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Abstract: The aim of the study was to investigate diagnosis efficacy of

dynamic contrast-enhanced MRI (DCE-MRI) and diffusion-weighted

MRI (DW-MRI) in Crohn’s disease (CD). To find out the correlations

between functional MRI parameters including Ktrans, Kep, Ve, Vp, and

apparent diffusion coefficient (ADC) with a serologic biomarker. The

relationships between pharmacokinetic parameters and ADC were also

studied.

Thirty-two patients with CD (22 men, 10 women; mean age: 30.5

years) and 18 healthy volunteers without any inflammatory disease (10

men, 8 women; mean age, 34.11 years) were enrolled into this approved

prospective study. Pearson analysis was used to evaluate the correlation

between Ktrans, Kep, Ve, Vp, and C-reactive protein (CRP), ADC, and

CRP respectively. The diagnostic efficacy of the functional MRI

parameters in terms of sensitivity and specificity were analyzed by

receiver operating characteristic (ROC) curve analyses. Optimal cut-off

values of each functional MRI parameters for differentiation of inflam-

matory from normal bowel were determined according to the Youden

criterion.

Mean value of Ktrans in the CD group was significantly higher than

that of normal control group. Similar results were observed for Kep and

Ve. On the contrary, the ADC value was lower in the CD group than that

in the control group. Ktrans and Ve were shown to be correlated with CRP

(r¼ 0.725, P< 0.001; r¼ 0.533, P¼ 0.002), meanwhile ADC showed

negative correlation with CRP (r¼�0.630, P< 0.001). There were

negative correlations between the pharmacokinetic parameters and

ADC, such as Ktrans to ADC (r¼�0.856, P< 0.001), and Ve to

ADC (r¼�0.451, P¼ 0.01). The area under the curve (AUC) was
uan, MD, Peng C iu, MD,
Dehang Wang, MD

off between sensitivity (93.8%) and specificity (100%). The best cut-off

point of ADC was 1.11� 10–3 mm2/s. At this level, sensitivity was

100% and specificity was 68.8%.

DCE-MRI and DW-MRI were helpful in the diagnosis of CD.

Quantitative MRI parameters could be used to assess the severity of

inflammation. The relationships between pharmacokinetic parameters

(Ktrans and Ve) and ADC reflected microstructure and microcirculation

of CD to some extent.

(Medicine 95(14):e3239)

Abbreviations: AIF = artery input function, CD = Crohn’s disease,

CRP = C-reactive protein, DCE-MRI = dynamic contrast-enhanced

MRI, DW-MRI = diffusion-weighted MRI, EES = extravascular

extracellular space, Kep = flux rate constant, Ktrans = volume

transfer coefficient reflecting vascular permeability, MRI =

magnetic resonance imaging, ROC = receiver operating

characteristic, ROI = region of interest, SDs = standard

deviations, Ve = extracellular volume ratio reflecting vascular

permeability, Vp = plasma volume fractions.

INTRODUCTION

C rohn’s disease (CD) is a chronic, relapsing inflammatory
disorder with unknown causes and usually occurred in

early adulthood. It is characterized by multiple discontinuous
areas of bowel inflammation distributing throughout the gastro-
intestinal tract, most commonly situated at ileocecal, and often
complicated by strictures, abscesses, and fistula formations.1–4

Inflammatory and bacterial triggers stimulate C-reactive
protein (CRP) production by mesenteric adipocytes in CD.5

CRP is a serologic acute-phase marker, and objective measures
of inflammation in CD.6,7 Compared with clinical disease
activity index, CRP is considered to be more useful in terms
of evaluating the severity of inflammatory activity8 and is used
to assess the clinical treatment by observing the changes of CRP
level in numerous studies.9–11

Medical imaging plays a key role in measuring CD activi-
ties and identifying the complications. Magnetic resonance
imaging (MRI) is regarded as the optimal imaging modality
for assessment of CD. Compared with morphological imaging,
functional imaging techniques such as dynamic contrast-
enhanced MRI (DCE-MRI) and diffusion-weighted MRI
(DW-MRI) offer more physiological information and have
advantages in extraction of lesion mechanisms.

