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Abstract

On conventional magnetic resonance imaging (MRI), hemangioblastomas typically appear as mural nodules with an adjacent
surrounding cyst or a solid mass in the cerebellum. However, hemangioblastomas sometimes cannot be reliably dis-
tinguished using this imaging technique from other tumors, especially pilocytic astrocytomas and metastatic tumors,
because of their similar imaging findings and locations. Herein, we report three cases of cerebellar hemangioblastomas and
review their findings on conventional and advanced MRI, including diffusion-weighted imaging (DWI), dynamic
susceptibility-weighted contrast-enhanced perfusion-weighted imaging (DSC-PWI), and magnetic resonance spectroscopy
(MRS). Solid contrast-enhanced lesions of hemangioblastomas showed increased apparent diffusion coefficient values on
DWI], increased relative cerebral blood volume ratio on DSC-PWI, and high lipid/lactate peak on MRS. Therefore, advanced
MRI techniques can be helpful in understanding the pathological and metabolic changes of hemangioblastomas and may be
useful for their characterization.
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stromal cells with plump foamy cytoplasm and an abundant
capillary network.” HBs are subclassified into reticular and
cellular variants.>> Most HBs are the reticular variant,

Introduction

Hemangioblastomas (HBs) are classified as Grade I, mes-
enchymal, and non-meningothelial tumors according to the
World Health Organization’s classification of central ner-
vous system tumors.! They represent 1.5-2.5% of all in-
tracranial neoplasms and 7-12% of posterior fossa tumors.
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Additionally, HBs are most frequently present in the cer-
ebellar hemisphere and in individuals in their third to fifth
decades of life.” Moreover, 20% of cases are associated with
Von Hippel-Lindau (VHL) disease.” According to symp-
tomatology, the condition is dominated by cerebellar signs
of ataxia, dizziness, headache, and intracranial hyperten-
sion, which are strongly associated with tumor size and cyst
mass effect.”* Histologically, HBs are characterized by
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which shows abundant capillaries and stromal cells. The
cellular variant is less common than the reticular variant and
is predominantly composed of densely packed stromal cells.
On conventional magnetic resonance imaging (MRI), HBs
typically appear as mural nodules with an adjacent non-
enhancing surrounding cyst or solid and internal and/or
peripheral vessels located in the cerebellum.®’ However,
they sometimes cannot be reliably distinguished from other
tumors by conventional MRI, especially pilocytic astro-
cytomas (PAs) in adolescents® and metastatic brain tumors
(Mets) in adults,” because of their similar imaging findings
and locations. The application of advanced MRI tech-
niques, including diffusion-weighted imaging (DWI),” '
dynamic susceptibility-weighted contrast-enhanced perfusion-
weighted imaging (DSC-PWI),*%'"'1>715 and proton magnetic
resonance (MR) spectroscopy (MRS),*'®!” has a better chance
of assessing and distinguishing the functional and metabolic
differences between HBs and other tumors. We present three
cases of HB and review their findings on conventional and
advanced MRI, including DWI, DSC-PWI, and MRS.

Case history

Case |

A 35-year-old woman presented with a chief complaint of
headache lasting for 2 months. Conventional MRI showed a
cystic mass lesion with a mural nodule in the left cerebellar
hemisphere. The mural nodule appeared as high signal
intensity on T2-weighted images (T2WI) and was associ-
ated with flow voids. Moreover, the nodule was homoge-
neously enhanced, although the cyst wall was not enhanced.
The apparent diffusion coefficient (ADC) of the nodule was
1.6 x 107> mm?*/s. DSC-PWI showed an elevated regional
cerebral blood volume (rCBV) ratio; that is, the maximal
rCBV value (enhanced lesion)/the rCBV value (contralat-
eral normal white matter) was 12.42. The intensity—time
curve showed only a partial return to the baseline level due
to massive leakage of contrast media into the interstitial
space (Figure 1). The differential diagnoses included HB,
Mets, PA, and pleomorphic xanthoastrocytoma.

