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Abstract: We comparatively analyzed the difference between three-dimensional arterial spin labeling (3D-ASL) and 
the conventional dynamic susceptibility contrast (DSC) perfusion imaging in the setting of assessing brain tumor 
perfusion in 28 patients with proved brain tumors. All patients were scheduled with standard MRI, 3D-ASL and DSC 
scannings on a GE DISCOVERY MR 750 system. Maximal relative tumor perfusion was obtained based on the region 
of interest (ROI) method. A close correlation between 3D-ASL and DSC perfusion imaging was noted as manifested 
by the absence of significant differences between ASL nTBF and DSC nTBF when normalized to M (mirror region) 
and GM (contralateral gray matter). However, ASL nTBF was found to be highly correlated with DSC nTBF and DSC 
nTBV when normalized to M, GM and WM (contralateral normal white matter). Together, our data support that 3D-
ASL possesses the potential to be a noninvasive alternate for DSC-MRI in assessing brain tumor perfusion in the set-
ting of treatment prognosis and metastasis, particularly for those patients with renal failure and patients required 
for collection of follow up information.

Keywords: Arterial spin labeling, dynamic susceptibility contrast perfusion imaging, brain tumor, magnetic reso-
nance perfusion imaging, correlation

Introduction

It has been well recognized that angiogenesis 
plays an essential role in tumor growth, inva-
sion and metastasis [1], while magnetic reso-
nance perfusion imaging serves as a novel tool 
to assess angiogenesis and capillary permea-
bility, which provides the feasibility for grading 
diagnosis and therapeutic follow-up of brain 
tumors. Currently, two major types of perfusion 
imaging methods are available to evaluate 
brain tumor perfusion. One depends on the 
exogenous tracers such as dynamic suscepti-
bility contrast (DSC) perfusion imaging, which 
allows simultaneous measurement of cerebral 
blood flow (CBF) and cerebral blood volume 
(CBV), while the other relies on the endogenous 
tracers such as water molecules in arterial 
blood applied in arterial spin labeling (ASL) [2].

During the process for arterial spin labeling per-
fusion imaging, water is used as a freely diffus-
ible intrinsic tracer, while arterial blood outside 
the imaging section is labeled by an inversion 
pulse. After a transit time from the labeling 
region to the imaging section, blood spins 
exchange with tissue water at the capillaries. 
Subtraction of a control image without prior 
labeling leaves the transported magnetization 
control image without prior labeling only, which 
results in a perfusion-weighted image, and CBF 
can be next quantified by using the general 
kinetic model. The major advantages of ASL are 
its noninvasiveness (lack of contrast agent 
requirement), less scanning duration, higher 
SNR, and potential for CBF quantification. 
Furthermore, it can be repeated in patients with 
failed control of sedation or motion. As a result, 
ASL has been used to assess cerebral perfu-
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sion in patients with acute ischemic stroke [3], 
Alzheimer disease [4], and posterior visual 
pathway diseases [5]. Altogether, these data 
suggest that ASL could be feasible for assess-
ing cerebral blood perfusion in patients with 
brain tumors. Indeed, there is suggestive evi-
dence that ASL could be an alternative for DSC 
perfusion imaging in assessing perfusion in 
brain tumors [1, 6-10]. We, thus, in the present 
report, conducted studies to evaluate the 
potential application of three-dimensional ASL 
in quantitative CBF measurements of brain 
tumors. 

Materials and methods

Patient population

A total of 34 patients with brain tumors were 
enrolled in this prospective study. The following 
inclusion criteria were applied: 1) the patient 
underwent both 3D-ASL and DSC examinations 
at the same 3T scanner; 2) the patient had no 
previous history of surgical resection, biopsy, or 
treatment of the tumor; and 3) the size for the 
tumor solid component (except for cyst, necro-
sis, calcification or hemorrhage) was greater 
than 3 cm in its shortest diameter, which was 
subsequently undergone resection or biopsy. 
Patients with motion artifacts or susceptibility 
artifacts that degrade ASL imaging, as well as 
those with underlying heart disease, hyperten-
sion, or vasculopathy which could alter ASL per-
fusion were excluded. Six patients were exclud-
ed because of severe susceptibility or motion 
artifacts. Therefore, 28 patients (15 female 
and 13 male patients with age from 5 to 67 
years old) were selected for the study, which 
include 15 meningiomas, 6 low-grade astrocy-
tomas (WHO grade I and II), 4 high-grade astro-
cytomas (WHO grade III and IV) and 3 metasta-
ses pathologically. The study was approved by 
the Tongji Hospital Ethnic Review Board, and 
informed consents were obtained from all study 
subjects.

