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Abstract

Introduction Hemangioblastomas and pilocytic astrocytomas
(PAs) present similar imaging features on conventional MR
imaging, making differential diagnosis a challenge. The pur-
pose of this study was to evaluate the usefulness of dynamic
susceptibility-weighted contrast-enhanced perfusion-
weighted imaging (DSC-PWI) and proton MR spectroscopic
imaging in the differentiation of hemangioblastomas and PAs.
Methods A 3.0-T MR imaging unit was used to perform
DSC-PWI and conventional MR imaging on 14 patients with
hemangioblastomas and 22 patients with PAs. Four patients
with hemangioblastomas and 10 PA patients also underwent
proton MR spectroscopy. Parameters of relative peak height
(rPH) and relative percentage of signal intensity recovery
(rPSR) were acquired by DSC-PWI and variables of N-
acetylaspasrtate (NAA)/creatine (Cr), choline (Cho)/Cr, and
lactate-lipid (Lac-Lip)/Cr by MR spectroscopy. The sensitiv-
ity, specificity, and the area under the receiver operating
characteristic curve of all analyzed parameters at respective
cutoff values were determined.

Results Higher rPH but lower rPSR values were detected in
hemangioblastomas compared to PAs. The NAA/Cr ratio was
significantly lower in hemangioblastomas compared with
PAs. The threshold values >3.2 for rPH provide sensitivity,
specificity, positive predictive values, and negative predictive
values of 85.7, 95.5, 92.3, and 91.3 %, respectively, for
differentiating hemangioblastomas from PAs. The optimal
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threshold values were <0.9 for rPSR and <1.5 for NAA/Cr
ratios in tumor.

Conclusion Significantly higher rPH and lower NAA/Cr were
seen in patients with hemangioblastomas when compared
with PA patients, suggesting that DSC-PWI and proton MR
spectroscopy are helpful in the characterization and differen-
tiation of these two types of tumors.
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Introduction

Hemangioblastomas and pilocytic astrocytomas (PAs) are two
types of brain tumors most commonly occur in the cerebel-
lum. Hemangioblastomas and PAs are both benign in nature
and are classified as grade I according to the World Health
Organization [1]. They are potentially curable by surgical
resection and are associated with a longer survival [2, 3].
However, hemangioblastomas are more vascular than PAs,
which has important surgical and clinical implication. The
surgical resection of hemangioblastomas could lead to high
mortality and morbidity rates, which is often related to the
complication of excessive bleeding [4, 5]. Thus, a reliable
preoperative differentiation between them is important. Un-
fortunately, the two entities cannot be reliably distinguished
on conventional magnetic resonance imaging (MRI) because
of their similar imaging findings and locations, typically
appearing as a cystic mass with an enhancing mural nodule
in the cerebellum [3, 6].

Given that differentiation of hemangioblastomas and PAs
is challenging to radiologists, advanced MR imaging tech-
niques including dynamic susceptibility-weighted contrast-
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enhanced perfusion-weighted imaging (DSC-PWI) and pro-
ton MR spectroscopy (MRS) can supplement physiological
and metabolic information to the anatomical MR imaging.
The perfusion-weighted imaging that provides the noninva-
sive morphologic and functional status of the tumor micro-
vasculature can be helpful in the preoperative evaluation and
grading of brain tumors [7-9]. MR measurement of relative
cerebral blood volume (rCBV) has become one of the most
robust and standard hemodynamic variable used in the char-
acterization of the brain tumors. However, the rtCBV measure-
ments are often complicated by disruption or lack of a blood-
brain barrier within the tumor vessels, which requires a cor-
rection for the overestimation or underestimation of rCBV
consequent to contrast material leakage during the first pass
[10]. Moreover, rCBV measurements do not provide any
information on capillary permeability. Two new hemodynam-
ic variables derived from DSC-PWI, the peak height (PH) and
the percentage of signal intensity recovery (PSR) have been
shown to provide additional information on tumor capillary
volume and capillary permeability [11, 12], respectively. MR
spectroscopy provides complementary metabolic and histo-
logic marker information about brain tumors, which may
distinguish brain tumors and assist in tumor grading [13, 9,
14]. Although hemangioblastomas mimic PAs in their imag-
ing appearance on conventional MRI, a large body of evi-
dence has demonstrated that hemangioblastomas present his-
tologic aspects and tumor origin very distinct from those
found in pilocytic astrocytomas. Thus, application of ad-
vanced MR imaging techniques may have a better chance to
assess and distinguish the functional and metabolic differ-
ences occurring between hemangioblastomas and pilocytic
astrocytomas.

