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Abstract: Objective: To explore the diagnostic value and the difference between the maximum contrast enhance-
ment rate (MCER) and apparent diffusion coefficient (ADC) in the clinical diagnosis of patients with demyelinating
pseudotumor (DPT) by magnetic resonance imaging (MRI). Methods: Study subjects: Patients with primary central
nervous system lymphoma (PCNSL), atypical glioblastoma (GBM), and DPT were selected for retrospective case-
control analysis. Based on different types of disease, they were divided into PCNSL group (n = 27), GBM group (n =
19) and DPT group (n = 13). Dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) was performed
in all patients. The characteristics of DCE-MRI images of the three groups were observed and summarized, and the
differences between MCER and ADC in patients of the three groups were compared. The clinical value of MCER and
ADC in the diagnosis of DPT was analyzed by receiver operating characteristic (ROC) curve. Results: The lesions of
PCNSL patients were mainly nodular and lumpy, while those of GBM patients were mostly nodular and cystic, and
like PCNSL patents, the lesions of DPT patients were primarily nodular and lumpy. There were significant differ-
ences in terms of enhancement characteristics among the three groups (P<0.001). There were clenched fist and
concave umbilical signs in PCNSL, light garland-like enhancement in GBM, and ring-like enhancement in DPT. As to
ADC and MCER values, the comparison of ADC value among the three groups was as follows: PCNSL group < GBM
group < DPT group, while the comparison of MCER value was DPT < GBM < PCNSL. The ADC value and MCER value
of PCNSL group and GBM group were statistically different from those of DPT group (P<0.001), while no significant
difference was found between the former two groups (P>0.05). On the basis of ROC curve analysis, the AUC of the
MCER value (0.982) was higher than that of ADC value (0.890). According to Youden index, the optimal threshold
of ADC value for DPT diagnose was 1.07x10° mm?/s, and that of MCER value for DPT diagnose was 71.81%. With
the optimal threshold as the diagnostic threshold, the sensitivity of ADC value and MCER value was both 100%,
but the specificity of MCER value (95.70%) was higher than that of ADC value (71.70%). Conclusion: DCE-MRI is of
high value in the clinical diagnosis of DPT, and can be better distinguished from PCNSL and GBM through imaging
characteristics, MCER and ADC values. While compared with ADC value, MCER value shows greater superiority in
the clinical diagnosis of DPT, which is mainly reflected in the AUC of ROC curve analysis, and is worthy of reference
in clinical diagnosis.
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Introduction ment, dyskinesia, and other pathological chan-
ges such as nerve fiber demyelination and

Demyelinating pseudotumor (DPT) is a rare inflammatory cell infiltration around small blood

inflammatory lesion of the central nervous sys-
tem [1, 2], which was first reported by Velden in
1979 while studying multiple sclerosis (MS) [3].
Similar to other central space-occupying le-
sions, DPT patients can develop fever, dizzine-
ss, vomiting, visual impairment, speech impair-

vessels [4, 5]. Even today, it is still controversial
whether DPT is a clinically independent disease
type. Most current studies have classified it as
an independent intermediate type between
acute disseminated encephalomyelitis and MS
[6]. Although DPT has a good clinical prognosis,
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patients with delayed diagnosis can further
develop into MS and lymphoma [7]. Therefore,
early and effective diagnosis is of great signifi-
cance to patients.

However, the dilemma we are confronting is
that, due to the lack of specificity of clinical
symptoms and signs of DPT, plus the early diag-
nosis and hormone therapy of patients can
achieve a good clinical prognosis, pathological
diagnosis as an invasive diagnosis is not highly
accepted by patients [8]. Therefore, exploring
non-invasive clinical diagnostic methods is of
great significance for DPT patients. MRI is now
one of the most important methods for diag-
nosing intracranial soft tissue diseases. By
acquiring ADC value after enhanced scanning,
a variety of benign and malignant tumors can
be diagnosed. In recent years, the research on
the application value of DCE-MRI sequences in
the clinical diagnosis of intracranial soft tissue
has been constantly proposed, but there is
still controversy about the difference in the clin-
ical diagnosis of benign and malignant intra-
cranial tumors between DWI sequences and
DCE sequences [9, 10]. Moreover, as the most
important observation indicator of DCE-MRI
sequence, the diagnostic value of MCER value
in DPT still lacks controlled studies.

Therefore here, we creatively designed a con-
trolled study to compare the value of DWI and
DCE-MRI sequence scanning in the diagnosis
of DPT, and quantified the examination. In addi-
tion, we applied ROC curve analysis to verify the
difference between ADC value and MCER value
in the diagnosis of DPT.

