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Abstract

Background 1t is difficult to diagnosis early stage germ cell
tumors originating in the basal ganglia, but early recognition is
important for better outcome.

Objective To evaluate serial MR images of basal ganglia germ
cell tumors, with emphasis on the features of early stage tumors.
Materials and methods We retrospectively reviewed serial MR
images of 15 tumors in 14 children and young adults. We cat-
egorized MR images of the tumors as follows: type I, ill-defined
patchy lesions (<3 cm) without cyst; type II, small mass lesions
(<3 cm) with cyst; and type 111, large lesions (>3 cm) with cyst.
We also assessed temporal changes of the MR images.
Results On the initial images, 8 of 11 (73%) type I tumors
progressed to types II or III, and 3 of 4 (75%) type II tumors
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progressed to type III. The remaining 4 tumors did not change
in type. All type II tumors (5/5, 100%) that changed from type
I had a few tiny cysts. Intratumoral hemorrhage was observed
even in the type I tumor. Ipsilateral hemiatrophy was observed
in most of the tumors (13/15, 87%) on initial MR images. As
tumors grew, cystic changes, intratumoral hemorrhage, and
ipsilateral hemiatrophy became more apparent.

Conclusion Early stage basal ganglia germ cell tumors appear
as ill-defined small patchy hyperintense lesions without cysts
on T2-weighted images, are frequently associated with ipsi-
lateral hemiatrophy, and sometimes show microhemorrhage.
Tumors develop tiny cysts at a relatively early stage.

Keywords Adolescent - Basal ganglia - Child - Early stage -
Germ cell tumor - Magnetic resonance imaging - Serial images

Introduction

Intracranial germ cell tumors usually originate in the pineal,
suprasellar or other midline region but rarely in the basal gan-
glia or thalamus [1-3]. Children with early stage germ cell
tumors in the basal ganglia frequently present with vague
symptoms such as slowly progressive hemiparesis and cogni-
tive decline [4]. Neuroimaging findings are often subtle [5-8],
which can delay diagnosis until an advanced disease stage,
when classic images show overt large masses with
intratumoral hemorrhage and various-size cysts [3, 5, 7-10].

Because germ cell tumors are relatively radiosensitive and
potentially curable [1, 2], early recognition is important for better
outcome. Therefore, many reports have described early MRI
findings of germ cell tumors in the basal ganglia [5-7, 11, 12].
Early stage germ cell tumors usually appear as ill-defined hyper-
intense lesions on T2-weighted images [6-9, 12—15] and are
sometimes unnoticeable, showing only subtle changes during
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follow-up that make it difficult to differentiate germ cell tumors
from other glial tumors and non-tumorous conditions such as
infarction and demyelinating disease [12, 16]. Moreover, unusu-
al images or unfamiliar features of the tumor during disease
progression can make it even more difficult to diagnose germ
cell tumor. Although ''C-methionin positron emission tomogra-
phy can be a promising diagnostic modality in the early stages
[17, 18], clinical and radiologic suspicion is needed to perform
this study. Additionally, this study can be inconclusive in cases
of weak uptake [16, 19, 20].

Therefore, diagnosis of early stage basal ganglia germ cell
tumors remains challenging and examination of consecutive
neuroimaging scans is often necessary. Accordingly, knowl-
edge about sequential imaging findings of a basal ganglia
germ cell tumors can aid earlier diagnosis by differentiating
germ cell tumors from other diseases [5—7, 9, 11]. This study
defines the early MR features of the basal ganglia germ cell
tumor from a review of serial MR features in these tumors.

Materials and methods
Patients

Our institutional review board approved this study and waived
the requirement for informed consent. From 2000 to 2013, 38
children and young adults were diagnosed with basal ganglia
germ cell tumors at our institution. We excluded 24 patients
who were diagnosed with germ cell tumor after a single MR
examination; all 24 of these patients had an overt mass larger
than 3 cm with various-size cysts leading to clear diagnosis
within 30 days of the initial MRI. The remaining 14 patients
underwent more than two MR examinations before diagnosis
and had a delayed diagnosis; delayed diagnosis in these cases
was a result of biopsy refusal or unfamiliar MRI presentation.
We included these 14 patients in the study. These 14
patients had a total of 15 tumors; 1 had bilateral tumors. The
male-to-female ratio was 12:2; mean age was 12.6 years
(range 7-19 years). Twelve patients had germinomas con-
firmed via stereotactic biopsy. The remaining two patients
were diagnosed with potential germ cell tumors because
of (cerebrospinal fluid reference level: alpha-fetoprotein
<1.5 ng/mL; beta-human chorionic gonadotropin <2mlU/
ml); beta-human chorionic gonadotropin <2mIU/ml); both
had highly elevated beta-human chorionic gonadotropin
levels in cerebrospinal fluid (380 mIU/ml and 118 mIU/
ml, respectively), and one also had elevated cerebrospinal
fluid alpha-fetoprotein levels (221 ng/ml) [21, 22].