There are a few reports that evaluated the advanced MR
imaging features of hemangioblastomas with respects to cap-
illary volume and permeability on DSC-PWI [15, 16] and
metabolism on MRS [17]. The purpose of this study was to
determine whether 3-T MR spectroscopy and DSC-PWI can
be used to differentiate between hemangioblastomas and PAs
on the basis of differences in metabolite levels and microvas-
culature in the tumor.

Materials and methods
Patients

The Institutional Review Board of our hospital approved
this retrospective study and patient informed consent
was waived. MR imaging examinations (conventional,
DSC-PWI, and MR spectroscopy) were performed from
July 2010 to July 2014. The presence of the
hemangioblastomas or PAs was histologically confirmed
after surgical resection. Patients with previously treated,
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multiple brain lesions, or nonenhancing tumor were
excluded. MR imaging studies of 36 patients were
reviewed. Fourteen patients had hemagioblastomas (7
men, 7 women, aged 21-64 years with a mean age,
39.1+14.8 years), and 22 had PAs (13 men, 9 women,
aged 3-49 years with a mean of 17.8+11.0 years). MR
spectroscopy was performed on 4 patients with
hemangioblastomas and 10 patients with PAs.

MR techniques

The examinations were performed in the routine clinical
workup by using a 3-T MR scanner (Magnetom Verio TIM;
Siemens Healthcare, Germany) with an 8-channel head matrix
coil. The conventional MR imaging protocol consisted of the
following sequences: transverse T1-weighted spin-echo im-
aging (TR/TE 250 ms/2.48 ms), transverse T2-weighted turbo
spin-echo imaging (TR/TE 4000 ms/96 ms), transverse fluid-
attenuated inversion recovery (FLAIR; TR 9000, TE 94, TI
2500 ms) and three-planes contrast-enhanced gradient-echo
T1-weighted imaging (TR/TE 250 ms/2.48 ms) which was
acquired following the acquisition of DSC-PWI sequences. It
was uniform in all sequences about the field of view (FOV) at
220x220 mm, slice thickness of 5 mm, and intersection gap of
1.0 mm.

The DSC-PWI was performed with a gradient-
recalled T2*-weighted echo-planar imaging sequence.
The imaging parameters used were as follows: TR/
TE=1000-1250/54 ms, flip angle=35°, NEX=1.0,
FOV=220x%220, slice thickness=5 mm, and intersection
gap=1.0 mm. During the first three phases, images were
scanned before injecting the contrast agent to establish a
precontrast baseline. When the scan was to the fourth
phase of DSC-PWI, 0.1 mmol/kg body weight of
gadopentetate dimeglumine (GD-DTPA) was injected
with an MR-compatible power injector at a rate of
5 ml/s through an intravenous catheter placed in the
antecubital vein, followed immediately by a 20-ml con-
tinuous saline flush. The series of 20 sections, 60
phases, and 1200 images were acquired in 1 min and
36 s.

