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Abstract. The current study aimed to investigate whole‑brain 
three‑dimensional arterial spin labeling imaging (3D ASL) 
and dynamic susceptibility contrast perfusion‑weighted 
imaging (DSC‑PWI), in regards to their diagnostic value of 
preoperative glioma grade. The parameter values obtained 
after correction will be correlated with the diagnostic value 
of 3D ASL and DSC‑PWI perfusion. In the current study, 
50 patients with gliomas confirmed by pathology were used, 
including 27 low‑grade gliomas (LGGs) and 23 high‑grade 
gliomas (HGGs). Prior to surgery all patients underwent 3 
Tesla magnetic resonance imaging (MRI), 3D ASL, DSC‑PWI 
and conventional enhanced MRI scans to obtain original 3D 
ASL and DSC‑PWI images, and the tumor regions with the 
most obvious parenchyma perfusion and contralateral normal 
white matter were selected. In these areas, the ASL‑relative 
cerebral blood flow (ASL‑rCBF), DSC‑relative cerebral blood 
flow (DSC‑rCBF) and DSC‑relative cerebral blood volume 
(DSC‑rCBV) parameter values were then obtained after 
correction for individual differences. The results of the present 
study show that ASL‑CBF, DSC‑CBF, DSC‑CBV values 
and ASL‑rCBF, DSC‑rCBF, DSC‑rCBV values increased as 
the grade of the glioma being imaged increased, and there 
was a marked difference between the HGGs and the LGGs. 
ASL‑rCBF was significantly positively correlated with 
DSC‑rCBF (r=0.580, P<0.01). In addition, ASL‑rCBF was 
significantly positively correlated with DSC‑rCBV (r=0.431, 
P<0.01). Receiver operating characteristic (ROC) curves were 

applied to compare the two perfusion parameters of DSC‑PWI 
and 3D ASL in the diagnosis of glioma grade. ASL‑rCBF 
had the highest area value under the ROC curve (0.836). The 
areas under the ROC curve of DSC‑rCBF and DSC‑rCBV 
were analyzed using the Z test, but the difference was not 
statistically significant. When ASL‑rCBF, DSC‑rCBF and 
DSC‑rCBV were cutoff at 2.24, 1.85 and 1.68, the sensitivity of 
HGG diagnosis was 83.2, 91.3 and 91.3%, and the specificity 
was 77.7, 63.9 and 66.7%, respectively.

Introduction

Glioma is the most common type of central nervous system 
tumor, according to the World Health Organization (WHO) (1). 
Glioma is divided into four grades; grades I and II are low level 
tumors, and grades III and IV are high level tumors (1,2). There 
are great differences in clinical treatment and prognosis between 
the different grades of gliomas, and preoperative identification 
of gliomas has important clinical significance (3). Conventional 
MRI image enhancement is the most common method used to 
determine between a benign and malignant glioma�������������.������������ It is typi-
cally considered that high‑grade gliomas are notably enhanced 
by conventional magnetic resonance enhancement, while 
low‑grade gliomas are not enhanced. However, in recent years 
this view has been questioned. In principle, the strengthening 
of magnetic resonance imaging (MRI) enhancement reflects 
tumor disruption of the blood‑brain barrier (BBB), enhanced 
when the contrast agent used enters into the extravascular tissue 
space (4,5). However, the most obviously enhanced region does 
not reflect the region of the tumor with the highest degree of 
malignancy and regions of angiogenesis will not necessarily be 
enhanced. Despite invasive tumor growth along vascular access 
to white matter tracts, BBB are likely to remain intact, making 
imaging deviate from the actual pathology. Conventional MRI 
is not capable of providing details of the fine structure of the 
tumor microvessel density or angiogenesis information (6). So, 
there is a requirement for new imaging technologies that can 
provide this information.