Case 2

A 32-year-old woman presented with headache, dizziness,
and sensory disorders of the bilateral lower limbs. Con-
ventional MRI revealed a nodular lesion in the left cere-
bellar hemisphere. The nodule appeared as slightly high
signal intensity on T2WI and was associated with perifocal
edema. Additionally, the nodule was homogeneously en-
hanced, with an ADC value of 1.3 x 10> mm?/s. The DSC-
PWI showed increased CBV of the nodule (Figure 2), but
the value could not be determined. Proton MRS with a short
echo time (TE) was performed using a 3T system. The

sequence, repetition time, TE, and measurement frequency
were point-resolved spectroscopy, 2000 ms, 36 ms, and 128
times, respectively. A single voxel measuring 16 x 25 x
21 mm was set up, which included the edematous cerebellar
region around the cerebellar enhanced nodule (Figure 2).
Proton MRS revealed slightly increased lipids and/or lactate
peak (Lip/Lac) between 0.9 and 1.4 ppm. The other spectra
were almost normal (Figure 2). The spectra obtained from the
voxel that included the edematous cerebellar parenchyma
around the enhanced lesion may have reflected the tumor as
well as a large part of the normal tissue. Five months later,
both the nodule and perifocal edema appeared slightly en-
larged on MRI. The differential diagnoses included HB,
Mets, PA, and small vascular malformations.

Case 3

An 84-year-old man complained of dysarthria and light-
headedness while walking. MRI revealed a mass lesion in the
left cerebellar hemisphere. The lesion appeared as high signal
intensity on T2WI and was associated with flow voids.
Moreover, the lesion was homogeneously enhanced, and DWI
showed that the mass was of low intensity. The ADC value of
the nodule was 2.3 x 10~> mm?/s. The DSC-PWI showed an
elevated rCBV ratio, that is, the maximal rCBV value (en-
hanced lesion)/the rCBV value (contralateral normal white
matter) was 12.27. The intensity—time curve showed only a
partial return to the baseline level, as seen in Case 1 (Figure 3).
Proton MRS with a short TE was performed using a 3T
system. A single voxel of size 16 x 20 x 15 mm was set up
within the mass lesion (Figure 3). The spectra obtained from
the voxel that included the entire enhanced lesion reflected the
tumor lesion without necrosis. MRS revealed prominent
Lip/Lac between 0.9 and 1.4 ppm. Other spectra, in-
cluding choline (Cho), n-acetylaspartate (NAA), and
creatine peak (Cr), were almost absent (Figure 3). The
differential diagnoses included HB and Mets.

A summary of the clinical data, MRI, and MRS findings
for these three cases with HBs is shown in Table 1. In all cases,
the tumors were completely excised and the histological
diagnosis was HBs. The stromal cells were positive for in-
hibin-a, D2-40, and S100 in immunohistochemistry tests.
VHL disease was ruled out by chest and abdominal computed
tomography and fundoscopic examination in each case. The
postoperative course was uneventful in all cases.

Discussion

The most common conventional MR patterns of HBs are
traditionally described as enhanced mural nodules with
adjacent non-enhanced surrounding cysts or enhanced solid
lesions.” Furthermore, HBs commonly (60—69% of cases)
have associated internal and/or peripheral signal flow voids,
consistent with the pathologically identified dilated afferent
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Figure I. Representative magnetic resonance imaging findings of
a 35-year-old woman with hemangioblastoma (Case ). (a) Axial
T|-weighted image (T1WI) showing a cystic mass lesion with a
mural nodule in the left cerebellar hemisphere. The cystic lesion is
low-intense, while the nodule (arrow) is slightly low-intense
compared to the cerebellum. (b) Axial T2WI showing flow voids
(arrow) in the mural nodule. (c) Axial contrast-enhanced T1WI
showing homogeneous enhancement of the mural nodule
(arrow) and no enhancement of the cyst wall. (d) Axial diffusion-
weighted image showing that the mural nodule (arrow) is
low-intense. (€) A corresponding apparent diffusion coefficient
(ADC) map showing increased ADC of the nodule (arrow). The
ADC valueis 1.6 x 1073 mm?/s. (f) Relative cerebral blood volume
(rCBV) map showing increased relative CBV (rCBV) of the
nodule. The rCBYV ratio, defined as the maximal rCBV (enhanced
lesion in yellow circle)/rCBV (contralateral normal white matter in
red circle), is 12.42. (g) The intensity—time curve showing only a
partial return to the baseline level (yellow line) due to massive
leakage of contrast media into the interstitial space.