DW-MRI describes the local microstructural character-

n which could be quantified using the
diffusion coefficient (ADC). It enables
copic change in the tissue structure and
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physiology of cellularity, cell membrane integrity, and lipophi-
licity. This method imaging tool has been applied in the
assessment of bowel inflammation in CD in many studies.12–14

DCE-MRI involves the serial acquisition of T1-weighted
images before, during, and after the injection of a paramagnetic
contrast agent.15,16 The majorities of MRI contrast agents
distribute into the vascular space and extravascular extracellular
space (EES) and are excluded from the intracellular space.
Quantitative T1-weighted images are used to estimate the
contrast agent concentration in the vascular and EES compart-
ments over time. The enhancement curve generated by DCE-
MRI can be analyzed to assess pharmacokinetic parameters
related to vascularity and volume fractions, such as Ktrans

(volume transfer coefficient reflecting vascular permeability),
Kep (flux rate constant), Vp (plasma volume fractions), and Ve

(extracellular volume ratio reflecting vascular permeability).17

Currently, DCE-MRI has been used for evaluating the treatment
efficacy for cancers such as glioblastoma,18 nasopharyngeal
carcinomas,19 breast cancer,20,21 pancreatic cancer,22 bladder
cancer,23 prostate cancer,24 and cervical cancer.25 Meanwhile,
some studies have investigated the relation between inflam-
mation and angiogenesis using DCE-MRI.26,27

These 2 functional MRI techniques are routinely used in
many radiological departments. Combination of DW-MRI and
DCE-MRI in diagnosis and assessment therapy response for
solid tumor has become hotspot.24,28–31 To our knowledge,
there is no relevant literature about the studies using combi-
nation of these 2 methods in CD currently. Thus, in this paper,
we present a preliminary study of CD by DW-MRI and DCE-
MRI together with standard clinical parameters.

MATERIAL AND METHODS
This prospective research was conducted from October 1,

2014, to April 30, 2015. Thirty-two patients with CD (22 men
and 10 women; ages range 18 to 76 years, mean�SD
¼ 30.50� 11.64 years) were enrolled into the study. For com-
parison, 18 volunteers without inflammatory bowel disease and
intestinal tumors (10 men and 8 women; ages range 19 to 53 years,
mean�SD¼ 34.11� 11.29 years) constituted control group
(Table 1). Inclusion criteria of CD group: (1) accepted capsule
enteroscopy and colonoscopy within the past 72 hours; (2) CD
diagnosis confirmed by endoscopy and pathology; (3) only 1
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lesion, and located at the ileocecal; (4) ability to undergo MRI
without conscious sedation. This study was approved by the
institutional review board, with informed patient consent.

TABLE 1. Comparisons of MRI Parameters Between CD and Con

CD Group (n¼ 32) M�SD

Gender (M/F) 22/10
Age (y) 30.50� 11.64
Ktrans (min–1) 1.726� 0.723
Kep (min–1) 2.633� 1.063
Ve 0.781� 0.382
Vp 0.041� 0.100
ADC (� 10–3mm2/s) 1.275� 0.216

All continuous data were normally distributed. Means and SDs were pro
ADC¼ apparent diffusion coefficient, CD¼Crohn’s disease, SD¼ stand�

The P value was obtained by chi-square test.
yThe P value was obtained by independent samples t test.
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Trial Design
Serum samples were collected for analysis of CRP and

assessment the inflammatory activity of CD patients before
MRI scanning. No special preparation other than no intake of
solid foods was required 6 hours before MRI examination. All
subjects were required to drink 300 mL of mannitol (2.5%)
every 10 minutes until a total of 1.5 L has been consumed within
60 minutes. Before the scan beginning, all individuals were
given intravenous administration of 20 mg of scopolamine-N-
butyl bromide (Busco-pan; Boehringer Ingelheim, Ingelheim,
Germany) immediately to reduce bowel peristalsis motion
artifacts.

All subjects in CD and control groups underwent MRI
examination including conventional sequences, DW-MRI, and
DCE-MRI.

MRI Study Protocol
MRI scan was performed using a 3.0 T clinical scanner

(Signa HDxt, GE Healthcare) equipped with abdominal-pelvic
coil (8 radiofrequency channels). Subjects were scanned in the
supine position. Conventional sequences and scan parameters
were: (1) coronal T2 (single shot fast spin-echo, SSFSE)
through the abdomen and pelvis with breath-holding
(Tck¼ 5 mm, spacing¼ 1 mm; TR¼ 2800 ms, TE¼ 70 ms);
(2) axial T2 fast spin-echo fat-suppressed images covering
the abdomen and pelvis, free-breathing with navigator
triggering (Tck¼ 4 mm, spacing¼ 2 mm; TR¼ 12,000 ms,
TE¼ 90 ms); (3) axial T1 LAVA-Flex Mask through the
abdomen and pelvis with breath-holding (Tck¼ 4 mm, spa-
cing¼ 0 mm; TR¼ 4500 ms, TE¼ 1.7 ms).