Single-voxel MR spectroscopy of the tumor was acquired
after administration of GD-DTPA in 4 patients with
hemangioblastomas and 10 patients with PAs. Using the
contrast-enhanced T1 sequence as reference for voxel place-
ment, single-voxel proton MR spectroscopy was performed
with point-resolved spatially localized spectroscopy (PRESS)
technique: TR 2000 ms, a short TE (30 ms), NEX 3, scan time
2 min and 33 s. A region of interest at 2 to 8 cm®, depending
on the size of the lesion, was placed on the enhancing parts of
the tumors with the aim of minimizing any partial volume
surrounding normal-appearing tissue.
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Data processing

Image postprocessing of perfusion data and perfusion mea-
surements was performed on an off-line SIEMENS worksta-
tion with standard software. To obtain maximum peak height
and maximum percentage of signal intensity recovery values,
four small round regions of interest (ROI) (size 3040 mm?)
were used. Regions of interest were placed on the original
gray-scale perfusion maps overlaid on enhancing tumor on
contrast-enhanced T1- and susceptibility-weighted images.
Contrast-enhanced T1- and susceptibility-weighted images
were used to ensure that ROI did not include necrotic, cystic,
hemorrhagic, or apparent blood vessel regions. This means for
the measurements of maximal abnormality provide the highest
interobserver and intraobserver reproducibility in rPH and
rPSR measurements [18]. To acquire relative (normalized)
values, all perfusion measurements from the tumors were
divided by values from the unaffected white matter of the
contralateral hemisphere. The T2*-weighted signal intensity
curves acquired for the regions of interest were analyzed. For
the T2*-weighted signal intensity curves, three major points
were identified: SI,os—the signal intensity at the end of the
DSC-PWI process, Sl,j,—the signal intensity at the mini-
mum of the signal intensity-time curve after contrast arrival,
and SI,.—the signal intensity at precontrast baseline. The
PSR was calculated with the following equation by Cha
etal. [9, 7]: PSR=(SIp0st=Slin)/(Slpre=SImin) X 100 %, while
the PH was calculated using the following equation: PH=
SImin_SIpre'

The MR spectroscopy data processing was performed on
an off-line workstation with standard software (SIEMENS).
Postprocessing steps including frequency shift, base-line cor-
rection, phase correction, peak fitting, and peak analysis were
performed automatically. The region between 0.2 and 4.0 ppm
of the spectra was analyzed, and the following metabolite
concentrations were evaluated: N-acetylaspasrtate (NAA) at
2.02 ppm; creatine (Cr) at 3.02 ppm; choline (Cho) at
3.22 ppm; lactate-lipid (Lac-Lip) at 0.5-1.5 ppm. The peak
area measurements were used to calculate NAA/Cr, Cho/Cr,
and Lac-Lip/Cr ratios.

Data analysis

All pilocytic astrocytomas and hemangioblastomas parame-
ters are presented as means+standard deviation (SD). A non-
parametric Mann-Whitney statistical test was applied to test
the differences in terms of quantitative variances between the
hemangioblastoma and PA groups. The receiver operating
characteristic analysis curve (ROC) was performed to decide
optimum thresholds and diagnostic accuracy of MRS, rPH,
and rPSR for differentiating hemangioblastomas from PAs.
The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and cutoff value associated

with each parameter of DSC-PWI and MRS as a function of
the threshold value were calculated to differentiate
hemangioblastomas from PAs. The cutoff values chosen were
those that provided highest sensitivity and specificity jointly.

Statistical analysis was performed in the Statistical Package
for the Social Sciences, Version 17.0 (Chicago, IL, USA). A P
value less than 0.05 was statistically significant.

Results

The main clinical and radiographic features of
hemangioblastomas and PAs in this study are summarized in
Table 1.

The maximum value of rPH and rPSR, calculated for
hemangioblastomas and PAs are shown in Table 2 and
Fig. 1. The rPH,,,, in patients with hemangioblastomas was
significantly higher than in those with PAs (5.0+2.7 versus
2.0£0.9, P<0.001). All lesions in the hemangioblastomas
group (100 %) displayed markedly elevated perfusion, while
only 9/22 (41 %) PAs showed mildly increased perfusion
(rPH>2.0). From the ROC analysis, with a threshold value
of >3.2 for rPH, the sensitivity, specificity, and accuracy in the
diagnosis of hemangioblastomas were 85.7, 95.5, and 91.7 %,
respectively.

