
DIAGNOSTIC NEURORADIOLOGY

MR imaging characteristics of protoplasmic astrocytomas

Kevin L. Tay & Alpha Tsui & Pramit M. Phal &
Katharine J. Drummond & Brian M. Tress

Received: 16 May 2010 /Accepted: 25 June 2010 /Published online: 20 July 2010
# Springer-Verlag 2010

Abstract
Introduction Protoplasmic astrocytomas are a poorly rec-
ognized and uncommon subtype of astrocytoma. While
usually categorized with other low-grade gliomas, there is
literature to suggest that protoplasmic astrocytomas have
differences in biology compared to other gliomas in this
group. This paper presents the MR imaging characteristics
of a series of eight protoplasmic astrocytomas.
Methods We retrospectively reviewed MR images and
histopathology of eight consecutive cases of histologically
proven protoplasmic astrocytomas.
Results Patients ranged from 17 to 51 years of age with a
5:3 male to female ratio. The tumors were located in the
frontal or temporal lobes and tended to be large, well
defined, and had a very high signal on T2 (close to
cerebrospinal fluid). Generally, a large proportion of the
tumor showed substantial signal suppression on T2 fluid-
attenuated inversion recovery (FLAIR). Six of the eight
lesions also demonstrated a partial or complete rim of

reduced apparent diffusion coefficient (ADC) around the
T2 FLAIR suppressing portion.
Conclusions The possibility that a primary cerebral neoplasm
represents a protoplasmic astrocytoma should be considered
in a patient with a large frontal or temporal tumor that has a
very high signal on T2 with a large proportion of the tumor
showing substantial T2 FLAIR suppression. A further clue is a
partial or complete rim of reduced ADC.
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Magnetic resonance imaging . Fluid-attenuated inversion
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Introduction

Protoplasmic astrocytomas are a rare variety of astrocyto-
mas consisting of process-poor astrocytes on a microcystic
background [1]. They are classified as a grade II astrocy-
toma by the World Health Organization (WHO) [2],
alongside fibrillary and gemistocytic astrocytomas. This
grouping implies a similar behavior and prognosis of these
subtypes; however, specific literature on protoplasmic
astrocytomas is lacking. The available literature does
suggest that the prognosis is relatively indolent, similar to
the more common fibrillary astrocytoma, but with a
tendency to present at a younger age and a greater
propensity to involve the temporal lobe [1].

There are still considerable challenges in the recognition of
this entity as there is a paucity of literature on this tumor, let
alone in the radiology literature, which is restricted to a single
angiographic case report [3]. Previous case reports of
protoplasmic astrocytomas have shown that they can present
as diagnostic dilemmas [3, 4]. With this in mind we sought
to present the magnetic resonance imaging characteristics of
eight histologically proven protoplasmic astrocytomas.
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Methods

The institutional review board approval was obtained.
Images of all eight patients (as determined by the
department of pathology records) with histologically prov-
en protoplasmic astrocytomas treated at our institution
between January 2008 and December 2009 were retrospec-
tively reviewed. Histopathology slides were available in all
cases and reviewed by a neuropathologist. Patient demo-
graphics and clinical presentation were recorded.

Pre-operative MR images were available in all patients. Six
of the patients were preoperatively imaged at our institution,
four on a 1.5T EchoSpeed Plus LX 9 MRI (General Electric,
Milwaukee, WI), and two on a 1.5T HDx platform (General
Electric, Milwaukee, WI). One patient was imaged externally
on a 1.5T Signa MRI (General Electric, Milwaukee, WI). The
final patient was imaged overseas and information of the type
of MR system was not available, but a partial study was
performed at our institution to complete the pre-operative
work-up, including T2 fluid-attenuated inversion recovery
(FLAIR) images on a 3TMagnetomTrio (Siemens, Ehrlangen,
Germany). Pre- and post-contrast T1 spin echo images were
available in all patients (repetition time/echo time (TR/TE)=
400−600/6.4−9 ms), as were T2 fast spin echo (TR/TE=
3950−5800/102−140 ms), and T2 FLAIR images (inversion
time (TI)=2000−2200, TR/TE=8000−9000/118−136 ms). A

susceptibility sensitive sequence was also available in all
patients, as was diffusion-weighted imaging. T2* perfusion
was performed on two patients and magnetic resonance
spectroscopy in three patients. Non-contrast and contrast-
enhanced CT scans were available in three patients, though
for one patient this was performed at an outside institution
and only film sheets were available for review rendering
Hounsfield unit measurements impossible.

