vs 0.10 (P=0.3)

0.03 vs 0.06 (P=0.5)
0.03 vs 0.31 (P=0.002)
0.03 vs 0.50 (P=0.0005)
0.06 vs 0.31 (P=0.003)
0.06 vs 0.50 (P=0.001)
031 vs 0.50 (P=0.3)

0.00 vs 0.04 (P=02)  0.13 vs 0.10 (P=0.5)

2Data on MRI and US were not pooled and included in the comparison, as the data were too heterogeneous (I> >

75 %)
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Study Index Accurate grading Overgrading
test
Per-patient
Mao (14) CT 78% (61-89%) 19% (9-36%)
Mohamed (13) CT 96% (77-99%) 0% (0-28%)
Schil (26) MRI 99% (91-100%) 0% (0—-10%)
Gallego (25) MRI 77% (65-86%) 16% (9-28%)
Koilakou (24) MRI 92% (74-98%) 8% (2—26%)
Horsthuis (23): ob1 MR 47% (24-T1%) 7% (1-35%)
Horsthuis (23): ob2  MRI 27% (10-53%) 7% (1-35%)
Horsthuis (23): ob3 MRl 67% (41-85%) 13% (3-41%)
Girometti (22) MRI 91% (79-97%) 4% (1-16%)
Horsthuis (21): ob1  MRI 55% (34-75%) 30% (14-53%)
Horsthuis (21): ob2 MRl 75% (52—-89%) 10% (3-32%)
Florie (18): ob1 MRI 61% (43-77%) 26% (13-44%)
Florie (18): ob2 MRI 58% (40-74%) 26% (13-44%)
Shoenut (17) MRI 100% (58-100%) 0% (0-42%)
Shoenut (16) MRI 74% (50—-89%) 21% (8-45%)
Drews (29) us 44% (28-61%) 25% (13-43%)
Biancone (31) SG 40% (16-70%) 10% (1-47%)
Per-segment
Kolkman (15) CT 87% (77-93%) 0% (0—-10%)
Schreyer (19) MRI 82% (76-87%) 2% (1-5%)
Schreyer (20) MRI 67% (56-76%) 0% (0-9%)
Neye (28) us 75% (67-82%) 8% (4-14%)
Bozkurt (27) us 56% (49-63%) 33% (27-40%)
Sciarretta (30) SG 86% (78-92%) 5% (2-11%)
Kolkman (15) SG 86% (75-92%) 3% (1-11%)

Undergrading

Accurate grading Overgrading Undergrading

3% (0-19%)
4% (1-23%)
1% (0-9%)
7% (3-16%)
0% (0-28%)
47% (24-71%)
67% (41-85%)
20% (7-47%)
4% (1-16%)
15% (5-38%)
15% (5-38%)
13% (5-30%)
16% (7—33%)
0% (0-42%)
5% (1-29%)
31% (18-49%)
50% (22-78%)

it ey

13% (7-23%)
16% (11-22%)
33% (24-44%)
17% (11-24%)
10% (7—16%)
9% (5-17%)
1% (6-21%)

NN
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CT = Computed Tomography, MRI = Magnetic Resonance Imaging, US = Ultrasound, SG = Scintigraphy, ob = observer

Fig. 4 Accurate grading, over- and under-grading per study on a per-patient and per-segment basis

56 % for studies in the per-segment data. However, a relatively
small number of patients (n=86) were included. In addition,
no eligible studies evaluated luminal or intravenous contrast
medium for US. The use of intravenous contrast appears to be
a particularly promising technique, and may increase the ac-
curacy of US. However, no robust reference standard or ap-
propriate grading scale were used in these studies. We consid-
ered the possibility of performing subgroup and covariate
analyses on the differences in technique, imaging criteria, ref-
erence methods and methodological criteria, but the results of
these analyses would not be meaningful given the limited
amount of available data. We examined MRI imaging features
in three studies with the highest accuracy values. The follow-
ing MRI features were used by at least two of these studies:
bowel wall thickness, T1 enhancement and pattern, T2 mural
signal intensity, mucosal abnormalities, presence of inflamma-
tory mass, stenosis (with pre-stenotic dilatation), lymph
nodes, abscesses, and fistulas [25, 27, 29].