In analyzing the percentage of signal intensity recovery,
there was a statistically significant difference between the
hemangioblastoma group and the PA group as noted in Table 2
and Fig. 1. The signal intensity in 14 PAs cases (14/22, 64 %)
exceeded that of the baseline after the first pass, whereas none
of hemangioblastoma group exceeded the baseline even at the

Table 1 The main clinical and radiographic features of
hemangioblastomas and pilocytic astrocytomas
Hemangioblastomas  Pilocytic
astrocytomas
Number of patients(male/female)  14(7/7) 22(13/7)
Age 39.1+14.8 17.8+11.0
Localization
Cerebellum 11 8
Cerebrum 2 3
Optic chiasm 1
Pons 6
Basal ganglia 1
Thalamus 2
Medulla 1
Lateral ventricular 1
MR appearance
Cyst and nodule 9 15
Solid with central cyst 5 7
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Table 2  Comparison of the PA and HGA groups with regard to the
variables of interest (mean+SD)

Hemangioblastomas  Pilocytic astrocytomas P value
rPH 5.0£2.7 2.0£0.9 <0.001
rPSR 0.5+0.3 1.0+£0.3 <0.001
NAA/Cr 0.9+0.6 2.1+1.1 0.036
Cho/Cr 22428 2.442.1 0.304
Lac-Lip/Cr  5.6+4.5 4.5+£59 0.635

end of the DSC imaging process. The relative percentage of
signal intensity recovery in hemangioblastomas was signifi-
cantly lower than that in PAs (0.5+£0.3 versus 1.0+0.3;
P<0.001). A threshold value of <0.9 for rPSR optimized
differentiation of hemangioblastomas and PAs with the sensi-
tivity, specificity and accuracy of 85.7 %, 81.8 % and 83.3 %,
respectively.

The NAA/Cr values in the PA group were significantly
higher than those in the hemangioblastoma group (Table 2 and

Fig. 2). There were no statistically significant differences
between the hemangioblastoma and PA groups in the remain-
ing metabolite ratios.

The sensitivity, specificity, PPV, NPV, and accuracy of
each MR imaging parameters for differentiation between re-
spective threshold values are shown in Table 3.

Discussion

In this study, we used multiple diagnostic parameters obtained
with DSC-PWI and MRS for possible preoperative differen-
tiation of hemangioblastomas and PAs, both of which can
have similar appearance on conventional MR imaging. Our
data showed that patients with hemangioblastomas demon-
strated significantly higher rPH, lower rPSR values, and lower
NAA/Cr ratios as compared with PAs.

The peak height, as its name applies, is defined as the
maximal signal intensity drop from the precontrast baseline

Fig. 1 Comparison of rPH and rPSR between hemangioblastoma and
pilocytic astrocytoma on PWI. b, e Original gray-scale perfusion maps
used for positioning of the regions of interest in the tumor. a—¢ A 44-year-
old woman with a solid-cystic hemangioblastomas in the left cerebellar
hemisphere. a Axial contrast-enhanced T1-weighted imaging showed
intense homogeneous enhancement in the solid portion of the tumor
and lack of enhancement of the cystic portion. b, ¢ The red region of
interest placed on the enhancing lesion to measure the maximum signal-
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intensity recovery showed a rapid steep signal drop with a tendency
returning to baseline, followed by a second, smaller dip. d—f A 23-year-
old man with a solid-cystic pilocytic astrocytomas in the right cerebellar
hemisphere. d Axial contrast-enhanced T1-weighted imaging showed
intense inhomogeneous enhancement in the solid portion of the tumor.
e, f The red region of interest placed on the enhancing tumor to measure
the maximum signal-intensity recovery demonstrated the overshooting of
the baseline on the recovery maps
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Fig. 2 Comparison of NAA/Cr,
Cho/Cr, and Lac-Lip/Cr ratios on
short-TE single-voxel MR spec-
troscopy in hemangioblastomas
and pilocytic astrocytomas. a, ¢
Axial contrast-enhanced T1-
weighted imaging was used for
positioning of the regions of in-
terest in the tumor.