DW-MRI was performed with the following parameters:
axial images; Tck¼ 4 mm, spacing¼ 0 mm; TR¼ 6600 ms,
TE¼min; matrix¼ 128� 128–224; FOV¼ 40 cm; flip
angle¼ 908; b value¼ 0 and 600 s/mm2; diffusion of direction,
3 in 1; number of signals acquired¼ 6; scan layers¼ 16.

DCE-MRI protocol included 2 steps; (1) 5 different
flip angles (48, 68, 88, 108, and 128) T1-weighted 3D-LAVA
sequences to determine the T1 relaxation time in the blood and
tissue for T1 mapping. (2) Dynamic Contrast Enhanced MRI
using 3D T1-weighted LAVA sequence with a flip angle of 128.
After 3 precontrast acquisitions, Gadodiamide (OmniScan, GE
Healthcare, Ireland) was intravenously injected (0.2 mmol/kg)
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with a rate of 3.0 mL/s. Then, 15 mL of saline was flushed with
the same rate. Scan parameters were following: axial images;
TR¼ 2.9 ms, TE¼ 1.1 ms; matrix¼ 224� 160; FOV¼ 42 cm;

trol Group

Control Group (n¼ 18) M�SD P Value

10/8 0.38
�

34.11� 11.29 0.42y

0.726� 0.141 <0.001y

1.835� 0.493 0.02y

0.411� 0.169 <0.001y

0.032� 0.026 0.19y

1.609� 0.124 <0.001y

vided for continuous variable.
ard deviation.
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scan layers¼ 52. The temporal resolution was 7 s and the total
scan time was 3 min 30 s including 30 phases.

To facilitate the future comparisons between DW-MRI and
DCE-MRI, the ileocecal was chosen as scanning reference slice.

Interpretation of MRI Measurements
Pharmacokinetic parameters were calculated using a non-

commercial software (Omni-Kinetics, GE Healthcare). First,
the individual artery input function (AIF) was obtained from a
region of interest (ROI) drawn on the abdominal aorta located in
close proximity to the ileocecal (Figure 1A and D). Second, the
extended Tofts liner model was chosen for fitting of the tissue
response curves.32,33 The pharmacokinetic parameters such as
Ktrans, Kep, Ve, and Vp were generated as color maps (Figure 2).
ROI (30–50 mm2) for these pharmacokinetic parameters
(Ktrans, Kep, Ve, and Vp) was placed on the maximal enhancing
region of ileocecal (Figure 1B).

The individual ADC was evaluated on a workstation
with commercially available diffusion analysis software
(Advantage Windows version 4.6, GE Healthcare). The location
and size of ROI were consistent with DCE-MRI measurements
(Figure 1C).

All parameters in both DCE-MRI and DW-MRI were
independently evaluated by 2 radiologists (with a combined
10 years of body MRI experience), who were blinded to the
clinical and endoscopic examination. To further assess the
reproducibility and the repeatability of the measurements,
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Bland–Altman plots were generated. In this graphic method,
the differences between the 2 radiologists are plotted against the
averages of the 2 radiologists. The mean of the 2 values

FIGURE 1. MRI measurements. Individual artery input function was o
located in close proximity to the ileocecal (A, D). To calculate the Ktrans,
ileocecal where the maximal enhancing region (B). For the same
calculated. The location and size of region of interest in ADC measurem
coefficient; DCE-MRI¼dynamic contrast-enhanced MRI; MRI¼magn

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
(measured by different radiologists) was accepted as the
final result.

Statistical Analysis
Firstly, the independent samples t test in age and the chi-

square test in gender were used to analyze significance between
CD and control group. Second, all data in both DCE-MRI and
DW-MRI were test with the Kolmogorov–Smirnov test for
normally distributed before analysis. Normally distributed data
were expressed as mean and standard deviations (SDs), whereas
non-normally distributed data were expressed as median and
interquartile ranges (IQRs). Third, for normally distributed data,
independent sample t tests were used for multiple MRI
parameters comparison between groups (Levene’s test for
homogeneity was conducted first to test the assumption of
equal variance). Pearson analysis was used to evaluate the
correlation between each of MRI parameters and CRP in CD
patients. For data not normally distributed, nonparametric tests
were used such as the Mann–Whitney test for between-group
comparisons and Spearman analysis for correlation.