All eight cases of protoplasmic astrocytomas were
assessed in consensus by two neuroradiologists for location,
size of lesion, signal characteristics, proportion and degree
of T2 FLAIR signal suppression, contrast enhancement,
surrounding vasogenic edema, apparent diffusion coeffi-
cient, susceptibility artifact, and adjacent calvarial scallop-
ing. Where possible, presence of calcification, perfusion,
and spectroscopic characteristics were also assessed.

Results

The mean age of the patients was 32 (range, 17 to 51) with
five males and three females. Six of the patients presented
with new onset seizures, one with headache and one with a
new neurological deficit.

Imaging characteristics are presented in Table 1 and
examples are shown in Figs. 1 and 2.

Table 1 Imaging characteristics of protoplasmic astrocytomas

Location

Lobe Frontal (3/8), temporal (3/8), frontoparietal (1/8), frontotemporal (1/8)

Layer Cortex and adjacent white matter (4/8), subcortical white matter and overlying
cortex (3/8), cortex through to the periventricular white matter (1/8)

Size

Mean diameter (range), mm 54 mm (32 to 78 mm)

Shape Rounded (8/8)

Margins Well defined (7/8), slightly indistinct (1/8)

Signal

T1 Slightly hyperintense to CSF(4/8), between CSF and gray matter (4/8)

T2 CSF (6/8), slightly hypointense to CSF (2/8)

Appearance on T2 Minimally heterogeneous (7/8), "Septae" of lower T2 signal (1/8)

Percentage of T2 FLAIR suppression (typical cross section) >75% (3/8), 50–75% (3/8), 25–50% (2/8)

Predominant degree of T2 FLAIR suppression CSF (2/8), between white matter and CSF (4/8), white matter (1/8),
gray matter (1/8)

Vasogenic edema None (5/8), equivocal mild (2/8), mild (1/8)

Contrast enhancement

Lesion None (4/8), faint septae/reticular (2/8), faint incomplete (1/8),
moderate enhancement of a small nodule (1/8)

Meningeal None (8/8)

ADC Rim of reduced ADC (6/8), equivocal rim of reduced ADC (1/8),
internal bands of reduced ADC (1/8)

Susceptibility artefact None (8/8)

Scalloping of overlying calvarium Present (2/8), absent (6/8)
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None of the three tumors with preoperative CT imaging
demonstrated calcification or hemorrhage. All three tumors
were of low density, with measurements of six and 15
Hounsfield units for the lesions where measurement was
possible.

In the two lesions where perfusion imaging was
available, cerebral blood flow and volume was clearly
below that of the white matter. One of these tumors had a
small line of cerebral blood flow/volume similar to the
cortex, which possibly represented an area of preserved
cortex.

Magnetic resonance spectroscopy was performed on
three patients. Choline to creatine ratio was moderately
elevated in all three tumors, ranging from approximately
1.6 to 2.3. N-Acetylaspartate (NAA) was substantially
depressed leading to an elevated choline to NAA ratio,
measuring 1.3 in one case and even higher in the other two
cases that were hard to accurately quantify as the very small
NAA peak was difficult to confidently distinguish from
baseline noise. A myo-inositol peak was demonstrated in

all three tumors, and there was a possible small doublet at
1.3 parts per million in two of the tumors suggesting the
presence of a lactate peak.

An example of the perfusion and spectroscopic findings
is shown in Fig. 3.

When the histology of the resected specimens was
reviewed, six of the eight tumors demonstrated increased
microcystic change in the central portions of the lesion
relative to the peripheral portions of the lesions (Fig. 4).
The remaining two tumors demonstrated regions with a
greater portion of microcysts, but retrospective orientation
of the specimens to the central versus peripheral portion of
the lesion was not possible.

Discussion

In this retrospective series, the protoplasmic astrocytomas
tended to be large, well-defined lesions in young adults
with a predilection for the frontal and temporal lobes,

Fig. 1 30-year-old male patient
presenting with seizures. a T1, b
T2, and c T2 FLAIR demon-
strating a large, well-defined T1
hypointense, T2 hyperintense
lesion centered on the left
anterior temporal lobe with a
large proportion of the lesion
demonstrating signal
suppression on T2 FLAIR

Fig. 2 40-year-old male patient
presenting with seizures. a T2
and b T2 FLAIR demonstrating
a large, well-defined right
temporal lobe T2 hyperintense
lesion with a large proportion of
the lesion demonstrating signal
suppression on T2 FLAIR
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which is consistent with the findings from a previous
pathological case series by Prayson of 16 such tumors [1].
As in that paper, the most common presenting symptom
was seizures. The mean age of patients at presentation in
our series of 32.2 years was higher than in Prayson's paper,
where the mean age was 20.7. This could be accounted for
by the absence of pediatric cases at our institution.