a, b The solid homogenous en-
hancing hemangioblastoma in the
left cerebellar hemisphere had a
NAA peak. ¢, d Cystic solid
pilocytic astrocytomas located in
the cerebellar vermis also had an
NAA peak (d), but the NAA/Cr
ratio in this tumor was higher than
that found in the
hemangioblastomas (b)

during the bolus phase of the first pass of contrast agent. rPH
has been shown to correlate with rCBV [8] and thus reflect
total tumor capillary volume. Our finding that rPH was sig-
nificantly increased in hemangioblastomas is in a good agree-
ment with a previous observation showing the marked eleva-
tion of rCBV in hemangioblastomas [15, 19]. The differences
in either rTCBVs or rPH between hemangioblastomas and PAs
may be explained by distinct histological features of the two
tumor types. Hemangioblastomas have abundant tumor ves-
sels within lesions owing to strong expression of vascular
endothelial growth factors [20, 21], whereas PAs are sparsely
vasculatured in a wide interstitial space [22]. Furthermore, the

Table3  Cutoff values, sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of the different MRI parameters
to identify hemangioblastomas

Threshold Sensitivity Specificity PPV NPV  Accuracy

value® (%) (7o) o) (%) (%)
rPH >3.2 85.7 95.5 923 913 917
PSR <09 85.7 81.8 75 90 833
NAA/Cr <15 100 70 57.1 100 786

PPV positive predictive value, NP} negative predictive value

# Hemangioblastoma group

1 Integral

results of this study also demonstrated that rPH is a robust
parameter with high sensitivity (85.7 %) and specificity
(95.5 %) which would aid in differentiating
hemangioblastomas from PAs.

PSR is influenced by many factors including the perme-
ability of capillaries, the amount of contrast agent leakage, the
rate of blood flow, as well as the size of extravascular space [8,
9]. In our study, 64 % PA (14/22) showed that the signal time-
intensity curves crossed the baseline after the first pass, which
is consistent with those reported by Grand et al. [16]. In
contrast, all hemangioblastomas except one case exhibited a
distinct pattern of signal time-intensity curves characterized
by a rapid steep signal drop with a tendency returning to
baseline followed by a second but smaller dip. We found the
relative PSR at contrast-enhancing areas of
hemangioblastomas markedly lower than those in PAs. The
signal intensity for DSC-PWI is well known to be the com-
bined result of complex T1- and T2*-shortening effect from
the accumulation of contrast agent in the interstitial space of
lesion. The T1 effects caused higher signal-intensity recovery,
whereas the T2* effects lead to the opposite. When the T1-
shortening effects, due to accumulation of contrast agent in the
interstitial space, overwhelm the T2*-shortening effects, the
signal intensity increases and even exceed the baseline level.
In a study by Paulson et al. [23], the signal intensity overshoot
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from baseline was explained as T1 leakage effects resulting
from the contrast agent extravasation. The significant differ-
ence in the rPSR between hemangioblastomas and PAs in this
study may suggest that contrast agent leakage into the inter-
stitial space in PAs is more pronounced than that in
hemangioblastomas. In most PAs, domination of T1 effects
may derive from the abundant leakage of contrast agent caus-
ing the signal increase above the baseline. However, T2*
leakage effects were more evident in hemangioblastomas with
the signal not returning to the baseline. In addition, the tumor
vessels in hemangioblastomas often show cavernous appear-
ance [21] that may cause the reduction in blood flow rate, and
possibly the tumor with low blood flow rate might have a
lower recovery of the signal. However, T2* and T1 effects of
contrast agent in the extravascular space are complex and can
be affected by many factors such as the permeability of
capillaries, the amount of contrast agent leakage, the rate of
blood flow, as well as the size of extravascular space, leading
to different PSR [8, 9]. The high max rPSR (overshoot from
baseline) appeared to be indicative of PAs, while a low max
rPSR was very suggestive of hemangioblastomas. It may be
worth noting that 14 cases of infratentorial PAs and 8 cases of
supratentorial PAs recruited in the study presented similar
imaging characteristics, and there was no significant differ-
ence in the parameters of rPH and rPSR between the PAs
located in the posterior fossa and in the supratentorial region
(data not shown).