Materials and methods
General information

Patients with PCNSL, GBM and DPT admitted
to Taizhou People’s Hospital Affiliated to Nan-
tong University from January 2017 to July 2019
were selected as the research subjects. Inclu-
sion criteria: (1) The diagnosis of PCNSL, GBM
and DPT patients was confirmed by two seni-
or clinical pathologists [4, 5]; (2) All patients
underwent MRI and enhanced scanning before
receiving surgical treatment; (3) Patients with
complete clinical and imaging data. Exclusion
criteria: (1) Patients who received hormone
therapy before MRI; (2) Patients who received
surgical treatment before MRI; (3) Patients with
mental retardation or mental illness that could
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not cooperate with the examination or treat-
ment; (4) Patients who were allergic to contrast
agents and could not perform enhanced scan-
ning. According to the inclusion and exclusion
criteria, 27 cases of PCNSL, 19 cases of GBM
and 13 cases of DPT were included.

This study was approved by the Medical Eth-
ics Committee of Taizhou People’s Hospital
Affiliated to Nantong University, and written
informed consent was obtained from all pa-
tients and their families.

Methods

Conventional MRI, enhanced scanning and
image analysis

MRI examination: Signa 1.5T dual-gradient su-
perconducting magnetic resonance scanner
(GE, USA) was applied. TAWI: TR 4-5 ms, TE 2-3
ms, flip angle 12°, field of view (FOV) 320 mm x
320 mm, layer thickness 1-2 mm, layer space
0-0.5 mm, matrix 336 x 336; T2WI: TR 3000-
3500 ms, TE 120-130 ms, echo chain length of
precision frequency inversion recovery sequen-
ce: 11-27, flip angle 90°, matrix 256 x 256,
FOV 260 mm x 320 mm, layer thickness 3-4
mm, layer space 0-0.5 mm, matrix 512 x 512.
Chopper method or hybrid method was adopt-
ed for chemical shift fat suppression technolo-
gy, and it was excited twice. DWI: fast spin echo
(FSE) sequence plain scan, b = 50, 800 s/mm?,
TR 2000-3000 ms, TE 100-120 ms, FOV 320
mm x 320 mm, layer thickness 4-5 mm, inter-
val 0.5-1.0 mm, FOV 320 mm x 320 mm, exci-
tation times 2-4.

ADC value calculation [11]: The DWI images
were transmitted to a computer-aided diagno-
sis platform Firevoxel (FireVoxel; Center for
Advanced Imaging Innovation and Research
(CAI2R), New York University School of Medici-
ne, New York, USA). ADC images of the region
of interest (ROIl) were measured by two staff
members to calculate the ADC value. Three
fields were measured and the mean value was
taken as the final ADC value. One of the two
staff members was responsible for calculation,
and the other was in charge of review, and
the work was carried out in a cross-cutting
manner.

DCE-MRI scan and image analysis

DCE-MRI: After plain scanning, the contrast
agent GD DTPA (BioPAL, Inc., USA) was injected
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intravenously through the forearm vein at 0.2
mg/kg body weight, followed by rapid injection
of 20 mL of normal saline. Before and the
moment after injection, 64, 128, 191, 255,
318 s fast gradient echo sequence scanning
was performed. TR 4-5 ms, TE 2-3 ms, flip angle
12°, FOV 320 mm x 320 mm, layer thickness
1-2 mm, layer space 0-0.5 mm, matrix 336 x
336, total scanning time: 7 min and 7 s.

MCER value calculation [12]: DCE-MRI images
were transmitted to Mean-Curve software, the
signal intensity peak (SImax) and unenhanced
signal intensity (SI0) were measured, and the
MCER value (MCER = (SImax-SI0) x 100%/SI0)
was calculated.

Outcome measures

MRI imaging characteristics of the three
groups of patients

Described the morphology of the mass accord-
ing to the imaging characteristics, including
nodular, mass, and cystic; Described the en-
hancement characteristics of the mass based
on the enhanced scan images, including en-
hanced characteristics, clenched fist sign, con-
cave umbilical sign, garland-like enhancement,
and open-loop enhancement.

Comparison of the ADC value among the three
groups

The ADC value of PCNSL, GBM and DPT patients
was calculated according to the calculation
formula.

Comparison of the MCER value among the
three groups of patients

The MCER value of patients with PCNSL, GBM,
and DPT was calculated according to the calcu-
lation formula.