Most of the imaging features demonstrated were consis-
tent with those of low-grade astrocytomas. The lesions were
generally well defined, of reasonably homogenous high T2
signal, without vasogenic edema, and without susceptibility
artifact to suggest hemorrhage or calcification.

The cerebral blood volume was also very low, a feature
consistent with the low-grade nature of the lesion, though

Fig. 4 Examples of histology from a central portion of a lesion and b periphery of a lesion. The images show tumor cells with round nuclei and
short processes, on a background of microcystic change which is more evident on the sample from the central portion of the lesion

Fig. 3 26-year-old female
patient presenting with seizures.
a T2, b cerebral blood flow, c
cerebral blood volume of a left
frontal lobe lesion demonstrat-
ing cerebral blood flow and
volume below that of the white
matter d single voxel point-
resolved spectroscopy MRS
with a TE of 30 ms showing an
elevated choline/creatine ratio
and a substantially elevated
choline/NAA ratio

408 Neuroradiology (2011) 53:405–411



the cerebral blood volume observed was noticeably lower
than the white matter, which is less than typically reported for
low-grade astrocytomas [5]. Macroscopically, protoplasmic
astrocytomas demonstrate replacement of white matter by
gelatinous tissue with a semi-translucent, homogenous
appearance [6], which presumably is not very vascular and
may account for the cerebral blood volume result.

Four of eight lesions did not demonstrate enhancement
while three of the lesions demonstrated faint enhancement.
Though enhancement raises the possibility of a higher
grade lesion, enhancement has been described in low-grade
astrocytomas [7], and the enhancement in these three cases
was very mild. One of the cases did demonstrate moderate
enhancement of a nodule. While it was not possible to
definitively correlate the location of this nodule on the
resected specimen no area of higher grade dedifferentiation
was noted on histology. Meningeal enhancement was not
demonstrated in any of the cases, but has been described in
a previous case report [4].

In our series, however, we have also documented
features in protoplasmic astrocytomas that are not typically
ascribed to low-grade astrocytomas. Notably, while the
lesions were generally high signal on T2, all of the lesions
demonstrated suppression of portions of the lesions on T2
FLAIR. For five of the eight tumors this signal suppression
involved greater than 50% of the lesion (on a typical axial
slice) to white-matter signal or darker. The remaining cases
showed lesser degrees of signal suppression or this
suppression involved a smaller proportion of the tumor.
Presumably this implies that these portions of the tumor
have similar T1 times to CSF.

This signal suppression can result in a very heteroge-
neous appearance on T2 FLAIR and could be misinter-
preted as cyst formation or necrosis, features more typically
associated with higher grade astrocytomas [8]. Mild
enhancement, if present, may add to the impression of a
higher grade lesion. This has potential management
consequences as it could affect the treatment options
offered to the patient or alter the scope of an attempted
resection with implications for post-treatment morbidity.

The other imaging feature that may wrongly indicate a
higher grade astrocytoma is the spectroscopy. The choline to
creatine ratio was sufficiently elevated to suggest a higher
grade lesion, and the NAA was substantially attenuated
resulting in a markedly elevated choline to NAA ratio,
further implying a high-grade lesion [9, 10]. Review of the
three cases demonstrated that voxel placement included T2
FLAIR suppressing portions of the lesions. These regions
were hard to avoid in the tumors in our series and may be a
confounding factor in these spectra as studies on spectros-
copy in gliomas have generally avoided areas of apparent
necrosis or cyst formation [9, 10]. Inclusion of these
“cystic” regions where there is displacement or replacement

of neurons could conceivably explain the reduction of NAA
and creatine relative to choline.

It is also of note that the spectra, including these “cystic”
regions did not demonstrate the markedly elevated lipid/
lactate and depletion of the other metabolites typically seen
in frank necrosis[11], which is consistent with the histo-
logical finding that these regions contain tumor cells on a
background of microcystic change rather than necrosis.