Imaging protocol

All MR examinations were performed at 3T MR 
imaging (Discovery 750, GE Healthcare, Mil- 
waukee, Wisconsin) with a 32-channel phased 
array head coil. Vacuum cushions were put into 
the coil to hold the patient’s head still and 
reduce the noise in some way. The MR imaging 
protocols included axial T1-weighted imaging, 

T2-weighted imaging, 3D-ASL, DSC perfusion 
imaging and contrast-enhanced (CE) T1WI. 
Three-D ASL was performed by use of a pseu-
docontinuous labeling period of 1500 ms with 
a post labeling delay time of 1525 ms. Whole-
brain images were obtained with an interleaved 
3D stack of spirals fast spin echo (FSE) 
sequence and background suppression. 
Multiarm spiral imaging was used, with 8 arms 
and 1024 points acquired on each arm. A high 
level of background suppression was achieved 
by use of 4 separate inversion pulses spaced 
around the pseudocontinuous labeling pulse. 
The entire process took 4 min 38 seconds to 
complete which included proton attenuation.

All scans were performed in the axial plane. For 
accurate graphic prescription of 3D ASL, the 
sagittal image was obtained following the 
3-plane localizer. Other 3D ASL parameters 
were as follows: 34 axial slices; TR 4787 ms; TE 
14.6 ms; slice thickness 4.0 mm; FOV 24×24 
cm; Matrix 1024×8; NEX 3 and bandwidth 62.5 
kHz. DSC-MRI employed gradient echo echo-
planar imaging (GRE-EPI) sequence and the 
imaging parameters were: 20 axial slices; TR 
1500 ms; TE minimum; FOV 24×24 cm; slice 
thickness 5 mm; spacing 1.5 mm; FOV 24 
cm×24 cm; Matrix 128×96; Flip Angle 60; NEX 
1; bandwidth 62.5 kHz and acquisition time 1 
min 20 seconds. DSC-MRI was performed dur-
ing the administration of a standard 0.2 mmol/
kg dose of a Gd-based contrast agent 
(Magnevist, Bayer Schering Pharma AG, Berlin, 
Germany) at a rate of 3 ml/s with an MRI com-
patible power injector, followed by a flush of 20 
mL saline injected at the same rate.

Imaging processing and analysis

Data postprocessing was performed on the 4.5 
workstation, while 3D ASL and Brainstat soft-
wares were used for 3D ASL and DSC-MRI 
image analysis, respectively. ROIs (Regions of 
interest) were located in the maximum signal 
enhancement of the tumor (T) (at least 3 ROIs, 
showing the highest color levels of the solid 
portion of a tumor on semi-automatically 
obtained CBV and CBF maps and the values 
were averaged) and their mirror regions (M). 
ROI of the contralateral normal white matter 
(WM) was located at posterior limb of internal 
capsule, whereas ROI of the contralateral gray 
matter (GM) was located at the frontal cortex. 
Standard MR imaging including T2WI and 
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CE-T1WI was used to cross-reference solid por-
tions of the tumor to the 3D-ASL and DSC-MRI 
tumor blood flow maps. Effort was made to 
localize ROI on ASL CBF and on DSC-MRI maps 
(rCBF and rCBV) at the same position. Areas of 
cyst, necrosis, calcification, hemorrhage and 
large vessels were avoided. A board-certified 
experienced neuroradiologist (6 years of experi-
ence) with a Certificate of Added Qualification 
blinded to clinical and pathologic data selected 
ROIs. Another blinded board-certified neurora-
diologist with a Certificate of Added Qualification 
(20 years of experience) independently con-
firmed the appropriate ROI placement.