Comparison of the diagnostic value of MCER
and ADC in DPT

PCNSL and GBM were defined as negative and
DPT was defined as positive. The clinical value
of MCER and ADC in the diagnosis of DPT was
analyzed by ROC curve, and the threshold value
of MCER and ADC diagnosis were calculated
based on Youden index. Besides, the corre-
sponding diagnostic sensitivity and specificity
of MCER and ADC diagnostic thresholds were
evaluated.
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Statistical analysis

Statistical analysis was performed using
SPSS 24.0 (SPSS Inc., Chicago, IL, USA). The
counting data, represented by patient’s gen-
der, disease course and clinical manifesta-
tions, were expressed as number of cases
(percentage) [n (%)], and tested by a chi-square
test, with bilateral a = 0.05 as the test level.
While mean + standard deviation was employ-
ed to represent the measurement data such
as MCER and ADC values. The inter-group
comparison was performed by an independent
sample t test with bilateral o = 0.05 as the test
level, while the comparison among the three
groups was conducted by the F test. P<0.05
was considered to be statistically significant.
ROC curve analysis was used to evaluate the
clinical value of MCER and ADC values in the
area of interest in diagnosing DPT. The area
under the curve (AUC) >0.5 was evaluated as
superior to random guess, indicating that it had
predictive value, and the higher the AUC value,
the greater the predictive value. Youden index =
sensitivity + specificity-1. The maximum test
result variable value of Youden index was the
optimal threshold value. The optimal thresh-
olds of MCER and ADC values were taken as
the diagnostic thresholds, the above/below
optimal thresholds were determined as posi-
tive, and vice versa, and their sensitivity and
specificity were calculated. Sensitivity = num-
ber of true positives/(number of true positives
+ false negatives) x 100%; Specificity = num-
ber of true negatives/(number of true negatives
+ false positives) x 100%.

Results
Baseline information

There were no significant differences in the
baseline data of patients regarding age, gen-
der, course of disease or clinical manifestati-
ons between the three groups (P>0.05) (Table
1).

Differences in image characteristics of PCNSL,
GBM and DPT

The lesions of PCNSL patients and DPT patients
were mainly nodular and lumpy, while those of
GBM patients were mostly nodular and cystic.
However, no significant differences were ob-
served in tumor morphology among patients
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Table 1. Comparison of baseline information

Group PCNSL group (n = 27) GBM group (n = 19) DPT group (n = 13) x*F P
Age (year) 26.9+10.8 28.8+11.0 27.6+11.3 0.618 0.531
Gender
Male 12 10 5 0.523 0.479
Famale 15 9 8
Single phase course of disease
Yes 27 19 13 / 1
No 0 0 0
Course of disease
Acute 17 13 8 0.557 0.438
Subacute 10 6 5
Clinical manifestations
Fever 10 6 5 0.128 0.359
Dizziness/Vomiting 15 10 10 0.244 0.472
Visual impairment 7 5 3 0.392 0.52
Speech impairment 4 2 1 0.772 0.654
Dyskinesia 10 6 4 0.696 0.473

Note: PCNSL: primarycenter nerve system lymphoma; GBM: glioblastoma multiforme; DPT: demyelinating pseudotumor.

Table 2. Image characteristics of PCNSL, GBM and DPT

DPT group (Figure 1A). There

PCNSL GBM DPT
Group group  group  group
(n=27) (n=19) (n=13)

X P

were statistically significant di-
fferences in ADC values be-
tween patients in PCNSL gr-

Tumor morphology

Nodular 15 10 7
Lumpy 8 3 4
Cystic 4 6 2
Enhancement characteristics
Clenched fist 17 1 1
Concave umbilical 7 1 1
Garland-like enhancement 2 12 1
Open-loop enhancement 1 5 10

0.843 0.179

4.286 <0.001

oup, GBM group and DPT gr-
oup (0.89+0.17 vs 1.06+0.13
vs 1.18+0.11, P<0.001), while
no significant difference was
observed between the PCNSL
group and GBM group (P>0.05)
(Figure 1A). The comparison
of MCER value between the
three groups was DPT < GBM <
PCNSL (Figure 1B). There were

Note: PCNSL: primarycenter nerve system lymphoma; GBM: glioblastoma multi-

forme; DPT: demyelinating pseudotumor.

with PCNSL, GBM and DPT (P>0.05) (Table 2).
As to enhancement characteristics, PCNSL had
clenched fist and concave umbilical signs,
GBM had garland-like enhancement, and DPT
had open-loop enhancement. There were sig-
nificant differences in lesion enhancement ch-
aracteristics among the three groups (P<
0.001) (Table 2).