Based on the imaging features in this series, protoplasmic
astrocytomas could also be confused with dysembryoplastic
neuroepithelial tumors (DNTs), in which suppression of
internal T2 signal on T2 FLAIR imaging has been described
[12]. Like protoplasmic astrocytomas DNTs tend to occur
in young patients, presenting with seizure. They are
generally located in the frontal or temporal lobes, do not
demonstrate surrounding vasogenic edema and may dem-
onstrate calvarial scalloping [13]. To complicate matters
DNTs can appear similar to protoplasmic astrocytomas on
histology, and it has been suggested by some that
protoplasmic astrocytomas represent a variant of DNTs
[14]. There are, however, histological features, such as the
multinodular/multifocal architecture, participation of glial
and neural elements and associated cortical dysplasia in
DNTs that may allow histological distinction [15].

From an imaging differential perspective, protoplasmic
astrocytomas in our series tended to be larger (mean
diameter, 54 mm) than reported for DNTs (30 mm) [13].
Like DNTs, the protoplasmic astrocytomas also involved
the cortex, but subcortical white matter was involved in all
cases (versus 12 out of 53 cases in a series for DNTs) [13],
and in three of the cases, the tumor appeared to be centered
here. Features such as a triangular appearance, tapering
towards the ventricle, and internal septations described for
DNTs [16] were generally not a feature of protoplasmic
astrocytomas in our series.

With regard to the T2 FLAIR suppression, the paper on
DNTs [12] described this more as a thin rim of high T2
FLAIR signal, suggesting that the bulk of the tumor signal
suppressed, with the ring having a mean width of 1.3 mm
and a range of 0.8 to 3.1 mm. In our case series, while
substantial portions of the tumor demonstrated T2 FLAIR
suppression, there were generally larger areas that demon-
strated residual high T2 FLAIR signal. Two of the eight cases
did demonstrate only a thin rim of residual high T2 FLAIR
signal, which would fall into the range described for DNTs,
but the remainder showed thicker (even >1 cm) residual areas
of high T2 FLAIR signal. Regardless, this would suggest that
protoplasmic astrocytomas are a differential for lesions that
demonstrate internal T2 FLAIR signal suppression.

The other distinct imaging feature in most of the
protoplasmic astrocytoma cases was the presence of a ring
(complete or incomplete) of reduced apparent diffusion
coefficient (ADC) (Fig. 5). This was convincingly present
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in six of the eight cases. The rings were generally thin and
around the area of T2 FLAIR signal suppression, rather
than involving the whole non-T2 FLAIR suppressing
lesion. The ADC was not reduced below that of the
cerebral cortex, but was reduced compared to the surround-
ing lesion, which demonstrated elevated ADC.

ADC in gliomas is thought to relate to cellularity [17, 18],
so it could be hypothesized that the rim of reduced ADC
could reflect a more cellular portion of the tumor. This was
supported by histological findings in our series, which
generally showed the lesions to have more microcystic
change in the central portions of the lesions and a more
solid, cellular appearance in the periphery of the lesion.

Currently, the prognosis and treatment of protoplasmic
astrocytomas is assumed to be consistent with other WHO
grade 2 astrocytomas, though there is very little literature
on this and it has been previously suggested that proto-
plasmic astrocytomas may potentially have a better prog-
nosis than other grade 2 astrocytomas [15]. It is of note that
there is significant heterogeneity among the WHO grade 2

astrocytomas with gemistocytic astrocytomas having an
inferior prognosis to other WHO grade 2 astrocytomas [19].
The molecular significance of the different subtypes of
CNS tumors is not clear, but likely relates to differences in
genetics and molecular biology. Identification of imaging
biomarkers that may correlate with these subtypes may
improve our understanding of these tumors

Conclusion

The possibility that a lesion represents a protoplasmic
astrocytoma should be considered in a large cortical or
subcortical frontal or temporal lobe lesion especially if a
substantial portion of the tumor demonstrates T2 FLAIR
suppression and the lesion demonstrates a partial or
complete rim of reduced apparent diffusion coefficient
around the T2 FLAIR suppressing portion. Better identifi-
cation of this lesion may facilitate further research into the
biology of this tumor versus other astrocytomas.

Fig. 5 a T2 FLAIR. b ADC
from a 35-year-old male
presenting with seizures and c
T2 FLAIR. d ADC from a
17-year-old male presenting
with seizures. In both cases a
rim of relatively reduced ADC is
shown around the T2 FLAIR
suppressing portion of the lesion
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