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Abstract

Background: To evaluate the diagnostic value of diffusion weighted imaging (DWI) and apparent diffusion coeffi-
cient measurement (ADC) in glioma.

Methods: Thirty two low-grade glioma patients and 31 high-grade glioma patients who were confirmed by pathology
in Lanzhou University Second Hospital, Lanzhou, China from February 2016 to January 2019 were selected. The
other 30 patients with brain metastases were selected as a control group. DWI imaging data of the three groups were
collected, and ADC, relative ADC (tADC) values in tumor parenchyma, peritumor edema area, and contralateral
normal white matter area were measured, and the levels of n-acetyl aspartic acid (NAA), choline (Cho), creatine (Cr)
of tumor metabolites were analyzed.

Results: tADC values in the peri-tumor edema areas of the high-grade glioma group were significantly lower than

those in the low-grade group and the metastatic group ( P=0.011) , and the low-grade group was significantly lower
than that in the metastatic group (P < 0.05). NAA/Cho and NAA/Cr in patenchymal and petitumor edema areas of
patients in the advanced group were significantly lower than those in the metastatic group (P < 0.05), and Cho /Ct
was significantly higher than those in the metastatic group (P < 0.05).

Conclusion: the tADC value, NAA/Cho, NAA/Cr and Cho/Cr in parenchymal and peritumor edema areas of the

tumor can help to distinguish high-grade glioma, low-grade glioma and brain metastases.
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Introduction

Glioma is a common primary intracranial malig-
nant tumor, accounting for about 50% of all in-
tracranial tumors. Due to the particularity and
complexity of brain tissue structure, glioma can
cause different degrees of functional changes in
the brain, leading to psychological problems such
as anxiety and depression. With high mortality
and recurrence rate, poor prognosis and serious
impact on quality of life (1).

At present, surgical resection is the first choice
for the treatment of glioma disease, and the con-
tour of the tumor can be determined and the re-
section operation can be performed by stereo-
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scopic orientation and positioning with the help
of microscopic technology (2). However, in most
cases, the boundary between glioma and sur-
rounding brain tissue is blurred, and some brain
metastases have similar or overlapping signals on
conventional Magnetic Resonance Imaging
(MRI) images, which is not easy to distinguish
accurately, thus causing some difficulties in
treatment (3).

With the continuous development of neuroimag-
ing technology, Diffusion Weighted Imaging
(DW1I), which focuses on reflecting the Diffusion
of tissue water molecules, has gradually been
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widely used in glioma (4). DWI is to identify dif-
ferent pathological tissues by studying the ab-
normal movement of free water particles in tis-
sues at the molecular level with high accuracy (5),
however, this technique is still lacking of suffi-
cient clinical data support, and there are few rele-
vant references.

Therefore, we aimed to explore the differential
diagnosis value of DWI in patients with glioma
and brain metastasis.

Methods

General information

Selection of the patients were made in February
2016 to January 2019 in Lanzhou University Sec-
ond Hospital, China and confirmed by pathology,
diagnosis and treatment of 63 cases of patients
with brain glioma.

Patients signed informed consent forms (Lan-
zhou University Second Hospital Medical Ethics
Committee), according to the world health organ-
ization classification system (6) were divided into

low grade gliomas (I -II) group of 32 cases with
high grade glioma (II - IV) group of 31 cases.

In the low-grade glioma group, there were 19
males and 13 females, aged 6-70 years, with an
average age of 54.92%10.37 years, including 12
cases of ganglionic glioma, 9 cases of hair cell
astrocytoma, and 11 cases of diffuse astrocytoma.
In the high-grade glioma group, there were 20
males and 11 females, aged 12-68 years, with an
average age of 57.48%12.05 years old, including
10 cases of mesenchymal glioma, 15 cases of
mesenchymal astrocytoma, and 6 cases of glio-
blastoma. Meanwhile, another 30 patients with
brain metastases in our hospital were selected as
the metastatic group, including 18 males and 12
females, aged 25-70 years, with an average age of
55.07£11.24 years. There was no significant dif-
ference in age, gender and other basic data be-
tween the three groups, which was comparable.

Inclusion and exclusion criteria
Inclusion criteria: 1)Patients with glioma or brain
metastasis confirmed by pathology of our hospi-
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tal; 2)all patients with brain tumor were found for
the first time; 3) patients who had not affected
the treatment of this study before the study was
included; 4) agreed to this study, signed the in-
formed consent patients. Exclusion criteria: 1)
patients with incomplete clinical data; 2) patients
with other immune system diseases; 3) patients
with serious mental illness.