Angiogenesis and tumor cell constitution are the primary 
indicators of the pathological grade of glioma (7)������������. The capil-
lary network can provide nutrients needed for growth of 

Three-dimensional arterial spin labeling imaging and 
dynamic susceptibility contrast perfusion-weighted imaging 

value in diagnosing glioma grade prior to surgery
HONG MA1,2,  ZIZHENG WANG1,  KAI XU2,  ZEFENG SHAO1,  CHUN YANG2,   
PENG XU2,  XIAOHUA LIU2,  CHUNFENG HU2,  XIN LU2  and  YUTAO RONG2

1Department of Nuclear Medicine, Nanjing First Hospital, Nanjing Medical University, Nanjing, Jiangsu 210006; 
2Department of Radiology, The Affiliated Hospital of Xuzhou Medical University, Xuzhou, Jiangsu 221002, P.R. China

Received April 18, 2016;  Accepted January 6, 2017

DOI: 10.3892/etm.2017.4370

Correspondence to: Dr Zizheng Wang, Department of Nuclear 
Medicine, Nanjing First Hospital, Nanjing Medical University,  
68 Chang Le Road, Nanjing, Jiangsu 210006, P.R. China 
E‑mail: zzwang136@aliyun.com

Key words: magnetic resonance imaging, three‑dimensional arterial 
spin labeling, dynamic susceptibility contrast perfusion‑weighted 
imaging, glioma



MA et al:  3D ASL AND DSC‑PWI VALUE IN DIAGNOSING GLIOMA GRADE BEFORE SURGERY2692

tumor cells and a way for the tumor to metastasize, such that 
angiogenesis factor production and tumor growth are inter-
related. Previously, it was reported that dynamic susceptibility 
contrast perfusion‑weighted imaging (DSC‑PWI) of cerebral 
blood volume (CBV) and cerebral blood flow (CBF) is able to 
describe the blood supply of brain tumors quantitatively (8). 
An endogenous tracer is used in three‑dimensional arterial 
spin labeling (3D‑ASL) to evaluate tissue perfusion and should 
better reflect perfusion compared with MRI using a contrast 
agent. However, it is unclear whether or not ASL‑CBF can 
reflect tumor angiogenesis, whether ASL‑CBF is correlated 
with DSC‑CBV and DSC‑CBF, and whether ASL‑CBF can 
more accurately evaluate the glioma grade compared with 
DSC‑CBV and DSC‑CBF.

The current study was designed to identify the relative 
values of ASL‑CBF, DSC‑CBF, DSC‑CBV obtained from 3D 
ASL and DSC‑PWI, the two perfusion weighted imaging tech-
nologies, to analyze the perfusion status in different grades of 
glioma, to explore their value in the preoperative grading of 
gliomas in patients and compare their accuracy in identifying 
the pathological grading.

Materials and methods

Patient selection and characteristics. All patients were 
from The Affiliated Hospital of Xuzhou Medical University 
(Xuzhou, China). The present study was performed between 
December 2014 and October 2015. Patients with computer-
ized tomography (CT) or MRI confirmed tumor lesions of 
the brain were selected for the study. Prior to MRI exami-
nation none of the patients were treated with chemotherapy, 
radiotherapy or surgery. MRI was conducted <1 week before 
surgery. A total of 72 cases of brain tumors, suspected to 
be glioma, were enrolled, with 22 excluded on the basis of 
motion artifacts (n=4), hemorrhage (n=6), not undergoing 
surgery or pathologically confirmation that their tumor was 
not a glioma (n=12). Based on the pathology, the imaging data 
of 50 cases of patients with glioma were used in the present 
study. Following the WHO classification criteria 2007 (1), the 
gliomas cases were classified as low‑grade (grades I and II, 
n=27) or high‑grade (grades III and IV, n=23). In total there 
were 26 males and 24 females, aged between 14 and 84 years 
old (mean, 45.6 years). The primary clinical symptoms of the 
patients in the study included headache, dizziness, nausea, 
vomiting, seizures, decreased vision and language barriers.

MRI examination. All patients were imaged from the base to 
the top of the head using a 3.0 T superconducting MRI scanner 
(Discovery MR750 w 3.0T; GE Healthcare, Piscataway, NJ, 
USA). The gradient switching rate used was 120 mT/m/ms, 
with a gradient field intensity of 33 mT/m, using a 16‑channel 
phased‑array coil.

MRI scans consisted of conventional MRI (T2‑weighted 
imaging, T1‑weighted imaging, T2 fluid‑attenuated inversion 
recovery, diffusion‑weighted imaging and a pure axial scan 
of T2WI), 3D ASL, the use of a contrast agent for DSC‑PWI 
and contrast enhanced T1WI (transverse, coronal, sagittal 
plane and a pure axial scan). Imaging was obtained with the 
parameters described in Table I. Perfusion was determined 
subjectively by the authors.