Statistical significance was set at P< 0.05. All the com-
putations were performed using SPSS (version 18.0; IBM SPSS
Inc., Chicago, IL).

The diagnostic efficacy of the MRI parameters in terms of
sensitivity and specificity predictive value was analyzed by
receiver operating characteristic (ROC) curve analyses.
Optimal cut-off values of each MRI parameters for identifi-

Functional MRI and Crohn’s Disease
cation of inflammatory and normal bowel were determined
according to the Youden criterion, which marks the point on an
ROC curve where ‘‘sensitivity þ specificity–1’’ is maximal.

btained from a region of interest drawn on the abdominal aorta
a region of interest (with an area of 30–50 mm2) was placed on the
region of interest, the other pharmacokinetic parameters were

ents was consistent with DCE-MRI (C). ADC¼ apparent diffusion
etic resonance imaging.
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FIGURE 2. Maps of several parameters. Thickened bowel wall in ileocecal and enlarged lymph nodes were demonstrated on T2WI with

ep

diff
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RESULTS
The interobserver agreement in MRI parameters measure-

ments is shown in Figure 3. The Bland–Altman plot suggested
that interobserver reliability was very good. There was no
significant difference (t test: P¼ 0.42) in age between CD
and control group, and distribution of sex was similar in both

fat-suppressed (A). Maps of several parameters including Ktrans (B), K
intra- and extravascular volumes were obtained. ADC¼ apparent
groups (Fisher’s exact test: P¼ 0.38). Age and sex did not mark
as confounder and covariable in all comparisons between the 2
groups. All parameters in both DCE-MRI and DW-MRI were

FIGURE 3. Bland–Altman plots of 2 radiologists’ measurements. Blan
Ktrans, Kep, Ve, Vp, and ADC. Top dotted line shows upper limit of agreem
line shows lower limit of agreement (mean difference minus 1.96 time
radiologists in measurements. ADC¼ apparent diffusion coefficient; M

4 | www.md-journal.com
(C), Ve (D), Vp (E), and ADC (F) related to vascular permeability and
usion coefficient.
normally distributed, so means and SDs were provided for
continuous variable.

Comparisons of MRI Pharmacokinetic
Parameters and ADC between CD and Control

Group

As shown in Table 1 and Figure 4, the mean value of Ktrans in
the CD group was significantly higher than that of control group

d–Altman 95% limits of agreement in MRI parameters including
ent (mean difference plus 1.96 times standard deviation); bottom

s standard deviation). Plots show possible relationship between 2
RI¼magnetic resonance imaging.
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(1.726� 0.723 min–1 vs 0.726� 0.141 min–1, P< 0.001).
Similarly, the mean value of Kep was significantly greater in
the CD ileocecal than control ileocecal (2.633� 1.063 min–1 vs
1.835� 0.493 min–1, P¼ 0.02). Ve in CD was also significantly
greater compared with control (0.781� 0.382 vs 0.411� 0.169,
P< 0.001). ADC in the CD group was lower than that of
control group (1.275� 0.216� 10–3 mm2/s vs 1.609� 0.124�
10–3 mm2/s, P< 0.001). Vp had no statistically difference
between the 2 groups (0.041� 0.100 vs 0.032� 0.026, P¼ 0.19).

Correlation Between MRI Parameters and
Clinical Indicators

The relationships among DCE-MRI parameters, ADC, and
CRP were displayed in Figure 5. Ktrans and Ve were correlated
with CRP (pearson correlation coefficient: r¼ 0.725,
P< 0.001; r¼ 0.533, P¼ 0.002). No correlation was found
between Kep and CRP (P¼ 0.27), Vp and CRP (P¼ 0.15).
ADC showed significantly negative correlation with CRP
(r¼�0.630, P< 0.001). There were negative correlations
between the MRI parameters and ADC, such as Ktrans to
ADC (r¼�0.856, P< 0.001), and Ve to ADC (r¼�0.451,
P¼ 0.01) (Figure 6).