The observed heterogeneity of the grading criteria for the
index and reference tests in the studies that we included, our
adjustment to construct 3x3 tables, and the differences in
available data between imaging modalities were the major
limitations of this meta-analysis. Although the grading criteria
for index and reference tests differed by study, and different
imaging features were used, the studies included showed con-
siderable overlap in the use of imaging features and grading
criteria. No generally accepted scoring systems exist for

imaging of Crohn’s disease. To construct 3 x3 tables from
original 4x4 data, we merged moderate and severe disease
into one group. Our decision to merge these grades was based
on five articles [22, 23, 25, 28, 30] that had originally used 3 x
3 tables; two of these studies explicitly stated that their highest
grade represented moderate and severe disease combined [25,
28]. The remaining three studies [22, 23, 30] used similar
grading criteria. Another limitation was the heterogeneity of
grading results, which we examined using I statistics. Fol-
lowing those results, some of the datasets could not be pooled.
In our conclusions, we took into account the greater availabil-
ity of data for MRI compared to CT, US and scintigraphy.
Furthermore, US and scintigraphy studies showed varying
results, hampering our ability to arrive at a firm conclusion.
There was only one head-to-head comparison study, which
compared CT and scintigraphy in 17 patients [18].

We selected three reference standards for this meta-analysis
[35]. Intraoperative findings served as the gold standard for
assessing Crohn’s disease. We also included endoscopy and
endoscopic biopsies as reference standards, although they are
not ideal, as they are incapable of assessing proximal ileum,
jejunum and extraluminal disease, which could have led to
incorrect estimation of disease activity. On the other hand,
surgery is performed only in select patients, whereas endos-
copy is applied across a wider spectrum. For our analysis, we
gave precedence to results from biopsies over endoscopic re-
sults, but we recognize that this was a controversial choice, as
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there is no widespread consensus on which is the better
reference standard. The number of studies included
could have been increased if VCE and/or double-
balloon enteroscopy (DBE) were also used as a refer-
ence standard. We chose not to include these studies
because interpretation of VCE and DBE has not yet
been standardized, and so this would further increase
heterogeneity in our study. A growing number of stud-
ies are using correlative statistics to examine quantita-
tive scoring systems [42]. Because we used an ordinal
outcome measure, we could not include these studies.
Nevertheless, a meta-analysis focused on this type of
data would be very useful. Finally, only patients with
suspected IBD or known Crohn’s disease were included,
possibly introducing observer bias, leading to over-
grading of disease activity.

Assessment of study quality using the QUADAS tool
showed overall moderate quality of the studies included in this
meta-analysis. The domains of reference test and patient flow
showed the highest risk of bias, while patient selection and
index test domains showed the lowest. Concern about the
applicability of patient selection and index and reference tests
was generally low.

Recently, Vermeire et al. stated that MR enterography
had become the reference standard for assessing small
and large bowel disease activity [43]. Based on our
results, we can agree with this statement. Considering
the radiation exposure from CT, it is not appropriate for
repeated examinations, even with present-day reduced
ionizing radiation exposure per examination, although
it still has an important role in the acute setting [44].
Compared to endoscopy, MRI is non-invasive and able
to investigate trans- and extramural disease, making it
possible to evaluate both the small bowel and colon in
one examination. Steps are being taken to come to a
more uniform evaluation of MRI in Crohn’s disease,
which may improve accuracy [42, 45]. Furthermore,
the versatility of MRI may be advantageous with new
sequences being studied.

In conclusion, CT and MRI can both be used to grade
disease activity in Crohn’s disease, while no conclusions can
be made on US and scintigraphy due to the limited and incon-
sistent data.
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