DSC‑PWI was performed using a gradient recalled 
echo‑echo planar imaging (GRE‑EPI) sequence during the 
administration of 0.2 mol/kg of gadopentetic acid dimeglumine 
salt injection (Magnevist; Bayer Healthcare Pharmaceuticals, 
Berlin, Germany) at a rate of 3 ml/s. This was followed by a 
bolus injection of 20 ml saline. The DSC‑PWI was performed 
using the same section orientations as those for conventional 
MRI.

Image analysis. Imaging data was automatically delivered 
to an AW4.6 workstation (Advantage for Windows; GE 
Healthcare) and analyzed using Functool v.9.4.05 analysis 
software (GE Healthcare). The conventional pure axial T2WI 
or pure axial enhanced T1WI MRI images and 3D‑ASL or 
DSC‑PWI perfusion images were fused, with the conventional 
image positioning. The region of interest (ROI) of the largest 
area of solid tumor perfusion was selected according to the 
color gradation of ASL or DSC‑PWI perfusion pseudo color 
map (avoiding the sac, hemorrhage, large blood vessels and 
artifact‑obvious area) and covered an area of 50‑60 mm2. 
The contralateral normal ROI was selected by using the 
mirror image of the tumor ROI. ASL‑CBF, DSC‑CBF and 
DSC‑CBV data of each ROI were measured three times  
and an average was calculated by two experienced neural 
radiologists.

Analysis of pathological specimens. All the specimens 
obtained by surgery were embedded in a paraffin block, 
cut into 3‑µm thick serial slices and examined by routine 
hematoxylin and eosin staining and immunohistochemical 
staining for glial fibrillary acidic protein (M‑0262), Ki67 
(M‑0350), O‑6‑methylguanine‑DNA methyltransferase 
(M‑0382), P53 (M‑0430), S100 (M‑0466), Syn (M‑0482; all 
Shanghai LongIsland Biotec. Co., Ltd., Shanghai, China) and 
isocitrate dehydrogenase 1 (ZM‑0447; Beijing Zhongshan 
Golden Bridge Biotechnology Co., Ltd., Beijing, China) with 
fully automatic immunohistochemical staining apparatus 
(BenchMark XT; Roche Diagnostics, Basel, Switzerland). All 
antibodies were used at the dilutions provided in the respec-
tive antibody kits. Pathological sections were analyzed by two 
experienced neuropathology specialists. Based on the histo-
logical typing of the tumor cells, including factors such as 
atypical nuclei, tissue necrosis and the results of immunohis-
tochemistry for Ki67, tumors were classified into low‑grade 
gliomas (LGG; grade I, G1; grade II, GII) and high‑grade 
gliomas (HGG; grade III, G3; grade IV, G4) according to the 
WHO criteria (2007).

Statistical analysis. Data analysis was performed using SPSS 
software (version 16.0; SPSS, Inc., Chicago, IL, USA). All the 
values were tested for consistency using the correlation coef-
ficient for each parameter following agreement between the 
two surveyors. Data were divided into two groups, a LGG and 
HGG group, based on the pathological stage. Then, normality 
and homogeneity of variance of the measured parameters was 
determined using exploratory analysis (Explore tool; SPSS, 
Inc.). Conformance to the normal distribution of quantitative 
data is shown as the mean ± standard deviation, or the median 
and interquartile range. If the data was normally distributed, 
the mean sample differences were compared between the two 
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groups using two‑sample t‑tests or Wilcoxon signed‑rank 
tests. To analyze each parameter value and the relative differ-
ences in parameters in different grades of glioma Spearman's 
rank correlation analysis was used. P<0.05 was considered to 
indicate a statistically significant difference. Spearman's rank 
correlation analysis was performed to calculate the correlation 
between ASL‑rCBF, DSC‑rCBF and DSC‑rCBV and patho-
logical diagnosis of glioma grade. In the resulting correlation 
graphs, the difference in areas under the receiver operating 
characteristic (ROC) curves (i.e. the different diagnostic 
performance of the two tests) were calculated using Z tests, in 
order to identify the test with the best diagnostic value.

Results

Clinical data. Glioma was pathologically confirmed in 
50 patients. These were classified into high‑grade and low‑grade 
gliomas, according to WHO classification criteria (2007). There 
were 27 cases of LGGs, including 5 cases of ganglioglioma in 
GI, 4 cases of pilocytic astrocytoma in GI, 3 cases of obesity 
cell astrocytoma in GI and 15 cases of astrocytoma in GII. 
There were 23 cases of HGGs, including 3 cases of anaplastic 
oligodendroglioma in GIII, 9 cases of anaplastic astrocytoma in 
GIII and 11 cases of glioblastoma in GIV.