and efferent vessels.®’ Traditionally, HBs have been clas-
sified into four morphologic patterns based on macroscopic
pathology.'® A cyst with a mural nodule type was the most
common (60%), followed by a solid tumor type (26%) and a
solid tumor with internal small cysts (9%), whereas a simple
cyst type was the least common (5%). However, a literature
review of 207 articles including 1759 infratentorial HBs
over 31 years' reported the solid tumor type to be the
most common (47.7%), followed by the cystic (26.3%)
and cystic with a mural nodule (21.3%) types. Both solid and
cystic types were the least common (4.7%). Regarding the
cystic component of HBs, the cyst wall is normally not
neoplastic and does not show enhancement on MRI.*"
However, there are some rare cases of HBs associated
with an enhanced cystic wall, which were confirmed by
histopathologic examination.”'** In addition, some cases of
HB with MRnon-enhanced neoplastic cyst walls have been
reported.”* In our cases, an enhanced mural nodule with an
adjacent non-enhanced surrounding cyst (Case 1) and purely
enhanced solid lesion (Cases 2 and 3) showed the common
conventional MR patterns of HBs. Internal and peripheral
signal flow voids were also observed in Cases 1 and 3.

MR measurement of the rCBV derived from DSC-PWI
is a useful parameter for evaluating angiogenesis in HBs. A
prominent elevation of rCBV has been reported in
HBs.”'""'3!15 HBs have abundant vessels within tumors due
to the overexpression of vascular endothelial growth factor,?
which causes a prominent increase in rCBV.

rCBYV ratios ranging from 7.7 to 16.65 for cerebellar HBs
have been reported.”'""'*"' In our cases, the rCBV ratios
calculated from the solid contrast-enhanced portion were
12.42% and 12.27% in Cases 1 and 3, respectively. While
the small nodular enhanced lesion in Case 2 also showed
increased rCBV, the value was not determined. The
prominent elevations of the rCBV ratios in our cases were
consistent with previous observations in HBs.