Research methods

Diffusion weighted MRI imaging and meas-
urement methods

Using Siemens Verio 3.0 T superconducting MR
scanner (Siemens medical systems co., LTD) to
regular scans of patients, shaft a SE - T1W (TR
550 ms, TE 12 ms), axis FSE - T2W (TR 2 200
ms, TE 90 ms), axis of a fluid attenuated inver-
sion recovery (fliud attenuated inversion recov-
ery, FLAIR) T2W (TR 9 000 ms and 110 ms, TE
TI 2 371 ms), field of view 320 mmX320 mm,
matrix 256%X256, axial layer thickness 5 mm.
DWI adopted se-epi sequence, frequency selec-
tive fat suppression technique, TR 4 000 ms, TE
100 ms, layer thickness 9 mm, layer spacing 1
mm, FOV 260 mmX260 mm, matrix 256X192.
The diffusion gradient was expanded from X, Y
and Z directions. The values of two diffusion
sensitive factors b were taken, b1=0s/mm2 and
b2=1000s/mm2, respectively. MR scanning con-
trast agent was gd-dtpa (bayer pharmaceutical),
the dosage per kg of body weight was 0.1mmol,
the flow rate was 3ml/s, and the elbow was in-
jected intravenously.

When selecting Regions Of Interest (ROI), first-
ly, tumor edges were determined according to
T1WI and T2WI scans, and corresponding loca-
tions were marked on DWI , the contralateral
normal white matter Of the tumor and tumor
weeks edema area Of 40-80 was chosen ROI area
respectively, each take 3-5 ROI, finally take
measure average, including tumor edema area in
tumor weeks less than 10 mm. In order to ensure
a good representation of the selected ROI, atten-
tion should be paid to avoiding cerebral sulci and
tumor necrotic tissue in practical operation to
avold volume effect. For patients with multiple
tumors, the site with the largest tumor area and
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obvious edema was selected as the target focus.
The measurement of Apparent Diffusion Coeffi-
cient (ADC) in DWI images were all carried out
in the workstation, version no. LEO3657, and
the standardized ADC wvalues in the tumor area
and peri-tumor edema area (rADC) were calcu-
lated according to the following formula. The
rADC value in the tumor area = tumor ADC
value/ADC value in the contralateral normal
white matter area. RADC value in the paratu-
moral edema area = ADC value in the paratu-
moral edema area/ADC value in the contralateral
normal white matter area.

MR hydrogen proton spectrum analysis
Two-dimensional multibody spectral imaging was
adopted, and point-resolved spectral analysis
(PRESS) sequence scanning was used. TR 1510
ms, TE 150 ms, and the field of vision was
260mm X260 mm. In the ROI area, spectral
software automatically calculated the peak area of
n-acetylaspartate (NAA), Choline (Cho), Creatine
(Cy), etc., and calculated the ratios of NAA/ Cho,
NAA/Cr and Cho /Cr.

Statistical software SPS§19.0 (Chicago, 1L, USA)

was used for data analysis, and measurement data

were expressed as mean * standard ( y*s )

deviation. F test was used for comparison be-

tween multiple groups, q test was used for pair-
wise comparison between multiple groups, and #
test was used for comparison between two
groups. P< 0.05, the difference was statistically
significant.

Results

DWI imaging

In the low-grade group, tumors occurred in the
right frontal cortex in 9 patients, the left frontal
cortex in 4 patients, the right temporal in 5 pa-
tients, the left temporal in 3 patients, the left oc-
cipital in 4 patients, the left cerebellar hemisphere
in 4 patients, and the right cerebellar hemisphere
in 3 patients, including 27 patients with single
lesion and 5 patients with multiple lesions. In the
high-grade group, 9 cases occurred in the right
frontal lobe, 9 cases in the left frontal lobe, 6 cas-
es in the right temporal lobe, 5 cases in the left
temporal lobe, and 2 cases in the pons, including
23 cases with single lesion and 8 cases with mul-
tiple lesions. The brain tumor parenchyma of the
three groups usually showed T2WI high signal,
DWTI low signal, and ADC high signal, but the
ADC signal of peritumoral edema area of meta-
static tumor patients was lower than glioma pa-
tients (Fig. 1-3).