Image information. ASL‑rCBF, DSC‑rCBF and DSC‑rCBV 
were measured in different grades of glioma by two radi-
ologists. All the values were tested for consistency using the 
correlation coefficient for each parameter, and intraclass corre-
lation values were obtained as >0.90, in agreement between 
the two surveyors.

In 3D ASL and DSC‑PWI pseudo‑color images, LGGs 
demonstrated slightly high or low perfusion (determined 
subjectively by the authors; Fig. 1), while HGGs exhibited 
notably high perfusion. Furthermore, within the HGGs, 
tumors demonstrated uneven perfusion (Fig. 2).

Correlation analysis between 3D ASL and DSC‑PWI. 
Spearman correlation analysis results demonstrated that 
ASL‑rCBF had a significantly positive correlation with 
DSC‑rCBF (r=0.580, P<0.01). In addition, ASL‑rCBF had a 
significantly moderate positive correlation with DSC‑rCBV 
(r=0.431, P<0.01).

Correlation analysis between 3D ASL and DSC‑PWI and 
pathology. Spearman's rank correlation analysis was applied 
between ASL‑rCBF, DSC‑rCBF and DSC‑rCBV of 3D ASL, 
DSC‑PWI and pathological grade. The results showed a  
significant positive correlation between the values from 
ASL‑rCBF, DSC‑rCBF and DSC‑rCBV and pathological 
grade (P<0.01; Table  II), and the correlation coefficients 
were 0.487, 0.335 and 0.331, respectively. ASL‑rCBF demon-
strated the closest correlation with the pathological grade  
(Table III).

3D ASL and DSC‑PWI. The parameter values of ASL‑rCBF, 
DSC‑rCBF and DSC‑rCBV of the two types of perfusion (3D 
ASL and DSC‑PWI) were used to produce the ROC curve 
(Fig. 3), which was then used to rate the diagnostic performance 
of 3D ASL and DSC‑PWI in regards to HGGs. The results of 
the present study show that ASL‑rCBF had the largest area 
under the ROC curve (0.836). The difference in areas under 
the ROC curve between DSC‑rCBF, DSC‑rCBV, DSC‑rCBF 
and ASL‑rCBF were analyzed using Z tests, showing that 
ASL‑rCBF had the largest area under the ROC, but this not 
significantly different to DSC‑rCBV and ASL‑rCBF. When 
the cutoffs for ASL‑rCBF, DSC‑rCBF and DSC‑rCBV were 
taken (2.24, 1.85 and 1.68), the sensitivities of HGG diagnosis 
were 83.2, 91.3 and 91.3%, and the specificities were 77.7, 
63.9 and 66.7%, respectively (Table IV). The area under the 
ROC curve representing the difference between the three 
parameters of ASL‑rCBF, DSC‑rCBF and DSC‑rCBV was not 
notable (P>0.05; Table V).

Table I. MRI scan parameters.

Parameters	 T2WI	 T1WI	 T2FLAIR	 3D ASL	 DSC‑PWI

TR (ms)	 4,031	 2,009.3	 9,000	 4,640	 1,800
TE (ms)	 105.2	 24	 95	 10.7	 30
TI (ms)	 /	 628	 2475.9	 /	 /
Layers	 18	 18	 18	 36x2a	 20
Thickness (mm)	 6.0	 6.0	 6.0	 4.0	 5
Layer space (mm)	 1.5	 1.5	 1.5	 /	 1.5
Flip angle (˚)	 142	 111	 160	 /	 90
FOV (cm)	 24x24	 24x24	 24x24	 24x24	 24x24
NEX 	 1.5	 1.5	 1.0	 3	 1
Matrix	 416	 256x256	 256x256	 /	 128x128
Acquisition time (sec)	 52	 89	 153	 269	 74 

a36 images were labeled images, in which the blood water magnetization was inverted, and 36 were control images, in which the blood water 
magnetization was not inverted. TR, repetition time; TE, echo time; TI, inversion time; FOV, field of view; NEX, number of excitation; T2WI, 
T2 weighted imaging; T1WI, T1 weighted imaging; T2FLAIR, T2 fluid‑attenuated inversion recovery; 3D ASL, three‑dimensional arterial spin 
labeling; DSC‑PWI, dynamic susceptibility contrast perfusion‑weighted imaging.
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Discussion