DWI has been widely used for the evaluation of brain
tumors. The ADC values represent the mobility of free
water molecules within tissues and appear to be correlated
with tumor cellularity. The ADC values for most cerebellar
tumors, including Mets, are similar to or lower than those of
the cerebellar parenchyma.'®?* In contrast, increased ADC
has been reported in cerebellar HBs, with values in the range
of 1.27-1.55 x 10~ mm?/s.°~'"-* HBs are characterized by
the presence of a network of capillary-like channels sepa-
rated by stromal cells. The increased ADC values could be
attributed to the high vascular spaces of capillaries as well as
low cellular attenuation in HBs.”!® In contrast, cellular
variants of HBs showed reduced ADC values, which may
reflect the hypercellularity of stromal cells with fewer
capillaries.”” In our cases, the ADC values obtained from
the solid contrast-enhanced portion were 1.6 x 10> mm?/s,
1.3x1073 mmz/s, and 2.3 x 10> mm?/s in Cases 1,2, and
3, respectively. The differences in ADC may have resulted
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Figure 2. Representative magnetic resonance imaging and
magnetic resonance spectroscopy findings of a 32-year-old
woman with hemangioblastoma (Case 2). (a) Axial TI-weighted
image (T1WVI) showing a low-intensity edematous lesion in the left
cerebellar hemisphere. The nodular lesion (arrow) is unclear. (b)
Axial T2WI showing a slight high-intensity nodule (arrow) with
perifocal edema. (c) Axial contrast-enhanced TIWI (CE-TIWI)
showing homogeneous enhancement of the nodule (arrow). (d)
Axial diffusion-weighted image showing that the nodule is unclear
(arrow). (e) A corresponding apparent diffusion coefficient (ADC)
map showing slightly increased ADC of the nodule (arrow). The
ADC value is 1.3 x 10~ mm?s. (f) Relative cerebral blood volume
(rCBV) map showing increased rCBV. (g) The volume of interest
(VOI) for magnetic resonance spectroscopy with short echo time
(36 ms) in axial CE-TIWI (square). The VOI includes the edematous
cerebellar region around the cerebellar tumor nodule. The VOI
measures 16 X 25 x 2] mm. (h) The spectra showing slightly
increased lipid and/or lactate peak. Other spectra, including choline,
n-acetylaspartate, and creatine peaks, are almost normal.
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Figure 3. Representative magnetic resonance imaging and
magnetic resonance spectroscopy findings of an 84-year-old
man with hemangioblastoma (Case 3). (a) Axial T1-weighted
image (TIWI) showing a homogenous low-intense mass lesion
(arrow) in the left cerebellar hemisphere. (b) Axial T2WI
showing flow voids (arrow) in the mass lesion with perifocal
edema. (c) Axial contrast-enhanced TIWI (CE-TIWI) showing
homogeneous enhancement of the mass lesion (arrow). (d)
Axial diffusion-weighted image (DWVI) showing the low-intensity
mass lesion (arrow). (e) A corresponding apparent diffusion
coefficient (ADC) map showing increased ADC of the nodule.
The ADC value of the circle is 2.3 x 1073 mm?s. (f) Relative
cerebral blood volume (rCBV) map showing increased CBV. The
rCBY ratio, defined as the maximal rCBV (enhanced lesion—
yellow circle)/rCBV (contralateral normal white matter—red
circle) is 12.27. (g) The intensity—time curve showing only a partial
return (yellow line) to the baseline level due to massive leakage
of contrast media into the interstitial space. (h) The volume of
interest (VOI) for magnetic resonance spectroscopy with short
echo time (36 ms) in the axial CE-TIWI (square). The VOI
includes the entire enhanced lesion without necrosis. The VOI
measures 16 x 20 x 15 mm. (i) The spectra showing prominent
lipid and/or lactate peaks. Other spectra, including choline, n-
acetylaspartate, and creatine peaks, are almost absent.
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Table I. Summary of the clinical data and MRI and MRS findings for cerebellar hemangioblastomas.
ADC map/ Cho
Clinical VHL Conventional ADC value rCBY map/ NAA
Case Age/sex presentation Ope findings IH MRI findings (107 mm?s) rCBV ratio Lip-lac Cr
| 35/F * Headache TR Negative Inhibin-a  Cyst with Increased/|.6 Increased/  NA NA
D2-40 nodule 12.42 NA
with FV NA
2 32/F * Headache TR Negative Inhibin-a  Solid nodule  Increased/l.3 Increased/  + +
- Dizziness S100 without FV NA +
* Sensory +
disorders
3 84/M + Dysarthria TR Negative Inhibin-o.  Solid mass Increased/2.3 Increased/ + + -
- Lightheadedness S100 with FV 12.27 -

MRI: magnetic resonance imaging; MRS: magnetic resonance spectroscopy;

Ope: operation; VHL: Von Hippel-Lindau disease; IH: positive immuno-

histochemistry tests for stromal cells; ADC: apparent diffusion coefficiency; rCBV: relative cerebral volume; Lip-Lac: lipid and/or lactate; Cho: choline;
NAA: N-acetylaspartate; Cr: creatine; FV: flow void; TR: total resection; NA: not available; +: present; + +: elevated; — absent.

Table 2. Comparisons of general imaging features of hemangioblastomas, pilocytic astrocytomas, and metastatic tumors on

conventional and advanced MRI.

Hemangioblastomas

Pilocytic astrocytomas Metastatic tumors

Age Adults

Morphology  Cyst with a mural nodule, solid, cyst, solid and cyst
Number Single

Flow voids  +

rCBV Prominent increased

ADC Increased

Lip/Lac + (Lip)

Cho —or+

NAA -

Children Adults
Cyst with a mural nodule, Solid  Solid with necrosis
Single Multiple > single

- +

Mild increased
Iso to increased

Mild to prominent increased
Decreased to mild increased

+ (Lac) + (Lip/Lac)
++ ++
+ -

MRI: magnetic resonance imaging; rCBV: cerebral blood volume; ADC: apparent diffusion coefficiency; Lip/Lac: lipid and/or lactate; +: present; Cho:

choline; - : absent; + +: elevated; NAA: N-acetylaspartate.

from the differences in their histologic findings, especially
those predominantly composed of capillaries or stromal
cells in HBs.