Fig. 1: male, 12 years old, a hair cell astrocytoma with a rounded cystic mass in the left cerebellar hemisphere. A: T2WI showed
high signal and slight edema was observed around the tumor. B: DWI presented low signal, and peritumor edema presented
equal signal; C: ADC in the sac solid area shows high signal

Fig. 2: a 46-year-old male with a glioblastoma with an irregular cystic mass on both foreheads. A: T2WI presented uneven and
slightly high signal or equal signal, severe edema was observed around the tumor, and the edema area presented slightly high
signal. B: DWI presented heterogeneous signals; C: ADC shows high signal or equal signal with clear boundary; D: T1 en-
hancement scan showed obvious irregular enhancement
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Fig. 3: female, 62 years old, with brain metastases from invasive ductal carcinoma of the breast. There is circular
space in the left cerebellar hemisphere. A: T2-Flair presented equal signal B: T1WI enhanced scan showed obvious
enhancement of tumor parenchyma.; C: ADC in the capsule solid area shows slightly high signal or equal signal; D:

MRS in the tumor parenchyma showed a significant decrease in NAA, a slight increase in CHO, and a significant

Comparison of ADC and rADC values

The ADC values in the parenchymal and peri-
tumor edema areas of the three groups were sig-
nificantly higher than those in the normal white
matter areas of the opposite sides (P < 0.05), and
the rADC values in the peri-tumor edema areas

decrease in Cr. E: MRS in the normal white matter on the contralateral side of the tumor

of the high-grade glioma group were significantly
lower than those in the low-grade group and the
metastatic group (P < 0.05), and those in the low-
grade group were significantly lower than those
in the metastatic group (P < 0.05) (Table 1).

Table 1: comparison of ADC and rtADC values among the 3 groups ( )_(is , X10-3mm?/s)

Group Cases Tumor pa- contralateral Tumor pa- Area of Edema of Area of
renchyma normal renchyma  peritumor the contra-  peritumor
ADC white mat- rtADC edema  lateral white edema
ter area ADC matter area rADC
ADC ADC
Low-grade 32 1.15%0.27» 0.76£0.12 1.53+0.32  1.23£0.21>  0.77£0.16 1.64%0.19
group ¢
High- 31 1.7520.33# 0.80£0.14 2.26£0.43  1.04x0.16>  0.73%+0.11 1.46%0.16
grade
group
Metastases 30 1.84£0.39» 0.81%£0.15 236x0.40  1.62£0.25>  0.75£0.13  2.29%0.40¢
group
F 40.009 1.170 43.431 60.635 0.689 79.946
P 0.000 0.315 0.000 0.000 0.505 0.000

Compared with the contralateral white matter area of the tumor, aP < 0.05. BP < 0.05 compared with edema in the
opposite white matter area. CP < 0.05 compared with the high-level group

Awvailable at:

http://ijph.tums.ac.ir

1115


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 49, No.6, Jun 2020, pp. 1112-1119

Metabolite ratio analysis

The NAA/Cho and NAA/Cr ratios in the paten-
chymal area of the three groups were significantly
lower than those in the peritumor edema area
and the contralateral white matter area (P < 0.05),
and Cho /Cr ratios were significantly higher than
those in the peritumor edema area and the con-
tralateral white matter area (P < 0.05). NAA/Cho
and NAA/Cr in the peritumor edema area were
significantly lower than those in the contralateral
white matter area (P < 0.05), and Cho /Cr was

significantly higher than those in the contralateral
white matter area (P < 0.05). There was no signif-
icant difference in the NAA/Cho, NAA/Cr and
Cho /Cr ratios in the contralateral white matter
of the 3 groups. NAA/Cho and NAA/Cr in
parenchymal and peritumor edema areas of pa-
tients in the advanced group were significantly
lower than those in the metastatic group (P <
0.05), and Cho /Cr was significantly higher than
those in the metastatic group (P < 0.05) (Table
2).