Gliomas are rich in blood vessels and the vascular structures 
differ notably from normal vascular structure. Pathology 

results show immature blood vessels in gliomas, with large 
cell gaps, incomplete basement membranes and lack of 
smooth muscle layers, resulting in higher permeability of these 
vessels (9,10). Angiogenesis levels are an important indicator 

Figure 1. Results of imaging of a patient with a low‑grade glioma located at the left side of the frontal lobe. (A) Routine T2WI. The focal lesion showed a 
slightly higher signal. (B) Routine T1WI. The focal lesion showed a slightly low signal. (C) Enhanced T1WI. The focal lesion had no obvious enhancement. 
(D) ASL‑CBF imaging. Low perfusion of the tumor was observed, with a ASL‑rCBF value of 0.46. (E) DSC‑CBV imaging. Low perfusion of the tumor was 
observed, with a DSC‑rCBV value of 0.44. (F) DSC‑CBF imaging. Low perfusion of the tumor was observed, with a DSC‑rCBF value of 0.5. (G) Hematoxylin 
and eosin staining of a low‑grade glioma specimen (magnification, x40). The volume of tumor cells was large with abundant cytoplasm. WI, weighted imaging; 
ASL, arterial spin labelling; CBF, cerebral blood flow; DSC, dynamic susceptibility contrast; CBV, cerebral blood volume; r, relative.

Table II. Comparison of low‑grade gliomas with high‑grade gliomas.

Parameter	 Low‑grade gliomas	 High‑grade gliomas	 Z‑test score	 P‑value

ASL‑CBF, ml/100 g/min	 50.64±35.89	 88.03±37.16	 ‑3.221 	 0.001
DSC‑CBF, ml/100 g/min	 15.15±15.85	 41.08±37.88	 ‑3.494 	 0.001
DSC‑CBV, ml/100 g	 3.12±3.71	 8.40±6.07	 ‑3.981	 <0.01
ASL‑rCBF	 2.13±2.16 	 5.41±3.74	 ‑4.06	 <0.01
DSC‑rCBF	 3.79±5.31	 8.26±7.46	 ‑3.12	 0.02
DSC‑rCBV	 3.94±5.81 	 9.84±10.93	 ‑3.22	 <0.01

ASL, arterial spin labeling; CBF, cerebral blood flow; DSC, dynamic susceptibility contrast; CBV, cerebral blood volume; rCBF, relative 
cerebral blood flow; rCBV, relative cerebral blood volume.
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of glioma malignancy (11). The higher the grade of the glioma, 
the higher degree of vascular proliferation found.

MR perfusion imaging can quantitatively reflect tumor 
microvessel density, vascular nature and distribution, and 
can be used to assess the extent of brain tumor angiogenesis 
and invasion of the surrounding tissue (12). High levels of 

Table III. Correlation analysis between ASL‑rCBF, DSC‑rCBF 
and DSC‑rCBV of 3D ASL, DSC‑PWI and pathological grade.

Parameter	 rs
a	 P‑value

ASL‑rCBF	 0.487	 <0.01
DSC‑rCBF 	 0.335 	 <0.01
DSC‑rCBV	 0.331	 <0.01

aSpearman's rank correlation analysis. ASL, arterial spin labeling; 
rCBF, relative cerebral blood flow; DSC, dynamic susceptibility 
contrast; rCBV, cerebral blood volume.

Figure 3. ROC curves of 3D ASL and dynamic susceptibility contrast 
perfusion‑weighted imaging. 3D ASL relative cerebral blood flow had the 
largest area under the ROC curve, which was 0.836. ROC, receiver oper-
ating characteristic. 3D ASL, three‑dimensional arterial spin labeling; 
rCBF, relative cerebral blood flow; DSC, dynamic susceptibility contrast 
perfusion‑weighted imaging; rCBV, relative cerebral blood volume.