MR image analysis

We retrospectively reviewed 48 serial MRI examinations (2—6
per patient; mean 3.4 per patient) in 14 children and young
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adults; 21 of 48 MRI examinations were performed at another
hospital before transfer to our tertiary hospital, so the timing and
protocols of the MRI examinations varied. MR images were
acquired on a 1.5-T MR unit in 41 examinations, a 3-T unit in
7. The examinations included axial unenhanced T1-weighted
(repetition time [TR]/echo time [TE]=450-650/8-25 ms) and
T2-weighted (TR/TE=3,000-6,200/80—136 ms) spin-echo im-
ages (all patients); fluid-attenuated inversion recovery images
(FLAIR) (TR/TE/inversion time [TI]=6,000-9,000/90-120/2,
000-2,500 ms) (43 examinations); axial post-contrast T1-
weighted images (40 examinations); and susceptibility-
weighted images or T2*-weighted gradient-echo MR images
(14 examinations). Other parameters examined: slice thick-
ness=2-5 mm; interslice gap=0-2 mm; acquisition ma-
trix=185-450x 160-371; and field of view (FOV)=16-
24x21-24 cm.

After reviewing all serial MR images we classified the basal
ganglia germ cell tumors as types I, II or III during tumor pro-
gression in each patient. We based classification primarily on
tumor size and the presence of cystic components by the con-
sensus of two radiologists (1.O.K and S.M.L, with 35 and 6 years
of experience, respectively). The classification criteria were as
follows: type I, ill-defined patchy lesions (<3 cm) without cystic
components, mainly visible on T2-weighted images; type II,
small mass lesions (<3 cm) with a cystic component; and type
I, large lesions (>3 cm) with cystic components (Fig. 1). Tumor
areas were considered cystic when they were isointense com-
pared with cerebrospinal fluid on T2-weighted images and
isointense to hypointense compared with brain parenchyma on
T1-weighted images.

We grouped the 15 basal ganglia germ cell tumors according
to a change in tumor type between initial MRI and diagnostic
MRI (the study at the time of diagnosis), analyzing the follow-
ing findings: (1) time interval between the onset of symptoms
and initial MRI (symptom duration), (2) time interval between
initial MRI and diagnostic MRI (MRI nearest the time of diag-
nosis), and (3) alteration of MRI features between initial MRI
and diagnostic MRI. We examined the following features: tu-
mor size, cyst size, the size ratio of the cystic component to the
tumor (cyst/mass), the presence of intratumoral hemorrhage,
associated ipsilateral cerebral hemispheric or brainstem
hemiatrophy, and enhancement patterns. Tumor and cyst size
were based on the largest diameter measured on axial T2-
weighted images. In calculating cyst/mass ratio, we defined cyst
size as the largest diameter of the conglomerate cystic portion.
Intratumoral hemorrhage was indicated by any one of the fol-
lowing criteria: (1) hyperintensity on T1-weighted images and
hyperintensity or marked hypointensity on T2-weighted im-
ages, (2) a fluid-fluid level with marked hypointensity in the
dependent portion on T2-weighted images, and (3) an
intratumoral cyst with a markedly hypointense rim on T2-
weighted images/susceptibility-weighted images/T2* gradient-
echo images or marked hypointensity of intratumoral cyst on
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Fig. 1 Brain MRI tumor classification. a Axial T2-weighted turbo spin-
echo MRI (TR/TE=5000/121 ms) in a 10-year-old boy with germinoma
type I tumor shows ill-defined patchy lesions (<3 cm) without cystic
components (arrow). b Axial T2-weighted turbo spin-echo MRI (TR/
TE=5000/99 ms) in a 16-year-old boy with germinoma type II tumor

susceptibility-weighted images/T2*-weighted gradient-echo
images.