Lesions in DPT patients presented higher ADC
value and lower MCER value

The comparison of ADC value between the
three groups was PCNSL group < GBM group <
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statistically significant differ-
ences among the PCNSL gro-
up, GBM group, and DPT group
(97.36+17.81 vs 86.72+12.48
vs 59.46+10.26, P<0.001), while no significant
differences were observed between the PCNSL
group and GBM group (P>0.05) (Figure 1B).

MCER had higher value in diagnosing DPT
than ADC

The value of ADC value and MCER value in diag-
nosing DPT was analyzed by ROC curve, which
demonstrated that the AUC of MCER value
(0.982) > the AUC of ADC value (0.890) (Table
3; Figure 2). According to Youden index, the
optimal threshold for ADC value to diagnose
DPT was 1.07 x 10° mm?/s, and the optimal
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Figure 1. Comparison of ADC value and MCER value between the three groups.
A. Comparison of ADC value for three group PCNSL group < GBM group < DPT
group; B. Comparison of MCER value for three group DPT < GBM < PCNSL; Com-
parison of DPT group, ""“P<0.001; ADC: apparent diffusion coefficient; MCER:
maximum contrast enhancement rate; PCNSL: primarycenter nerve system
lymphoma; GBM: glioblastoma multiforme; DPT: demyelinating pseudotumor.

Table 3. The value of ADC value and MCER value in diagnosing DPT

Youden Optimal

Group AUC dex  threshold

Sensitivity Specificity

ADC value (x 102 mm?%/s) 0.89 0.717 1.07 100% 71.70%
MCER value (%) 0.982 0.957 7181 100% 95.70%

Note: ADC: apparent diffusion coefficient; MCER: maximum contrast enhancement
rate; DPT: demyelinating pseudotumor.
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Figure 2. The ROC curve of ADC value and MCER value diagnosis DPT. ROC:
receiver operating characteristic; ADC: apparent diffusion coefficient; MCER:
maximum contrast enhancement rate; DPT: demyelinating pseudotumor.

threshold for MCER value to diagnose DPT was
71.81%. With the optimal thresholds as the
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diagnostic thresholds, the
sensitivity of ADC value
and MCER value was both
100%, but the specificity of
MCER value (95.70%) was
higher than that of ADC
value (71.70%) (Table 3;
Figure 2).

Discussion

Magnetic resonance imag-
ing (MRI) is currently one of
the most effective diagnos-
tic methods for brain glioma
by placing the examination
site in a static magnetic
field and giving specific ra-
dio frequency pulses to sti-
mulate hydrogen protons in
human body to generate
resonance. After the pulse
is stopped, MR signals dur-
ing proton relaxation are re-
ceived and images are re-
constructed [13, 14]. PC-
NSL, GBM and DPT are all
regarded as brain soft tis-
sue lesions, and MRI obser-
vation of their imaging ch-
aracteristics has clinical va-
lue in the diagnosis and
treatment of these diseas-
es[9, 10, 13, 14].

After MRI examination of
the three groups of patients,
it was found that the three
diseases had no significant
difference in the morpholo-
gy of the target area, but
showed significant differ-
ences in the characteristi-
cs of the enhanced signal.
The main manifestations of
PCNSL, GBM, and DPT we-
re nodular, mass, and cys-
tic, and it was not feasible
to diagnose the disease by
the morphology of lesions.
In terms of enhancement
characteristics, 10 out of
13 DPT patients exhibited

open-loop enhancement, which should be id-
entified with the garland-like enhancement in
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GBM patients. The study of Tremblay showed
that, because demyelination of nerve fibers in
DPT patients often occurred in the white matter
of the brain, ring formation was enhanced at
the edge of the lesion, while the myelin sheaths
in the gray matter part and the basal part rarely
form a gap, hence the MRI characteristics of
DPT patients showed open-loop enhancement,
which was in line with the results of this study
[15]. While the first sign and concave umbilical
sign of patients with PCNSL are more easily dis-
tinguished from it [16, 17]. This result indicates
that it is possible to differentiate between
PCNSL, GBM and DPT by enhanced character-
istics in clinical diagnosis, except that the diag-
nostic results place higher requirements on
radiograph readers, and there may be a high
error rate. As for PCNSL and GBM, the similar
cell density and growth pattern of their lesions
result in the difficulty to diagnose and differen-
tiate between PCNSL, GBM and DPT by MRI
imaging characteristics, so it is necessary to
use quantitative analysis to diagnose DPT [18].