Table 2: comparison of metabolite ratios of patients in the 3 groups

Group Low-grade High-grade Metastases F P
group group group

NAA/Cho Parenchyma area 0.47£0.062bc 0.24+0.032b 0.39£0.052bc 182.336 0.000
Area of peritu- 0.76%0.12a¢ 0.49£0.072 0.68+0.112c 57.408 0.000
mot edema
Contralateral 1.40x0.21 1.43%£0.17 1.41£0.26 0.014 0.986
white matter

NAA/Cr Parenchyma atea 1.2240.14abe 0.91£0.07ab 1.2810.14abe 82.695 0.000
Area of peritu- 1.131+0.11ac 1.25+0.122 1.3740.15ac 27.506 0.000
mot edema
Contralateral 1.49%0.12 1.50%£0.13 1.52+0.15 0.402 0.670
white matter

Cho /Cr Parenchyma atea 2.5910.33abe 3.80%0.522b 3.271+0.41abc 63.801 0.000
Area of petitu- 1.49%0.152¢ 2.55+0.282 2.01£0.19a¢c 194.354 0.000
mot edema
Contralateral 1.0240.08 1.06%+0.13 1.031+0.11 1.154 0.320

white matter

Compared with the contralateral white matter area, aP < 0.05. BP < 0.05 and ¢P < 0.05 compared with the high grade group

Discussion

Glioma cell diseases are most common in young
adults, when the patient has assumed important
responsibilities in the family or society, and when
faced with sudden disease pressure or even death
threat, they will have a strong sense of despair.
On the one hand, they worry that their reduced
self-care ability will have an impact on their fami-
lies, and they worry that they will be thrown away
by the company and the society if they lose their
ability to work. On the other hand, some patients
are unable to correctly evaluate the severity of the
disease they suffer from due to their low cogni-
tion of glioblastoma disease. They are blindly
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pessimistic and have a low level of psychological
stress resilience. So in the face of patients with
brain glioma, except for the treatment of patients
with science, we should also pay close attention
to patients' psychological emotional state chang-
es, using the right means of persuation ease the
patients psychological pressure, encourage pa-
tients to take an active part in social activities and
give them enough social support, more attention
should be paid to patients popularize basic
knowledge of brain gliomas disease, distinguish
between brain gliomas and brain metastases, and
strengthen the rehabilitation training guidance, to
reduce patients' stress reaction, improve the level
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of mental flexibility, promote its better adapt to
the situation.

Glioma and brain metastasis are two common
brain tumors with different pathological basis.
Glioma, especially high-grade glioma, is mainly
manifested as infiltrating growth of tumor cells
along dilating blood vessels and nerve fibers,
blurry boundary between tumor parenchyma and
normal brain tissue, T2 high signal in conven-
tional MRI imaging examination, and generally
does not disappear with tumor resection, with
high recurrence (7). Brain metastases are primary
tumors from other parts of the body that metas-
tasized to the brain and often present as single or
multiple lesions in the brain parenchyma. The
boundaries between the tumor parenchyma and
normal brain tissue are clear. Peritumor edema is
vasogenic edema caused by tumor compression
of blood vessels, and no tumor cells exist (8).
However, some patients with single brain metas-
tases may not find other extracranial tumors
when detecting brain tumors. At this time, the
manifestations of these tumors are very similar to
those of glioma in CT and MRI images, and there
is no characteristic signal change, so it often leads
to misdiagnosis. The clinical treatment of brain
glioma is usually dominated by surgery and radio-
therapy, while the treatment of brain metastases
is usually dominated by whole-brain radiotherapy.
The two totally different treatment methods de-
termine that if brain metastases are misdiagnosed
as glioma, serious treatment accidents will be
caused, directly affecting the prognosis of pa-
tients. Therefore, there is an urgent need for a
technical method that can specifically distinguish
glioma from brain metastases to diagnose diseas-
es more accurately.

MRI was would impose to a certain frequency of
tf pulse in a static magnetic field in the human
body, make the hydrogen protons from the lar-
mor precession to nutation, resonance with the
radio frequency (tf) pulse, when the rf pulse
stopped, hydrogen proton lost outside effect, the
state gradually regression larmor precession, nu-
tation and release energy, and the system is con-
verted to electrical signals, finally presents to im-
ages in terminal screen (9). Among them, the
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time required for hydrogen protons to gradually
return from nutation state to larmor is relaxation
time, including longitudinal relaxation time T1
and transverse relaxation time T2 (10). MRI has
many different focus sequences, such as TTWI
reflecting T1 relaxation time contrast, T2WI re-
flecting T2 relaxation time contrast, and DWI
reflecting water molecule exchange state between
tissues (11). DWI is a new field of neuroimaging.
With the support of planar echo imaging and
other technologies, it can carry out non-injury
measurement at the cell level in living organisms.
By setting different diffusion sensitive gradients,
moving protons generate different signals under
the action of concentration difference and form
images (12). However, in the process of actual
measurement proton movement can be influ-
enced by heating, pressure gradient, diffusion
barrier permeability, blood flow and intercellular
space or T2 penetration effect of various factors,
DWTI image signal height cannot accurately reflect
the movement of water molecules, the lesion site
but ADC figure can better remove T2 penetra-
tion effect, so use ADC to as a general quantita-
tive indicators, tADC values can be used to elim-
inate the differences between the ADC values of
the individual, to avoid to affect (13).

