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OBJECTIVE: To determine whether relative cerebral blood volume (rCBV) can predict patient
outcome, specifically tumor progression, in low-grade gliomas (LGGs) and thus provide a
second reference standard in the surgical and postsurgical management of LGGs.
METHODS: Thirty-five patients with histologically diagnosed LGGs (21 low-grade astrocyto-
mas and 14 low-grade oligodendrogliomas and low-grade mixed oligoastrocytomas) were
studied with dynamic susceptibility contrast-enhanced perfusion magnetic resonance imaging.
Wilcoxon tests were used to compare patients in different response categories (complete
response, stable, progressive, death) with respect to baseline rCBV. Log-rank tests were used to
evaluate the association of rCBV with survival and time to progression. Kaplan-Meier time-to-
progression curves were generated. Tumor volumes and CBV measurements were obtained at
the initial examination and again at follow-up to determine the association of rCBV with tumor
volume progression.
RESULTS: Wilcoxon tests showed patients manifesting an adverse event (either death or
progression) had significantly higher rCBV (P � 0.003) than did patients without adverse events
(complete response or stable disease). Log-rank tests showed that rCBV exhibited a significant
negative association with disease-free survival (P � 0.0015), such that low rCBV values were
associated with longer time to progression. Kaplan-Meier curves demonstrated that lesions with
rCBV less than 1.75 (n � 16) had a median time to progression of 4620 � 433 days, and
lesions with rCBV more than 1.75 (n � 19) had a median time to progression of 245 � 62 days
(P � 0.005). Lesions with low baseline rCBV (�1.75) demonstrated stable tumor volumes
when followed up over time, and lesions with high baseline rCBV (�1.75) demonstrated
progressively increasing tumor volumes over time.
CONCLUSION: Dynamic susceptibility contrast-enhanced perfusion magnetic resonance
imaging may be used to identify LGGs that are either high-grade gliomas, misdiagnosed
because of sampling error at pathological examination or that have undergone angiogenesis in
the progression toward malignant transformation. This suggests that rCBV measurements may
be used as a second reference standard to determine the surgical management/risk–benefit
equation and postsurgical adjuvant therapy for LGGs.
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The management of patients with low-
grade gliomas (LGGs) remains contro-
versial and is variable from one center to

another (20). There are numerous approaches,
which range from serial imaging/observation
to early tissue diagnosis/gross total resection
followed by radiation, and more recently, che-
motherapy. As a consequence, there are very

little prospective data on outcomes for end
points such as time to progression, malignant
transformation, mortality, and morbidity in
LGGs (2). This further compounds the diffi-
culty, evident from the literature, in determin-
ing optimal treatment strategies. One of the
few large prospective clinical trials of LGGs
determined significant prognostic factors to
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include the extent of surgical resection, histological features,
tumor size, and age (29). Although the current approach to
therapy for LGG is controversial, the Joint Section on Tumors
of the American Association of Neurological Surgeons/
Congress of Neurological Surgeons has provided practice
guidelines, (4) with the only firm recommendation being that
biopsy is the standard of practice whether observation or
further treatment is recommended.

The current reference standard for determining glioma
grade is histopathological assessment. However, the limita-
tions of histopathology obtained are well known: 1) because
only a few small samples of tissue are assessed, particularly
from stereotactic biopsy, the most malignant portion of a
tumor may not be sampled (sampling error); 2) it may be
difficult to obtain a range of samples if the tumor is inacces-
sible to the surgeon (eloquent brain); 3) there are numerous
classification/grading systems used between different institu-
tions; 4) interpathologist and intrapathologist variability (7,
23); 5) the dynamic nature of central nervous system tumors,
with at least 50% dedifferentiating into more malignant grades
(9, 10, 29). As a result, therapy and clinical outcome based on
histopathologic assessment of LGGs may not be best for de-
termining surgical and postsurgical therapy to optimize over-
all survival.

The differentiation of an LGG from a higher-grade glioma is
based primarily on increased cell nuclear pleomorphism and
vascular hyperplasia (8, 19, 25). It has been shown that mi-
crovessel density and vascular endothelial growth factor ex-
pression are independent prognostic markers of survival in
LGGs and that LGGs may represent a spectrum of tumors
with differing propensities to undergo malignant transforma-
tion that is at least partly based on their inherent angiogenic
potential (1). Relative cerebral blood volume (rCBV) measure-
ments from dynamic susceptibility contrast perfusion mag-
netic resonance imaging (DSC MRI) have been shown to be
closely correlated with histological measurements of micro-
vascular density in gliomas (6). rCBV measurements can pro-
vide physiological information about neovascularity and an-
giogenesis of the entire brain and have been shown to
correlate well with glioma grade in humans (12–16, 31, 34).
DSC MRI may be performed on the entire brain, thus helping
to overcome some of the limitations of histopathological ex-
amination.