To correct for age-dependent and patient-
dependent variations of mean cerebral perfu-
sion [11], maximal tumor blood flow was nor-
malized to a 150-mm2 ROI in the contralateral 
gray matter to produce the maximal relative 
tumor blood flow (rTBF) [12]. Previous studies in 
tumor perfusion have used various brain 
regions as the internal references, including 
contralateral white matter [13, 14], gray matter 
[15-18], or the cerebellum [10]. In the present 
study, we used all three above mentioned 
regions as the reference regions to reach the 
best normalization.

A quantitative analysis was performed with 
mean value of ROI for T divided by the mean 
value of reference ROIs for M (or WM, GM). 
Values for normalized tumor blood flow (nTBF) 
[14] were thus estimated based on ASL CBF 
(ASL nTBF) and DSC rCBF maps (DSC nTBF). 
Values for normalized tumor blood volume (DSC 
nTBV) were produced by the corresponding pro-
cedure on DSC rCBV maps.

Statistical analysis

Paired t test was applied to compare ASL and 
DSC measurements. Linear regression and 
Pearson’s correlation were employed to evalu-

ment between ASL and DSC

We first sought to demonstrate the values nor-
malized to M, WM and GM for tumor blood flow 
and blood volume using ASL (ASL nTBF) and 
DSC perfusion imaging (DSC nTBF and DSC 
nTBV), respectively. Comparative studies were 
next conducted, and we failed to observe a sta-
tistical difference between ASL nTBF and DSC 
nTBF when the mirror and the contralateral nor-
mal gray matter regions were used as the refer-
ence standards (Table 1). Perfusion examples 
for different types of brain tumors are shown in 
Figures 1-4.

Correlations between ASL and DSC quantita-
tive measurements

The relationship between the mean ASL nTBF 
and DSC nTBF values in all cases is shown  
in Figure 5. A highly significant correlation 
between ASL nTBF and DSC nTBF was noted by 
Pearson’s correlation analysis when all select-
ed three regions (M, GM, WM) were used as the 
reference standards. Particularly, when the mir-
ror region was employed as a reference, much 
higher correlation coefficient (R=0.807) was 
obtained as compared with that of other two 
reference regions [R=0.737 (GM) and 0.729 
(WM), respectively].

Similarly, Pearson’s correlation analysis was 
employed to demonstrate the relationship 
between the mean ASL nTBF and DSC nTBV val-
ues in all cases. A significant correlation was 
detected when all three selected regions (M, 
GM, WM) were used as the reference stan-
dards. However, when the mirror region was 
used as a reference, the correlation coefficient 
was much more significantly (R=0.780) than 
that of GM (R=0.621) or WM region (R=0.616) 
as the reference standards (Figure 6).

Finally, we conducted analysis for the scatter 
diagram of the mean DSC nTBF and DSC nTBV 

Table 1. Quantitative perfusion analysis between ASL and DSC
Reference Region ASL nTBF DSC nTBF DSC nTBV
M 2.36 ± 1.27**,o 2.64 ± 1.50Δ,o 2.98 ± 1.77Δ,**

GM 1.83 ± 1.00o 1.60 ± 0.865Δ,o 1.92 ± 1.210Δ,o

WM 2.67 ± 1.48*,** 4.82 ± 2.51*,Δ 5.70 ± 3.33Δ,**

*, statistical difference between ASL nTBF and DSC nTBF; Δ, statistical differ-
ence between DSC nTBF and DSC nTBV; **, significant difference between ASL 
nTBF and DSC nTBV; o, significant difference between ASL nTBF and DSC nTBF 
or between DSC nTBF and DSC nTBV.

ate the correlations among quanti-
tative results. Statistical analyses 
were carried out using software 
SPSS for Windows (version 17.0, 
SPSS, Chicago, Ill), and in all 
cases, p < 0.05 was considered 
with statistical significance.

Results

Quantitative perfusion measure-
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values in all cases, and assessed Pearson’s 
correlation coefficient between DSC nTBF and 

DSC nTBV. Remarkably, very significant correla-
tions between DSC nTBF and DSC nTBV values 

Figure 1. A 45-year-old woman with meningioma in the right frontal region. CE-T1WI (A), ASL perfusion map (B), DSC 
rCBF map (C), and DSC rCBV map (D) demonstrated that meningioma was homogeneously hyperperfused on both 
ASL perfusion map and DSC maps.