Results

Changes in tumor type, duration of symptoms, and time inter-
val between initial MRI and diagnostic MRI are summarized
in Table 1. In initial MRI examinations, 11 of 15 germ cell
tumors were classified as type I, and 4 as type II. During the
follow-up period, 8 type I tumors progressed to types II or III,
and 3 type II tumors progressed to type III. One tumor
underwent a staged change from type I to type III in two steps
(Fig. 2). Four of the 15 tumors did not change in type during
the follow-up period. The duration of symptoms and time
intervals between initial MRI and definitive diagnosis were
variable. Time interval between type changes was variable in
each tumor. Mean time between type changes was 3.5 months
for types I to 11, 17 months for types I to III, and 7.6 months for
types II to III (Table 1).

shows small mass lesions (<3 cm) (arrows) with a cystic component
(arrowhead). ¢ Axial T2-weighted turbo spin-echo MRI (TR/TE=5000/
96 ms) in an 18-year-old man with germinoma type III shows a large
lesion (>3 c¢m) (arrows) with cystic components (arrowheads)

At initial MRI examination, 13 tumors showed patchy sig-
nal abnormalities with irregular margins and the remaining 2
showed relatively well-marginated mass lesions. The centers
of the tumors appeared as lentiform nuclei in 12, the head or
body of the caudate nucleus in 2, and a diffuse expansile basal
ganglia lesion in 1. Two of 15 tumors were restricted to the
basal ganglia and that remained unchanged during the follow-
up period. The remaining 13 tumors extended into the internal
capsule on initial MR images; six of them involved additional
structures including the periphery of the thalamus (n=4) and
deep white matter adjacent to the basal ganglia (n=2). As
these tumors grew, 4 of the 13 extended farther into the thal-
amus, adjacent white matter and midbrain.

Alterations in MRI features during tumor progression are
listed in Table 2. During progression, all but three (type I to I
in two, and types I to II in one) increased in size. Tiny cystic
components (size range 4-5 mm) developed in all five tumors
that changed from types I to II (Fig. 3); however overall size of
most of the tumors (4/5, 80%) did not change or minimally
increased (range 2—4 mm). In addition, the tumor that had
undergone a staged change from type I to type Il in two steps

Table 1 Interval changes in

tumor type from initial MRI to Change of the tumor type from Tumor (n=15) Symptom duration® Interval from initial MRI
MRI at time of diagnosis initial MRI to MRI at time of (months) to MRI at time of diagnosis®

diagnosis * (months)

-1 3 (20%) 2.3 (0-5) 15.7 (2.4-33.1)

I-II 5 (33%) 2 (0-3) 3.5(22-72)

[-III 3 (20%) 2.7 (0.2-4) 17 (9.8-30.6)

I—-II 1 (7%) 10 15.5

II-III 3 (20%) 5(1-12) 7.6 (1.5-19)

# The classification criteria of tumor type were as follows: type I, ill-defined patchy lesions (<3 ¢m) without cystic
components, mainly visible on T2-weighted images; type II, small mass lesions (<3 cm) with a cystic component;
and type III, large lesions (=3 cm) with cystic components

® Data show mean values, with ranges in parentheses
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Fig.2 Brain MRI in a 10-year-old boy with germinoma in the right basal
ganglia. All MR images obtained from other hospitals before admission.
MR images (a and b) was performed due to slowly progressive left
hemiparesis for 4 months. a—d Axial T2-weighted turbo spin-echo
images (TR/TE=3,500/104 ms) illustrate a staged change from type I
to type III in two steps: (a, b) type I tumor, (c) type II tumor, (d) type III
tumor. a Initial MRI shows tumor as an ill-defined hyperintense lesion
without a cystic component or mass effect in the right lentiform nucleus
and internal capsule (arrow). b Initial MRI shows atrophic change in the

developed a small cyst (5 mm) 5 months after initial MRI; this
tumor also increased in size from 16 mm to 22 mm during that
time and was therefore re-classified as type II. (11 months
after initial MRI), this tumor had progressed to an overt large
mass with multiple cysts and was classified as type III.
Generally as tumors grew, the size of the cystic component
in the solid mass increased, and multiple cysts of various sizes
could be observed. The cyst/mass ratio also increased during
tumor progression.