DWI can reflect the diffusion of water molecules
in tissues through ADC value, and can thus
evaluate the structure and internal changes of
lesion tissues. ADC value is positively correlat-
ed with the motility of water molecules, and the
lower ADC value is, the worse the motility of
water molecules is. The diagnostic value of ADC
value calculated by DWI in benign and malig-
nant lesions has been proved in many clinical
fields, including brain tissue, breast, liver, thy-
roid nodules [19]. Back in 2002, Lin retrospec-
tively analyzed 7 pathologically confirmed DPT
of the central nervous system and 1 clinically
confirmed MR image [20]. The results showed
that it was a difficult task to correctly diagnose
DPT of central nervous system based on clini-
cal data and imaging findings, which was often
misdiagnosed as tumor by MRI. A meta-analy-
sis conducted by Lu demonstrated that DWI
had a higher value in the differential diagnosis
of PCNSL and GBM, and the quantitative de-
tection of ADC value could be used for the dif-
ferential diagnosis of PCNSL and GBM [21].
However, there are also shortcomings in the
quantitative detection of ADC value, which are
not only affected by the number, size, arrange-
ment, and extracellular space of cells, but are
also related to nuclear-plasma ratio, number
of organelles, and microcirculation. The case
report of Ning described the diagnosis and
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treatment of DPT in patients who were initially
misdiagnosed as astrocytoma, with higher ADC
value in DPT patients, and suggested that cor-
rect diagnosis of DPT can avoid blind surgery
[22]. However, as mentioned earlier, the inci-
dence of DPT is quite low, as a result, the re-
ports on the diagnosis of DPT with ADC value
are very limited, especially the controlled stud-
ies with other intracranial lesions. The results
of this study showed that there were signifi-
cant differences in ADC value of PCNSL, GBM
and DPT patients, and the ROC curve analysis
indicated that ADC value enjoyed higher value
in clinical diagnosis of DPT patients. The rea-
son may be that DPT patients have a low de-
gree of restricted diffusion of water molecules,
which is the characteristic of benign lesions,
and this result is also consistent with the char-
acteristics of precursor lesions [6].

DCE-MRI is a new discovery of MRI technology
in recent years. Unlike traditional MRI, which
can only explain the tissue enhancement at a
certain time point, DCE-MRI can obtain a series
of continuous dynamic enhancement images
that can reflect the tissue enhancement in vari-
ous periods before, during and after contrast
agent injection through continuous and fast
imaging sequences, and can effectively reflect
the microcirculation function of lesion tissues
through software quantitative analysis [23, 24].
Moreover, it has a lower dependence on field
strength, and can be scanned at a field streng-
th of 1.5T, so it has a higher application sce-
nario. DCE-MRI is currently used in the diagno-
sis and prognostic evaluation of a variety of
clinical diseases. Among them, MCER has at-
tracted extensive attention as it has a better
expression of tissue blood supply and perfu-
sion. The reason is that the MCER is deter-
mined by tissue blood supply and perfusion.
MCER value is different from ADC value in that
the former mainly reflects the diffusion of tis-
sue water molecules and the nature of cells,
while the latter primarily reflects the capillary
permeability and the microcirculation function
of the lesion tissue [25, 26]. The present study
revealed that the MCER value of PCNSL, GBM
and DPT patients was significantly different,
presenting a gradient change of DPT < GBM <
PCNS. The main reason was that the vessels in
DPT lesions were less affected by endothelial
cell proliferation and had a lower signal chan-
ge rate, while the vascular walls of PCNSL and
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GBM lesions were infiltrated by tumor cells
and caused capillary endothelial hyperplasia,
so the amount of contrast agent in the vessels
increased, presenting a higher signal change
rate [27, 28]. The comparison between MCER
value and ADC value in the clinical diagnosis of
DPT patients exhibited that MCER value had
higher AUC and specificity than ADC value, and
the reason might be that the latter was affect-
ed by cell number, size, arrangement and extra-
cellular space.

The design of current study also has certain
shortcomings. First, due to the low incidence
of DPT, the number of cases available for
research is small, which may cause some bias.
Second, only PCNSL and GBM were included,
without comparison with other gliomas, which
is also our limitation. Therefore, even if the
results of this study are accurate, it is still
necessary to further expand the sample size
to determine the diagnostic value of MCER
value in DPT.

In summary, by contrast with MRI images of
PCNSL and GBM, we found that the lesion mor-
phology of DPT patients was mainly nodular
and clump, and presented the characteristics
of open-loop enhancement, which could be
used as a reference in clinical diagnosis. In
addition, compared with quantitative MRI anal-
ysis indexes of PCNSL and GBM, DPT patients
had higher ADC value and lower MCER value.
Both ADC value and MCER value had higher
value in the diagnosis of DPT, and the value of
the latter is better than the former.
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