The Diagnostic Efficacy of Different MRI
Parameters for CD

The diagnostic efficacy was analyzed using ROC
(Figure 7). The area under the curve (AUC) was 0.994 for
Ktrans (P< 0.001), 0.905 for ADC (P< 0.001), 0.806 for Ve

(P< 0.001), and 0.764 for Kep (P¼ 0.002), indicating that Ktrans

and ADC were superior to Ve or Kep for CD prediction. ROC
analysis also revealed that Vp had little diagnostic value
(P¼ 0.06). The cut-off point of Ktrans at which there is optimal

FIGURE 4. Box plots of DCE-MRI and DW-MRI parameters for th
contrast-enhanced MRI; DW-MRIdiffusion-weighted MRI.
discrimination between CD and the normal ileocecal was 0.931
min–1 corresponding to a best trade-off between sensitivity
(93.8%) and specificity (100%). The cut-off point of ADC was

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
1.11� 10–3 mm2/s corresponding to a sensitivity of 100% and
specificity of 68.8%.

DISCUSSION

Correlation of Ktrans and Ve With CRP in CD
Previous studies have shown that Ktrans has been validated

as an inflammation biomarker through clinical association with
inflammatory pathology on biopsy.34 Histological inflam-
mation of cellular infiltration strongly associates with pharma-
cokinetic parameters.35 Several studies have suggested that
DCE-MRI is a sensitive biomarker of inflammation, demon-
strating good correlation with laboratory markers of active
disease and treatment response.36,37

It is now well established that, in chronic inflammatory
diseases, tissue remodeling is associated with angiogenesis and
microvascular remodeling. In the experimental CD study,
angiogenesis increase relates to an aggravated disease.38 Incom-
plete inflammatory neovascularization results in the increment
of microvascular permeability, which is a surrogate marker of
the inflammation activity level. The volume transfer constant of
contrast agent from a plasma space to an EES, as defined Ktrans,
has been used to characterize this microvascular permeability
quantitatively. Another biological significant parameter: frac-
tional EES volume (Ve) has been applied to calculate the
fraction of inflammatory volume occupied by the EES. In this
study, Ktrans and Ve in the CD group were significantly higher
than that of control group, and good correlation was shown
between Ktrans, Ve, and CRP. These findings reflected the status
of tissue microcirculation and may add valuable information
about disease severity. Sinha et al39 reported that the degree of
vascularity was closely related to the intensity of the inflam-
matory reaction in surgical specimens of CD. They concluded

D and control group. CD¼Crohn’s disease; DCE-MRI¼dynamic
that contrast agent rapidly passed from the vascular into the
EES, resulting in mural enhancement. So we hypothesized that
the increase in values of Ktrans and Ve in the CD group was

www.md-journal.com | 5
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caused by increased vascular permeability of inflammatory
tissue. It was supposed that in CD patients, the more severity
of inflammation and the more angiogenesis with higher per-
meability, which leaded to more penetration of contrast
agent molecules.

Correlation of ADC With CRP in CD
DW-MRI can provide reliable quantitative measurement

of lesion bowel and has been used in the assessment of bowel
inflammation in CD. Oto et al40 reviewed DW images of 11

FIGURE 5. The relationship between DCE-MRI parameters, ADC an
CRP (r¼0.725, P<0.001; r¼0.533, P¼0.002). Scatterplots dep
P<0.001) (C). ADC¼ apparent diffusion coefficient; CRP¼C-rea
CD patients and measured ADC values in a pilot study. They
concluded that inflammatory bowel segments showed higher
signal and decreased ADC values compared to normal

FIGURE 6. The relationship between DCE-MRI parameters and ADC. S
MRI parameters and ADC, such as Ktrans to ADC (r¼�0.856, P<0.00
diffusion coefficient; DCE-MRI¼dynamic contrast-enhanced MRI.

6 | www.md-journal.com
segments. Kiryu et al12 found lower ADC values in the
disease-active area than that in disease-inactive area in CD
patients. Neubauer et al14 indicated a significant correlation
between wall thickness and ADC in inflammatory segments.
In our study, the ADC in CD group was lower than
control group and demonstrated significant negative corre-
lation with CRP. Statistical results confirmed that the ADC
value may facilitate the quantitative analysis of disease
activity in CD.