As tumors progressed, intratumoral hemorrhage became
more common and obvious. Hemorrhage was observed in
all type III tumors (6/6, 100%) and most type II tumors (6/9,
67%) on conventional MR images. Various hemorrhage pat-
terns coexisted within a single tumor, although hemorrhage
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brainstem (arrow). ¢ Five months after initial MRI, tumor (arrow) shows
cystic change (arrowhead) and increased size. d Eleven months after
initial MRI, tumor has changed to an overt large mass (solid arrow)
with multiple cysts of various sizes. T2-weighted image shows cysts
with fluid-fluid levels that are hypointense in the dependent portion,
considered to be an intracystic hemorrhage (arrowhead). Ipsilateral
hemiatrophy (atrophy of ipsilateral basal ganglia, cortical atrophy, and
brainstem atrophy) is more pronounced with tumor progression (open
arrows). TE echo time, TR repetition time

was not confirmed histologically. MRI of types II and I1I
tumors indicated the following: hematomas in 2 lesions
(1 type II, 1 type III), fluid-fluid levels with marked
hypointensity in the dependent portion on T2-weighted
images in 8 lesions (5 type II, 3 type III), presumed old
hemorrhagic cysts in 11 lesions (5 type II, 6 type III).
Three of 4 type I tumors (75%) that were evaluated using
susceptibility/T2*-weighted gradient-echo imaging had
hypointense foci that were hardly detectable on conven-
tional images (Fig. 4).

Ipsilateral hemispheric and brainstem atrophy was ob-
served in most type I tumors (9/11, 82%) and all four type II
tumors on initial MR images. Two type I tumors that did not
show obvious hemiatrophy were confined to the basal ganglia
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Table 2 Interval changes in tumor type and MRI features from initial MRI to MRI at the time of diagnosis

Change of the tumor type® (n=15) Mass size” (mm) Cyst size® (mm) Cyst/mass® (%) Hemorrhage® Enhance®
Initial Diagnostic Initial Diagnostic Initial ~ Diagnostic Initial Diagnostic Initial Diagnostic

-1 14.9 16.7 - - - - 0 0 2 2

(n=3) (10-21.6) (10-27)

I-II 18.4 22.4 - 44 - 24.6 0 2 2 4

(n=5) (11-23)  (18-26) (3.5-5.4) (16.7-42)

[-III 14.2 39.7 - 259 - 77.9 0 3 0 3

(n=3) 9.7-17)  (31-56) (22.7-29) (59-93.5)

I—II 25 28 10 13.2 40 47.1 1 14 1 1

(n=1)

IS 233 35 6.3 18.1 34.6 57.8 3 34 3 3

(n=3) (22-25)  (31-39) (5.2-7.3) (8.9-32.5) (24-52) (37.9-83.3)

Initial Initial MRI, Diagnostic MRI at the time of diagnosis

# The classification criteria of tumor type were as follows: type I, ill-defined patchy lesions (<3 ¢cm) without cystic components, mainly visible on T2-
weighted images; type II, small mass lesions (<3 cm) with a cystic component; and type 11, large lesions (=3 cm) with cystic components

® Data show mean values, with ranges in parentheses
¢ Data show the number of tumors with internal hemorrhage or enhancement on conventional MR images

4 More pronounced in the follow-up study

without evident involvement of the internal capsule; one ap-  the other was localized in the lentiform nucleus (Fig. 4). In
peared as an expansile lesion involving the basal ganglia, and ~ contrast, tumors with ipsilateral hemiatrophy involved the

Fig. 3 Brain MRI in an 11-year-
old boy with mixed germ cell
tumor in the left basal ganglia. a
Axial T2-weighted turbo spin-
echo image (TR/TE =9,000/

103 ms) shows an ill-defined
hyperintense lesion in the left
lentiform nucleus and internal
capsule (type 1) (solid arrow).
Ipsilateral hemiatrophy can be
seen in the basal ganglia (open
arrows). b Axial T2-weighted
turbo spin-echo image (TR/
TE=4,000/107 ms) obtained

2 months after initial MRI shows
tiny cysts with fluid-fluid level of
hyperintensity and marked
hypointensity (arrowhead) within
the tumor (type II) (arrow).. ¢, d
MR images obtained 6.5 months
after initial MR images. ¢ Axial
T2-weighted turbo spin-echo
image (TR/TE=4,000/107 ms)
shows an increase in size of cystic
components as well as the whole
tumor (arrow). The tumor is less
than 3 cm and is therefore
classified as type II. d
Unenhanced axial T1-weighted
turbo spin-echo image (TR/
TE=570/10 ms) shows
hyperintensity within cysts
(arrowheads), which suggests
intracystic hemorrhage. TE echo
time, 7R repetition time
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Fig. 4 Brain MRI in a 7-year-old
boy with germinoma that was
unchanged in type (type I). a
Axial T2-weighted turbo spin-
echo image (TR/TE = 3,000/