Figure 2. Results of imaging of a patient with a high‑grade glioma located at the right side of the temporal lobe. (A) Routine T2WI. The mass showed a slightly 
higher and higher hybrid signal. The ring pool and saddle pool exhibited pressured narrowing. (B) Routine T1WI. The majority of the mass demonstrated 
uneven low signal mixed with high signal small patch sample bleeding. (C) Enhanced T1WI. The majority of the mass demonstrated ��������������������obvious ������������uneven rein-
forcement and the center area presented low signal without reinforcement. (D) ASL‑CBF imaging. Visible and uneven high perfusion was observed, with a 
ASL‑rCBF value of 8.03. (E) DSC‑CBV imaging. The mass showed visible and uneven high perfusion, with a DSC‑rCBV value of 8.16. (F) DSC‑CBF imaging. 
The mass showed visible and uneven high perfusion, with a DSC‑rCBF value of 4.16. (G) Hematoxylin and eosin staining of a high‑grade glioma specimen 
(magnification, x40). Hyperplasia of the capillaries was observed and vascular endothelial cell enlargement and an increase number of vascular endothelial 
cells was evident. WI, weighted imaging; ASL, arterial spin labelling; CBF, cerebral blood flow; DSC, dynamic susceptibility contrast; CBV, cerebral blood 
volume; r, relative.
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angiogenesis and corresponding blood flow are reflected in 
the perfusion imaging as an increase in the corresponding 
perfusion parameter values. In order to effectively extract this 
hemodynamic information, a diffusible tracer is injected which 
can travel within the vessels. Perfusion imaging can be divided 
into those that use an exogenous contrast agent and those that 
use an endogenous contrast. The former requires injection of 
paramagnetic contrast agents, such as gadolinium‑diethylene-
triamine pentaacetic acid, and includes DSC‑PWI. The latter 
refers to the ASL technique.

DSC‑PWI starts by rapid intravenous bolus injection of 
paramagnetic contrast agents. DSC‑PWI has two methods, 
including SE‑EPI and GRE‑EPI. SE‑EPI attains the T2‑weighted 
contrast and T2*‑weighted contrast in GRE‑EPI (13,14). When 
the contrast agent travels through nearby blood vessels, 
magnetic susceptibility differences between surrounding tissue 
can cause an uneven local magnetic field and accelerate protons 
to phase (a principle of DSC‑PWI) in the process. Therefore, 
T2 or T2* shortens, resulting in the signal of corresponding 
T2WI or T2*WI decreasing transiently. According to the rela-
tionship between signal intensity changes (caused by contrast 
agents passing through the local brain tissue blood vessels) and 
time, a time‑signal intensity curve is drawn. According to the 
curve, the relative value of the hemodynamic parameters can 
be obtained, and semi‑quantitative study can be conducted by 
comparing the ratios of the contralateral site and ipsilateral 
site (15‑17). For brain tumors, DSC‑CBV is the most commonly 
used parameter, while the DSC‑CBF is seldom used (18). In the 
present study, DSC‑CBV and DSC‑CBF parameters and their 
relative values ​​are determined.

ASL imaging is a technique using an endogenous contrast 
agent, i.e. by using the spin labeling of water in arterial 

blood (19). The initial application the 3D ASL in the present 
study demonstrated numerous clinical advantages compared 
with the DSC‑PWI exogenous contrast perfusion. 3D ASL 
reflects perfusion and better reflects the nature of perfusion. 
Therefore, 3D ASL can accurately evaluate glioma micro-
circulation information, reflecting the situation of tumor 
angiogenesis, and thus the glioma grade can more be accu-
rately assessed. 3D ASL technology achieved 1,000 times of 
continuous mark in 1.5 sec, and thus overcame the shortcom-
ings of traditional 2D ASL PASL, such as low signal:noise ratio 
and uneven perfusion effects in traditional pulse mark (20,21). 
So, 3D ASL can better evaluate glioma than DSC‑PWI and 
evaluate a number of regions of the brain which cannot be 
evaluated by traditional 2D ASL, such as temporal regions, 
regions near the base of the skull and other regions close to 
gas structures (22,23).

Recently, numerous studies have shown that CBF values 
obtained from ASL have a high correlation with DSC‑PWI 
CBF and CBV values through linear regression correlation 
analysis (24,25). Because there are individual differences in 
CBF value, in order to ensure accuracy of the quantitative 
measurement of CBF, the present study used a ratio of CBF 
values of white matter from the lesions side and the contralateral 
side as quantitative indicators to attain the relative CBF. Both 
MR perfusion imaging methods demonstrated that DSC‑rCBF, 
DSC‑rCBV and ASL‑rCBF increase with glioma grade. The 
relative classification values were significantly positively 
correlated (P<0.01) with pathological grade, and the maximum 
parameter in the correlation coefficients was ASL‑rCBF. The 
biggest area under the ROC curve was ASL‑rCBF. The area 
under the ROV of DSC‑rCBV was not statistically significant. 
ASL‑rCBF, DSC‑rCBF and DSC‑rCBV were cutoff at 2.24, 

Table IV. Comparison of the area under the ROC curve of the three parameters ASL‑rCBF, DSC‑rCBF and DSC‑rCBV.