The purpose of this study was to determine whether rCBV
measurements can be used to predict patient outcome, specif-
ically tumor progression in LGGs, and whether those predic-
tions are more accurate than those obtained by histological
assessment. We propose a new algorithm that includes rCBV
as a second reference standard in the surgical management of
LGGs.

PATIENTS AND METHODS

Patient Population

Approval for this study was obtained from the Institutional
Board of Research Associates. The patients were not required

to provide informed consent because the studies represented
part of their clinical evaluation, and a retrospective waiver of
consent was obtained for review of the images and charts.
Thirty-five consecutive patients with LGGs (World Health
Organization Grade II) were drawn from our database and
retrospectively reviewed. There were 23 male patients and 12
female patients (median age, 39 yr; range, 4–80 yr). Patholog-
ical specimens had been obtained by either stereotactic resec-
tion (n � 21) or stereotactic-guided subtotal resection/biopsy
(n � 14) performed by one of two surgeons (JG, PJK). His-
topathologic evaluation was performed by an experienced
neuropathologist (DZ) and based on the World Health Orga-
nization Grade 4 tier classification of gliomas (11): Grade II,
low-grade astrocytoma (n � 21); Grade II, low-grade oligoas-
trocytoma (n � 1); and Grade II, low-grade oligodendrogli-
oma (n � 13). These patients were assessed by their
neurosurgeon/neuro-oncologist at 3-month intervals for an
average of 4.2 years (range, 1–12.6 yr). At each follow-up,
conventional MRI and DSC MRI were performed. Volume
measurements of T1 enhancement (designated T1 volume)
and T2 signal hyperintensity (designated T2 volume) and
rCBV measurements were calculated (see below). Each patient
was assigned to a different clinical response category on the
basis of data obtained by reviewing the clinical charts and MRI
findings. The four categories, based in part on the methodol-
ogy described by Levin et al. (17), were complete response,
stable disease, progressive disease, and death. A complete
response was defined as an MRI scan with no visible tumor
and no new neurological deficit. Stable disease was defined as
no change in the patient’s neurological examination, Karnof-
sky score, and a �25% change in either the T1 and/or T2
volume on MRI. Progressive disease was defined as a decline
in the neurological status or Karnosfky score, or an increase in
either the T1 and/or T2 volume by �25% on MRI. MRI per-
fusion data were not used to segregate patients into different
clinical response groups.

Conventional MRI and Tumor Volume Measurements

Imaging was performed on 1.5-Tesla systems (Siemens Vi-
sion or Symphony; Siemens AG, Erlangen, Germany). A lo-
calizing sagittal T1-weighted image was obtained followed by
nonenhanced axial T1-weighted spin echo (repetition time/
echo time [TR/TE], 600/14 ms), axial fluid-attenuated inver-
sion recovery (9000/110/inversion time [TI] 2500), and T2-
weighted (3400/119) images. Postcontrast axial T1-weighted
imaging was performed after the acquisition of the DSC MRI
data. Regions of interest (ROI) were drawn around the en-
hancing region of the tumor and around the hyperintense
region on T2-weighted or fluid-attenuated inversion recovery
images to generate tumor volumes using Medical Image Dis-
play and Analysis System software (35). Each ROI was inde-
pendently checked for accuracy by the other observer and any
changes were made by joint agreement. The observers were
experienced senior board certified neuroradiologists (ML, SO).
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Dynamic Susceptibility-weighted, Contrast-enhanced
MRI

DSC MRI scans were acquired with a gradient echo echo-
planar imaging sequence during the first pass of a standard
dose (0.1 mmol/kg) bolus of gadopentetate dimeglumine
(Magnevist; Berlex Laboratories, Wayne, NY). Seven to 10
slices were positioned to cover the tumor based on T2-
weighted and fluid-attenuated inversion recovery images. Im-
aging parameters were: TR/TE, 1000/54; field of view, 230 �
230 mm; section thickness, 5 mm; matrix, 128 � 128; in-plane
voxel size, 1.8 � 1.8 mm; interslice gap, 0 to 30%; flip angle,
30°; signal bandwidth, 1470 Hz/pixel. Contrast was injected at
a rate of 5 ml/s followed by a 20-ml bolus of saline at 5 ml/s.
The injection rate was 5 ml/s in all patients, except for the
three patients in the 0 to 9-year age group, where the injection
rate was reduced to 3 ml/s. A total of 60 images were acquired
at 1-second intervals with the injection occurring at the fifth
image, so that the bolus would typically arrive at the 15th to
20th image.