It is unclear why intestinal inflammatory lesions have

RP. K (A) and Ve (B) were shown to be positive correlated with
ed the negative correlations between ADC and CRP (r¼ -0.630,
e protein; DCE-MRI¼dynamic contrast-enhanced MRI.
restricted diffusion that is translated into the hyperintense
signal on DW-MRI and decreased ADC values relative to
normal segments. A potential pathogenetic mechanism is a

catterplots depicting the various negative correlations between the
1) (A), and Ve to ADC (r¼�0.451, P¼0.01) (B). ADC¼ apparent

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 7. The diagnostic efficacy of different MRI parameters for
CD. The area under the curve was 0.994 for Ktrans, 0.905 for ADC,
0.806 for Ve, and 0.764 for Kep, indicating that Ktrans and ADC
were superior to Ve or Kep for CD prediction. ROC analysis also
revealed Vp to be little diagnostic value (0.340). ADC¼ apparent

Medicine � Volume 95, Number 14, April 2016
reduction in extracellular space secondary to cell swelling or
increased cell density. A number of factors can lead to this
reduction, such as an increase in cellularity, migration of
lymphocytes into the inflammatory wall segments, presence
of oedema, micro-abscesses, or increased perfusion. In

diffusion coefficient; CD¼Crohn’s disease; ROC¼ receiver oper-
ating characteristic.
inflammatory segments, the lamina propria and submucosa
are infiltrated by inflammatory cells. Aphtoid ulcers, charac-
teristic lesions of CD, are also strongly associated with

FIGURE 8. The changes of microstructure and microcirculation in CD
molecules (B) penetrated into the extracellular space through angiogen
molecules with inflammatory cells (C). CD¼Crohn’s disease.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
lymphoid aggregates. These lymphoid aggregates have
restricted diffusion within themselves because of the
increased cell density, as well as further limiting the diffusion
by narrowing the limited space in the bowel wall. In addition
to the increased number of inflammatory cells, dilated lym-
phatic channels, hypertrophied neuronal tissue, and the devel-
opment of granulomas in the bowel wall can further narrow
the extracellular space and therefore contribute to the
restricted diffusion of water molecules. Accompanying intra-
cellular changes within both the epithelial and inflammatory
cells may also have an effect on the changes in diffusion.

Correlative Study Between DCE-MRI and
DW-MRI

DCE-MRI sensitive to the presence of contrast medium in
the EES can provide information on microvessel permeability
(Ktrans) and extracellular leakage space (Ve). DW-MRI provides
information about the random (Brownian) motion of water
molecules. The movement of water molecules in the extracellu-
lar space is modified by interactions with cell membranes and
macromolecules.41 In CD, inflammation and angiogenesis are
intertwined. Inflammatory cells produce diverse angiogenic
factors that stimulate microvessel growth. Angiogenesis with
increased permeability promotes influx of more inflammatory
cells. Diapedesis can further restrict diffusion by narrowing
EES. There were negative statistical correlations between the
MRI pharmacokinetic parameters and ADC, such as Ktrans and
Ve to ADC in this present research. This result displayed that
vascular contents including blood cells and contrast agent
molecules penetrated into the extracellular space through angio-
genesis with high permeability, further reduced EES with
inflammatory cells, and limited the movement of water mol-

Functional MRI and Crohn’s Disease
ecules. High value of Ktrans and Ve matched with low ADC
explained the changes of microstructure and microcirculation in
CD (Figure 8).

. Vascular contents including blood cells (A) and contrast agent
esis with high permeability, further limited the movement of water

www.md-journal.com | 7



Comparison of Diagnostic Efficacy Between the
DCE-MRI and DW-MRI

The present study found that the diagnostic sensitivity was
93.8% when Ktrans was 0.931 min–1, and the specificity was
100%, both of which were similar with the values for ADC (cut-
off¼ 1.11; sensitivity of 100% and specificity of 68.8%).
However, the AUC was 0.994 for Ktrans slightly higher than
the AUC for ADC (0.905). Therefore, both Ktrans and ADC can
provide the quantitative indicator for clinical research, but Ktrans

was more meaningful in defining activity of CD.
In conclusion, this study compared parameters of DCE-MRI

and DW-MRI in CD patients and found that vascular (Ktrans and
Ve) and cellular (ADC) functional parameters were meaningful in
the assessment of inflammatory activity. According to the nega-
tive correlations between the MRI pharmacokinetic parameters
and ADC, we proposed a hypothesis about the changes of
microstructure and microcirculation in CD. DCE-MRI and
DW-MRI can provide quantitative parameters that can be useful
in assessing disease activity, severity, and response to treatment.
In the future, such advanced techniques may play an important
role in management decisions for CD patients. However, this
study included a relatively small number of patients; a larger
sample should be investigated in future studies. The optimal
imaging parameters of DCE-MR were collected and analyzed to
obtain optimal vascular functional parameters in CD.
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