Figure 2. A 56-year-old man with tumor metastasis (primary lesion was renal clear cell carcinoma) in the right frontal 
lobe. CE-T1WI (A), ASL perfusion map (B), DSC rCBF map (C), and DSC rCBV map (D) demonstrated that the lesion 
was mainly hyperperfused, but hypoperfusion was noted in necrotic region in the central on both ASL perfusion map 
and DSC maps.

Figure 3. Grade II astrocytoma in a 55-year-old man located in the right insular lobe. CE-T1WI (A), ASL perfusion 
map (B), DSC rCBF map (C), and DSC rCBV map (D) showed that the lesion was predominantly hypoperfused with 
linear hyperfusion near the right sylvian fissure on the ASL perfusion map, and was homogeneously hypoperfused 
on DSC maps.
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were detected once our data normalized to M 
(a, R=0.984), GM (b, R=0.959) and WM (c, 
R=0.962), respectively (Figure 7). Taken all 
data together, our studies support that 3D-ASL 
could be a viable tool to serve as a non-invasive 
alternate for DSC-MRI in the setting of assess-
ing treatment prognosis and metastasis of 
brain tumors.

Discussion

Our data demonstrated evidence supporting a 
close correlation between ASL and DSC perfu-
sion imaging approach. Comparison was car-
ried out between measurements of normalized 
CBF from ASL and the corresponding CBF from 
DSC in 28 tumors covering three types of intra-
cranial tumors, and the results were compara-
ble in terms of normalized CBF measurements 
in brain tumors. These data suggest that ASL-
based normalized CBF could be served as a 
viable biomarker for quantitative analysis of 
blood perfusion in patients with brain tumors. 
Our results are consistent with previous studies 
in which characterization of cerebral perfusion 
by ASL and DSC-MRI were comparable in brain 
tumors [6-9].

To improve SNR and the accuracy of tumor 
blood flow measurements, we normalized our 
data to correct age-dependent and patient-
dependent effect, and to reduce the effect 
caused by the elevated intracranial pressure 
from brain tumors. It is worthy of note, when all 
three selected regions (M, GM and WM) were 
used as the reference standards, a significant 
correlation was detected between ASL nTBF 
and DSC nTBF, and no statistical difference for 
ASL nTBF and DSC nTBF was noted when M and 

GM were served as the internal references. 
Together, these findings suggest that ASL nCBF 
could be an alternative for DSC nCBF, which 
might be a marker of quantitative perfusion 
parameters in patients with brain tumors.

We also found that the mean CBF values 
derived from DSC was significantly higher than 
that from ASL when normalized to WM. This 
result is possibly caused by the underestima-
tion of WM CBF in ASL due to relatively long 
transit times and perfusion values in the lower 
range of measurable flow [19, 20]. A previous 
study demonstrated a higher ASL nCBF value of 
tumor to GM ratio obtained with ASL as com-
pared with that obtained from DSC method, 
which renders detection and delineation of 
tumors feasible [21]. A similar trend was noted 
in our study, and this phenomenon could be 
demonstrated on some 3D-ASL CBF maps 
compared to DSC-MRI maps, since a larger dif-
ference in signal enhancement was indeed 
seen between the tumor and brain cortex 
(Figures 1, 2 & 4), but it was undetectable in all 
of our ASL images (Figure 3). In one patient 
with WHO grade II astrocytoma in the right insu-
lar lobe, the difference for signal enhancement 
between tumor and brain cortex was not so 
prominent, and a small part of hyperfusion 
near the right sylvian fissure in this predomi-
nantly hypoperfused tumor was noted in 
3D-ASL perfusion map, which might be caused 
by the intravascular spin-labeling or elevated 
mean transit time [22].