Proton MR spectroscopy can be used to acquire informa-
tion on the metabolism of brain tissue [17, 24]. NAA is
generally thought to present in high concentrations in the
normal neurons and axons, and its presence may be an indirect
marker for tumor composition according to the density of
residual neuronal cells within a tumor. Cho has been recog-
nized as a main component of membranes and could reflect
the rate of cellular membrane turnover and cellular density.
Lactate is an end product of the anaerobic glycolytic cycle
whose concentrations within a tumor may indicate the tumor
necrosis [25, 17]. The presence of lipids has been recognized
to originate from mobile lipid molecules as a result of tissue
necrosis and degradation [26]. To our knowledge, there are no
reports in the literature on the application of MRS to differen-
tiate hemangioblastomas from pilocytic astrocytomas. In this
study, we found that only NAA/Cr ratios in
hemangioblastomas were significantly lower than those in
PAs among all metabolite ratios analyzed. The NAA/Cr ratio
was decreased in both tumor types but much lower in
hemangioblastomas, which might be due to the different his-
togenesis and histological behavior between the two tumor
types. PAs have been recognized to rise through the neural
axis with infiltrative nature, whereas hemangioblastomas are
mainly composed of stromal cells of incompletely differenti-
ated, non-neuronal, and yet neuroectodermal nature [27]. Fur-
thermore, hemangioblastomas are usually well circumscribed
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and rarely infiltrate adjacent brain tissues [21]. Consistently,
this study showed that hemangioblastomas have no neuronal
cells or low attenuation of residual neuronal cells with the
lesions compared with pilocytic astrocytomas. In particular,
NAA was observed only in one case of hemangioblastomas in
our study, a phenomenon consistent with an MRS study of a
patient of hemangioblastomas reported by Isobe et al. [28].
Although necrosis is seldom found in PAs and
hemangioblastomas [17], we found Lac-Lip/Cr ratios in-
creased in both tumor types irrespective of no statistically
significant difference between them. The presence of Lac-
Lip in PAs without necrosis may be explained by mitochon-
drial dysfunction [17], while in hemangioblastomas, it may be
attributed to lip droplets contained in stromal cells [21].

Our study has a few limitations. The most significant
limitation of this study was its retrospective nature, which
may have led to bias in patient selection and the small popu-
lation of cases with MRS examination, especially for the
hemangioblastoma groups with only four patients. Another
limitation of this study was that we chose a short TE of 35 ms
for MRS, which may have the possibility, if any, of being not
able to separate the lactate peak from the lipid peak because
both appear at 1.33 ppm above the baseline. Further prospec-
tive studies with a larger number of cases are warranted.
Lastly, although single-voxel MRS employed in this study
could give a better signal-to-noise ratio with a shorter acqui-
sition time as compared with multivoxel MRS technique, it
may overlap a solid component of brain tumors with a cystic
one or normal brain tissue and precise positioning of a voxel
after data acquisition is not allowed.

Conclusions

To the best of our knowledge, this is the first demon-
stration to date that dynamic susceptibility perfusion-
weighted and spectroscopic MR measurements in the
enhancing tumoral region were able to differentiate
hemangioblastomas from pilocytic astrocytomas. Higher
rPH and lower rPSR values appear to favor a diagnosis
of hemangioblastomas, while higher NAA/Cr ratios in
tumor favor a diagnosis of pilocytic astrocytomas.
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