MRS provides complementary metabolic and histologic
marker information about brain tumors that could help in
distinguishing brain tumors and tumor grading.”*~*° How-
ever, few studies have examined the MRS findings of
cerebellar HBs. Prominent Lip, low creatine (Cr), absence
of N-acetylaspartate (NAA), and increased choline (Cho) in
HBs have been reported.®'®!” The presence of Lip/Lac may
be associated with lipid droplets contained in the stromal
cells of HBs.>® Both Cases 2 and 3 showed increased Lip/
Lac on MRS. In Case 3, prominent Lip/Lac and almost
absent NAA, Cr, and Cho were observed. In brain tumors,
the presence of Lip/Lac often indicates the presence of
necrotic tissue, which is an indicator of malignancy and
poor prognosis.’’>! However, in Case 3, the spectra ob-
tained from a voxel that included the entire enhanced lesion
reflected the tumor lesion without necrosis. Several reports

have shown prominent Lip/Lac for tumors without central
necrosis in PAs, malignant lymphoma, meningioma, and
HBs. The prominent Lip/Lac of 1.3 ppm, which is observed
in malignant lymphoma, meningioma, and HBs, mainly
corresponds to the Lip, whereas in PAs, it is mainly the
Lac.®2%% Hence, a high Lip/Lac without a necrotic com-
ponent on MRS is not specific but could be a characteristic
finding of HBs and may play an important role in the
differential diagnosis of cerebellar tumors.

The differential diagnoses of cerebellar HBs include
PAs, 21415 Mets,”!!  arterial-venous  malformation
(AVM), and intracranial aneurysms>*>® on conventional
MRI. Angiography may help distinguish between AVMs
and HBs.*® HBs may also coexist with intracranial aneu-
rysms due to hemodynamic disturbances and chemically
modulated mechanisms.*>*® PAs in adolescents and Mets in
adults are important tumors for the differential diagnosis of
HBs, namely, cysts with mural nodule type mimics PAs and
solid type mimics Mets. Advanced MRI techniques can help
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to differentiate PAs and Mets from HBs. HBs often show
prominent rCBV values, increased ADC values, and high
Lip/Lac without necrosis, while PAs show mildly increased
rCBV ratio ranges of 1.40-1.82,*"7 iso to increased ADC
value ranges of 1.11-1.64 x 107> mm?/5,%**"? and high
Lip/Lac without necrosis.®*** Finally, Mets show mild to
prominent increased rCBV ratio ranges of 2.55-
10.80,%'"-124945 decreased to mildly increased ADC values
ranges of 0.79-1.35 x 107> mm?/s,”'""'2#14244 and high
Lip/Lac with necrosis.***' The points for differentiation
between PAs and Mets from HBs are shown in Table 2.

In our cases, three advanced MRI techniques, namely,
DWI, DSC-PWI, and MRS, provided characteristic infor-
mation that is not available with conventional anatomic
MRI alone for the imaging diagnosis of cerebellar HBs.
Several studies have evaluated HBs using one of these three
advanced MRI techniques,'®'"*"'® few studies have evalu-
ated the usefulness of two of the three techniques for dif-
ferentiating between cerebellar HBs and other cerebellar
tumors,*”!'2® and no study has reported whether com-
bining all three advanced MRI techniques could help in
diagnosing HBs or more reliably differentiating HBs from
other tumors. High ADC, CBYV, and Lip/Lac are charac-
teristic findings of cerebellar HBs as described above. These
advanced MR imaging findings are useful in more reliable
diagnosis as shown in our cases. In addition to conventional
anatomical MRI, combining the results from the three
advanced MRI techniques may complementarily contribute
to a more accurate diagnosis of HBs.

In conclusion, we presented three cases of HBs and re-
viewed their findings on conventional and advanced MRI,
including DWI, DSC-PWI, and MRS. We observed common
conventional MR patterns of HBs (cyst with mural nodule type
or solid type) in each case. Moreover, solid contrast-enhanced
lesions of HBs revealed increased ADC values on DWI, in-
creased rCBYV ratios on DSC-PWI, and high Lip/Lac on MRS.
Advanced MRI techniques can be helpful in understanding the
underlying pathological and metabolic changes of HBs and
may be useful for the characterization of HBs by combining
results from the three advanced MRI techniques.
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