80 ms) shows an ill-defined
patchy hyperintense lesion,
relatively confined to the right
lentiform nucleus (arrow). b
Axial T2*-weighted gradient
echo image (TR/TE=1537/12 ms)
shows hypointense foci in the
mass lesion, indicating
microhemorrhage (arrow). ¢
Axial T2-weighted turbo spin-
echo image (TR/TE =3,000/

80 ms) shows no obvious atrophy
in the brainstem (arrow) but
shows asymmetrical frontal horn
of lateral ventricle. d Axial T2-
weighted turbo spin-echo image
(TR/TE=6,600/136 ms) obtained
2 months after initial MR images
shows slight progression of the
ipsilateral hemiatrophy at the
cerebral hemisphere (open
arrows), although tumor (solid
arrow) size is not changed and
internal capsule involvement of
the tumor is not evident. 7E echo
time, 7R repetition time

internal capsule or the periphery of the thalamus, showing
irregular margins. Ipsilateral hemiatrophy was more pro-
nounced during tumor progression in all cases; the two tumors
without obvious hemiatrophy on initial MR images (type [ to I
in one, type I to II in one) showed atrophic changes after
2 months and 3 months, although size change was minimal
(0 mm and 2 mm) and internal capsule involvement was not
evident.

Tumor enhancement was seen in 36% of type I (4/11), 89%
of the type II (8/9) and 100% of type 3 tumors (Table 2). As
tumors progressed, the enhancement became more prominent
and heterogeneous; enhancement was marked in all type III
tumors and two type II tumors, mild in six type II tumors, and
faint in four type I tumors.

The four basal ganglia germ cell tumors in the study that
showed no change in type during the follow-up period did,
however, show evident progression on follow-up MR images.
Overall tumor size increased in two tumors (type I to I in
one, type II to II in one) and cyst size and cyst/mass ratio
also increased in one tumor (type II to II). Ipsilateral
hemiatrophy was more obvious during the follow-up
period in these four tumors, including the two tumors
that did not change in size.
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Discussion

We classified basal ganglia germ cell tumors into three distinct
types based on MR findings. Analysis of serial MR images
showed sequential progression from type I to type IIL TIll-
defined small hyperintense lesions without cystic components
as seen on T2-weighted images progressed to larger masses
with cystic components, and ultimately to overt large masses
with multiple cysts of various sizes.

Several reports have shown the presence of cysts in basal
ganglia germ cell tumors at frequencies ranging 50-100% [5,
7,9, 10, 23]. Although multiple intratumoral cysts of various
sizes are typically found in late-stage basal ganglia germ cell
tumors [3, 7, 9, 10], our study revealed that intratumoral cysts
can occur at a relatively early stage during progression. In our
study, all type II tumors that had changed from type I had a
few small cysts (3.5-5.4 mm), whereas overall size of these
tumors (4/5, 80%) did not change or only minimally increased
(range 0—4 mm) during tumor progression. The time interval
between the changes was a mean 3.5 months (range 2.2—
7.2 months). Tumor presenting as a small basal ganglia mass
lesion containing a few tiny cysts at initial MRI, which was
classified as type II tumor in our study, can be mistaken for a
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nontumorous condition such as vasculitis, cavernous malfor-
mation or cerebral infarction.