DWTI and ADC signals are usually negatively cor-
related (14). The faster water molecules diffuse,
the lower DWI signal is, and the higher ADC
signal is. ADC values in the parenchymal and
peritumor edema areas of the three groups were
significantly higher than those in the normal
white matter areas of the contralateral sides,
which was consistent with another study (15).
This is because when water molecules in human
brain tissues disperse in the vertical direction of
nerve fibers, they are limited by normal nerve
fibers running parallel to each other, resulting in
limited diffusion and low ADC value. However,
in brain tumor tissues, the disordered arrange-
ment of nerve fibers has no effect on the free
diffusion of water molecules (16), so the ADC
value is relatively high. The tADC value in the
peri-tumor edema area of patients in the high-
grade glioma group was significantly lower than
that in the low-grade group and the metastatic
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group, and the low-grade group was significantly
lower than that in the metastatic group, suggest-
ing that the rADC value in the peri-tumor edema
area may be used to distinguish glioma from
brain metastasis. Brain metastases are metastases
from extracranial malignant tumor to intracranial
by blood route. Generally, they are manifested as
expansion and growth in the center. The peritu-
mor edema is vasogenic edema without tumor
cells, so water molecules spread faster and the
rADC value is higher. The edema area of glioma
is often filled with infiltrating tumor cells, which
grow in the space near blood vessels and hinder
the diffusion of water molecules (17), especially
in patients with high-grade glioma, resulting in a
low rtADC value.

"H-MRS is the only non-invasive technique to
quantitatively analyze the degree of tissue damage
in brain tumor patients, indicating the degree of
tissue invasion by measuring the changes of tu-
mor metabolites NAA, Cho and Cr (18). NAA is
currently recognized by the medical community
as a marker to reflect axonal density and neuronal
activity, and its resonance peak appears at 2.03
PPM. NAA is usually low expressed in patients
with impaired neuronal function (19). Cho peak
located at 3.20 PPM is mainly used to reflect the
cell proliferation ability or malignant degree of
tumor. When the cell membrane conversion and
metabolism change in tumor tissues of patients,
Cho content will increase. Cr is the internal refer-
ence standard of nerve metabolism, which is sta-
ble at 3.04 PPM. As the methyl group of total
creatine, Cr is low-expressed when energy me-
tabolism of tumor patients increases (20).

The results of this study showed that the
NAA/Cho and NAA/Cr ratios in the tumor
parenchymal area of the three groups were signif-
icantly lower than those in the peritumor edema
area and contralateral white matter area, and Cho
/Cr ratios were significantly higher than those in
the peritumor edema area and contralateral white
matter atea. NAA/Cho and NAA/Cr in the peri-
tumor edema area of the 3 groups were signifi-
cantly lower than that in the contralateral white
matter area, and Cho /Cr was significantly higher
than that in the contralateral white matter area,
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suggesting that the damage degree of neuronal
axonal structure in the tumor parenchyma area
was higher than that in the peritumor edema area.
NAA/Cho and NAA/Cr in the parenchymal and
peritumor edema areas of the high-grade group
were significantly lower than those in the meta-
static group, and Cho /Cr were significantly
higher than those in the metastatic group, sug-
gesting that NAA/Cho, NAA/Cr and Cho ratios
had different manifestations in patients with gli-
oma and brain metastasis.

Conclusion

There were significant differences in rADC,
NAA/Cho, NAA/Cr and Cho /Cr levels be-
tween patients with high and low grade glioma
and patients with brain metastases in the tumor
parenchyma and peritumor edema areas, suggest-
ing that the determination of rADC value and
NAA/Cho, NAA/Cr and Cho /Cr levels could
be used to distinguish patients with high and low
grade glioma from patients with brain metastases.
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