rCBV Measurements

The procedure used to calculate rCBV from the DSC MRI
data is based on standard algorithms that have been described
previously (12, 26, 27). Data processing was performed on a
Unix workstation with programs developed in-house using C
and IDL programming languages. Color overlay maps of
rCBV were calculated. To improve signal to noise, however,
the rCBV measurements used in this study were calculated
from ROIs, placed in regions of highest perfusion seen on the
rCBV color overlay maps. Four separate ROI measurements
were made, and the maximum value was recorded. It has been
demonstrated that this method for the measurement of max-
imal abnormality provides the highest intraobserver and in-
terobserver reproducibility in rCBV measurements (36). To
minimize confounding factors in rCBV analysis, the size of the
ROIs was kept constant (radius, 3.6 mm). rCBV measurements
were obtained by a board certified neuroradiologist with more
than 5 years of experience in perfusion data acquisition at our
institution (ML).

Statistical Methods

Means, standard deviations, and medians of rCBV mea-
surements for patients in each clinical response category (com-
plete response, stable, progressive, death) were obtained. Wil-
coxon tests were used to compare patients in different clinical
response categories with respect to baseline rCBV. Log-rank
tests were used to evaluate the association of rCBV with time
to progression, defined as the time from the initial surgical
diagnosis to the time of decline in the neurological status,
Karnofsky score, or an increase in tumor size by �25% on
MRI. It is noted that patients who died of disease provided
uncensored times to progression, whereas data for those pa-
tients with complete response and stable disease at the time of
most recent follow-up were right censored. Patients were di-
vided into two groups, low and high rCBV, using a threshold

value of 1.75. This threshold has been found to give the
optimal sensitivity and specificity for differentiating LGGs
from high-grade gliomas (HGGs) in a logistic regression anal-
ysis of 120 high-grade and 40 low-grade gliomas (14). Kaplan-
Meier survival curves and the log-rank test were used to
characterize and compare the high and low rCBV groups in
terms of time to progression. Binary logistic regression was
used to determine whether age, sex, resection versus biopsy,
presence or absence of enhancement, tumor volume, or CBV
were associated with an adverse event (progression or death).

Least squares regression was conducted to examine the
association of rCBV with changes in T1 and T2 volumes after
adjusting for the potential confounding effects of age and sex.
The regression analyses used the change in T1 or T2 volume as
the dependent variable and considered baseline rCBV and the
change in rCBV as linear numeric predictors in separate anal-
yses. In each case, the model included age and sex as fixed
classification factors. The analyses were conducted both with
and without inclusion of terms representing the interaction of
rCBV with age and sex as well as with and without deletion of
the data from those with an inordinately high increase in both
T1 and T2 volume. All statistical computations were carried
out using SAS System for Windows software, version 9.0 (SAS
Institute, Inc., Cary, NC), and results were declared statisti-
cally significant at the two-sided 5% comparison-wise signif-
icance level (i.e., P � 0.05).

RESULTS

The patient demographics, histological results, baseline
rCBV, clinical response, and a summary of the treatment
protocols are shown in Table 1. The mean, standard deviation,
and median of rCBV for patients in each clinical response
category are shown in Table 2. There were 16 LGGs with low
baseline rCBV (�1.75) and 19 LGGs with a high baseline rCBV
(�1.75).

Clinical Response

Wilcoxon tests used to compare patients in different clinical
response categories (complete response, stable, progressive,
death) indicate that patients with stable disease could not be
distinguished from those manifesting complete response (P �
0.617), and patients who died of disease could not be discrim-
inated from those exhibiting progression (P � 0.738). How-
ever, patients manifesting an adverse event (either death or
progression) had significantly higher rCBV (P � 0.003) than
did patients without adverse events.

On the basis of log-rank tests, neither age (P � 0.333) nor
gender (P � 0.172) was significantly associated with time to
progression. However, rCBV exhibited a significant negative
association with disease-free survival (P � 0.001), such that
low rCBV values were associated with longer times to pro-
gression. The Kaplan-Meier survival plots for time to progres-
sion (Fig. 1) indicate that lesions with rCBV � 1.75 (n � 16)

PERFUSION MAGNETIC RESONANCE IMAGING IN LOW-GRADE GLIOMAS

NEUROSURGERY VOLUME 58 | NUMBER 6 | JUNE 2006 | 1101



had a median time to progression of 4620 � 433 days, and
lesions with rCBV � 1.75 (n � 19) had a median time to
progression of 245 � 62 days (P � 0.005).