Of note, a significant correlation between ASL 
nTBF and DSC nTBF and nearly a complete cor-
relation between DSC nTBF and DSC nTBV can 

Figure 4. Grade IV astrocytoma in a 60-year-old woman located in the left parietal lobe. CE-T1WI (A), ASL perfusion 
map (B), DSC rCBF map (C), and DSC rCBV map (D) indicated a hyperperfused mass with hypoperfused necrosis 
and peripheral edema.
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Figure 5. Scatter diagram of ASL nTBF and DSC nTBF values normalized to M (A), GM (B) and WM (C). Significant correlations (R=0.807, 0.737 and 0.729, respec-
tively) were noted between ASL nTBF and DSC nTBF.

Figure 6. Scatter diagram of ASL nTBF and DSC nTBV values normalized to M (A), GM (B) and WM (C). Significant correlations (R=0.780, 0.621 and 0.616, respec-
tively) were detected between ASL nTBF and DSC nTBV.
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Figure 7. Scatter diagram of DSC nTBF and DSC nTBV values normalized to M (A), GM (B) and WM (C). Very significant correlations (R=0.984, 0.959 and 0.962, 
respectively) were obtained between DSC nTBF and DSC nTBV.
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be reached once T, GM and WM were taken as 
the reference region. Specifically, when normal-
ized to M, a highly significant correlation 
(R=0.780) was detected, while only moderate 
correlations could be noted when normalized to 
GM and WM (R=0.621 and 0.616, respective-
ly). In general, a relatively normalized perfusion 
value of brain tumor perfusion is sufficient in 
clinical setting, and in fact, many published 
MRI studies employed DSC nCBV in brain tumor 
perfusion evaluation [14, 23, 24]. The R value 
listed above confirms that ASL nCBF and DSC 
nCBF may be as good in the assessment of 
brain tumor perfusion as DSC nCBV. Therefore, 
ASL nTBF and DSC nTBF may possess equal 
predictive effect as DSC nTBV on the evaluation 
of tumor angiogenesis. Indeed, both techniques 
demonstrated similar hemodynamic character-
istics of meningiomas, gliomas and metasta-
ses, and were able to detect heterogeneous 
blood flow distribution within an individual 
tumor.

The low cost, low risk of nephrogenic systemic 
sclerosis, immediate availability, and easy 
quantification without extensive postprocess-
ing have rendered ASL a promising tool in tumor 
angiogenesis assessment and glioma grading 
[7, 9, 18, 25]. Particularly, its higher tumor to 
gray matter contrast and absence of suscepti-
bility signal loss made tumor detection and 
delineation much easier. On the other hand, in 
order to avoid repeated contrast injections, 
3D-ASL perfusion MRI could be a better choice 
to monitor and follow-up brain tumor treatment. 
The potential application of 3D-ASL perfusion 
MRI in distinguishing pediatric high-grade and 
low-grade tumors [10] would benefit pediatric 
patients with brain tumors because of no 
requirement for contrast media, high SNR, high 
labeling efficiency [26],  and CBF quantification. 
Just as one coin has two sides, 3D-ASL perfu-
sion MR has several limitations manifested by 
longer scanning time than that of DSC perfu-
sion MRI and lower spatial resolution.

Although data resulted from our current study 
are exciting and encouraging, several limita-
tions should be considered. The study only 
included a small number of patients, especially 
for those patients with high-grade and low-
grade gliomas and patients with metastases. 
As a result, a larger sample size would be nec-
essary to confirm our data and to establish the 
perfusion differences of different types of brain 

tumors. It is possible that underestimation of 
ASL tumor blood flow in the case of tortuous 
vasculature from angiogenesis could be due to 
the delay of signal arrival. Indeed, underestima-
tion of ASL CBF in brain regions with delayed 
flow such as the white matter has been noted 
in previous investigations [20]. Alternatively, 
overestimation of tumor blood flow could also 
be present in the case of vascular shunting.

In summary, we demonstrated the correlation 
between 3D-ASL and DSC-MRI by employing 
multi-parametric normalized methods of brain 
tumor perfusion. The correlation between 
3D-ASL and DSC-MRI suggests that blood vol-
ume and flow in tumors is coupled. Given that 
no contrast injection is required, 3D-ASL could 
be a viable tool to serve as a non-invasive alter-
nate for DSC-MRI in the evaluation of perfusion 
in brain tumors, particularly for those patients 
with renal failure and patients required for col-
lection of follow up information.
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