Indicators	 Cutoff value	 Area	 Sensitivity (%)	 Specificity (%)	 Standard error	 P‑value

ASL‑rCBF	 2.24	 0.836	 83.2	 77.7	 0.057	 <0.0001
DSC‑rCBF	 1.85	 0.758	 91.3	 63.9	 0.070	 0.002
DSC‑rCBV	 1.68	 0.767	 91.3	 66.7	 0.070	 0.001

ROC, receiver operating characteristic; ASL, arterial spin labeling; rCBF, relative cerebral blood flow; DSC, dynamic susceptibility contrast; 
rCBV, relative cerebral blood volume.

Table V. Comparison of the area under the ROC curve of three parameters (ASL‑rCBF, DSC‑rCBF and DSC‑rCBV).

	 Estimate of
Indicators being	 the difference 	 Standard	 95% confidence	
compared	 between the AUC	 error	 interval	 χ2	 P‑value

DSC‑rCBV vs. ASL‑rCBF	 ‑0.0569	 0.0445	 (‑0.1441‑0.0303)	 1.6359	 0.2009
DSC‑rCBF vs. ASL‑rCBF	 ‑0.0681	 0.0428	 (‑0.1519‑0.0157)	 2.5360	 0.1113
DSC‑rCBF vs. DSC‑rCBV	  0.0112	 0.0131	 (‑0.0144‑0.0369)	 0.7342	 0.3915

ROC, receiver operating characteristic; AUC, area under curve; DSC, dynamic susceptibility contrast; rCBV, relative cerebral blood volume; 
ASL, arterial spin labeling; rCBF, relative cerebral blood flow.
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1.85 and 1.68, the sensitivities of diagnosis of HGGs were 
83.2, 91.3, and 91.3% and the specificities were 77.7, 63.9 and 
66.7%, respectively. This illustrates that rCBF and rCBV can 
be good indicators of hemodynamic response in gliomas, and 
can be used to assess the pathological grade of glioma prior 
to surgery.

3D ASL perfusion imaging is non‑invasive and does not 
require the injection of any exogenous contrast agent that may 
affect the physical, chemical and physiological properties of 
the blood. Therefore, 3D ASL retains the primitive physi-
ological or pathological conditions to obtain hemodynamic 
parameters (19). The results of 3D ASL have high repeatability 
and good economic value. The present study demonstrated 
that ASL‑rCBF had the largest area under the ROC curve, 
indicating that to some extent 3D ASL can replace the 
DSC‑PWI, which may be useful in intracranial tumor studies 
when patients are allergic to exogenous contrast agents or have 
renal insufficiency (26‑28). However, 3D ASL has a number 
of deficiencies compared with DSC‑PWI. Firstly, 3D ASL has 
a relatively poor signal:noise ratio. Secondly, 3D ASL cannot 
measure as many parameters as DSC‑PWI, and has only one 
CBF parameter, which limits its application. Nevertheless, 3D 
ASL is currently only in the initial stages of research, and it 
is believed that in the near future advances in this technology 
can overcome its shortcomings and make it widely applicable.

The present study had a number of limitations. Firstly, 
patients were collected in a short amount of time, the sample 
size was relatively small and measurement was somewhat 
biased (29,30). The potential for bias existed as if the head was 
tilted in the scan it would result in the marks on either side of 
the head not being at the same anatomic level and meaning 
the difference between the two sides would be inaccurate. 
Furthermore, the location of the arterial marker and the delay 
time are subjective and affected by human choice. Secondly, 
3D ASL scanning time is relatively long, and is not conducive 
to patient examination. In the future, the sample size will be 
increased and classification of the grading of glioma further 
refined in order to meet WHO grading standards.

In conclusion, the present study demonstrated that 3D ASL 
and DSC‑PWI perfusion imaging may be used to research the 
flow of blood to the brain glioma, help with preoperative clas-
sification and to help formulate the correct surgical procedure. 
3D ASL technology is a completely noninvasive, no contrast 
method of whole brain perfusion imaging. 3D ASL technology 
is able to be used on patients with renal insufficiency or 
bleeding, therefore increasing the clinical application of this 
technology.
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