Cysts reportedly result from either necrosis or repeated
intratumoral hemorrhage [5, 7, 10] and often contain
xanthochromic fluid, which suggests old hemorrhage. In our
study, many cysts had fluid-fluid levels with marked
hypointense dependent layering or dark-intensity rims on
T2-weighted images, and this was the most common pattern
of the intratumoral hemorrhage. Although hemorrhage was
not confirmed histologically, these findings are consistent
with intracystic hemorrhage. Tumor enlargement can be
accounted for with cyst formation and intratumoral hemor-
rhage [9, 10]. Several reports have shown that cyst formation
and hemorrhage correlate with tumor size [9—11]. In the study
by Kim et al. [9], 12 germ cell tumors larger than 20 mm in
diameter had conspicuous cysts (while 2 smaller germ cell
tumors did not) and 7 of the 12 had intratumoral hemorrhage.
Similarly, in our study all but one of the types II and III germ
cell tumors had cystic components and were larger than
20 mm in diameter, while 64% (7/11) of type I tumors (with-
out a cystic component) were smaller than 20 mm. Moreover,
as tumors grew the cysts not only increased in size but also
occupied a greater portion of the tumor. Intratumoral hemor-
rhage also became more pronounced as tumors grew. In our
study intratumoral hemorrhage was observed in all type III
and most type II tumors (6/9, 67%), while no type I tumors
showed intratumoral hemorrhage on conventional MR im-
ages. However, 3 of 4 type I tumors examined via suscepti-
bility/T2*-weighted gradient-echo imaging did show
hypointense foci that did not correspond to calcification on
CT; those hypointense foci were presumed to represent
microhemorrhage. Therefore, even type I germ cell tumors,
which are considered to be early stage tumors, may contain
hemorrhagic content. Because the remainder of type I tumors
were not examined via this imaging method, the presence of
microhemorrhage might be underestimated in our study. Lou
et al. [11, 12] showed that early stage basal ganglia
germinomas, defined as small (<10 mm) patchy hyperintense
lesions on T2-weighted images without cystic components,
appeared as obvious hypointense lesions on susceptibility-
weighted images as a result of intratumoral hemorrhage.

Ipsilateral hemiatrophy, which occurs at a frequency of 17—
100%, might also be useful for diagnosing basal ganglia germ
cell tumors [5-7, 9, 13]. In our study, ipsilateral hemiatrophy
was seen in 87% (13/15) of germ cell tumors on initial MR
images. Differences in frequency could be associated with
tumor size. Ozelame et al. [13] and Okamoto et al. [6] reported
that all germ cell tumors examined in their studies, in which
the tumors were generally small and in the early stages,
showed ipsilateral hemiatrophy on initial neuroimages. In
contrast, studies showing low frequencies of ipsilateral
hemiatrophy in germ cell tumors (17% and 21%) included
mostly large tumors [5, 9]. In our study, three tumors

(two type I, one type II) showed atrophic change in the
brainstem and basal ganglia on initial MR images, but cortical
atrophy was not evident. As tumors progressed to type III,
previously noted mild atrophy in the basal ganglia was
masked by extensive tumor involvement, and atrophic change
was detected only in the brainstem. Therefore hemiatrophy
can be overlooked with tumor growth if coexisting brainstem
or cortical atrophy is not remarkable. Ipsilateral hemiatrophy
could result from Wallerian degeneration caused by tumor
infiltration of fiber tracts [24, 25]; therefore it may be related
with tumor location. In our initial MR images, tumors that
were associated with ipsilateral hemiatrophy involved the in-
ternal capsule. Tumors restricted to the basal ganglia showed
only subtle enlargement of the anterior horn of the ipsilateral
lateral ventricle, without definite hemiatrophy. Ipsilateral
hemiatrophy may be also related to the growth rate of tumors
[15, 26]. Mutoh et al. [26] proposed that slowly growing tu-
mors could develop ipsilateral hemiatrophy. These authors
found that astrocytomas involving frontal or occipital lobes
and basal ganglia germinomas showed similar atrophic
change [26]. In our study two tumors without obvious
hemiatrophy on initial MR images showed mild cerebral and
brainstem hemiatrophy on follow-up MR images performed
after 2 months and 3 months, respectively, although tumor
involvement of the internal capsule was not seen.

Our study had several limitations. First, MRI proto-
cols, parameters and follow-up intervals were not stan-
dardized because some MRI data were obtained from
other hospitals before the patient entered our hospital.
Second, cystic changes and intratumoral hemorrhage
were not histologically confirmed. Therefore, other fac-
tors, most notably calcification, might have been
misinterpreted as microhemorrhage; however, this dis-
crimination could be made on CT images.

Conclusion

Early stage basal ganglia germ cell tumors appear as
ill-defined small hyperintense lesions without cystic
components on T2-weighted images, are almost always
associated with ipsilateral hemiatrophy, and sometimes
display microhemorrhage. Tumors develop tiny cysts at
a relatively early stage, and therefore basal ganglia germ
cell tumors should be considered as one of the differen-
tial diagnoses when, added to the aforementioned find-
ings, few tiny cysts are observed in the basal ganglia,
especially in boys.
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