Binary logistic regression indicated that neither patient age
(P � 0.141) nor sex (P � 0.267) were significant predictors of
an adverse event (progression or death), whereas rCBV was a
significant predictor of adverse outcomes both with and with-
out adjustment for age and sex (P � 0.027 and 0.012, respec-
tively). As a predictor of adverse events, rCBV was estimated
to have an odds ratio of 2.38 (95% confidence interval, 1.21–
4.68), with 81.3% (13/16) of all adverse events experienced by
patients having rCBV � 1.75. Using the Cox proportional

hazards model, rCBV was estimated to have a hazards ratio of
1.49 (95% confidence interval, 1.14–1.94). This was signifi-
cantly associated with time to progression both with and
without adjustment for age and gender (P � 0.011, 0.0029,
respectively).

MRI Volume Measurements

Forty-six percent of the LGGs enhanced on T1-weighted
imaging (n � 16), and the remainder did not enhance after
contrast administration on the initial MRI. Eight of these non-
enhancing lesions developed contrast enhancement on

TABLE 1. Patient demographics, histological results, baseline relative cerebral blood volume, clinical outcome, and treatment protocolsa

Patient no. Age (yr)/sex Histological results Baseline rCBV Clinical outcome Surgery Radiationb

1 34/M LGO 1.33 S Resection None
2 41/F LGO 1.42 S Biopsy None
3 26/M LGO 1.24 S Resection None
4 57/M LGA 1.42 S Resection Yes
5 4/F LGA 1.15 S Resection Yes
6 28/F LGA 1.26 S Resection None
7 27/M LGA 1.24 CR Biopsy Yes
8 40/F LGA 1.39 CR Resection Yes
9 52/M LGA 1.74 S Biopsy None

10 26/M LGA 0.56 S Resection Yes
11 50/F LGO 1.02 S Resection Yes
12 28/M LGO 1.53 CR Biopsy Yes
13 41/M LGA 0.37 P Resection Yes
14 68/M LGA 0.56 P Resection Yes
15 42/F LGO 1.48 CR Resection Yes
16 47/M LGA 1.44 D Resection Yes
17 44/M LGA 4.51 D Biopsy Yes
18 40/M LGA 5.89 P Resection Yes
19 80/M LGO 3.21 P Biopsy None
20 44/F LGA 2.08 P Resection None
21 14/M LGA 2.37 P Resection Yes
22 11/M LGA 5.16 S Resection Yes
23 49/M LGOA 5.81 P Biopsy Yes
24 39/M LGA 3.37 P Resection Yes
25 33/M LGO 2.00 S Biopsy Yes
26 65/M LGA 3.09 P Biopsy Yes
27 34/M LGO 3.68 P Resection None
28 9/F LGA 2.73 P Biopsy None
29 53/M LGA 4.29 D Resection Yes
30 27/M LGO 2.61 P Biopsy Yes
31 4/F LGO 1.88 S Resection None
32 33/M LGO 2.74 S Resection None
33 52/F LGO 1.75 S Biopsy None
34 69/F LGA 5.96 P Biopsy None
35 54/F LGA 2.12 S Biopsy None

a rCBV, relative cerebral blood volume; M, male; LGO, low-grade oligodendroglioma; S, stable; F, female; LGA, low-grade astrocytoma; CR, complete response;
P, progressive; D, death; LGOA, low-grade oligoastrocytoma.
b Average dose of conformal fractionated external photon beam radiation was 58.3 Gy (range, 54.0–63.0 Gy).
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follow-up MRI. Least squares regression demonstrated no
significant association between baseline rCBV and changes in
T1 or T2 volume (P � 0.14). However, lesions with low base-
line rCBV (�1.75) demonstrated stable tumor volumes when
followed over time. Lesions with higher baseline rCBV (�1.75)
demonstrated progressively increasing tumor volumes over
time (Figs. 2 and 3). LGGs with low baseline rCBV demon-
strated an rCBV of 1.20 � 0.39 (mean � standard deviation)
initially and 1.52 � 0.81 at follow-up (P � 0.36). LGGs with
high baseline rCBV demonstrated rCBV of 3.42 � 1.44 initially
and 5.06 � 2.95 at follow-up (P � 0.05). There was also no
association between resection versus biopsy, nor the
presence/absence of contrast enhancement or tumor volume,
with time to progression, with P values of 0.312, 0.285, and
0.138, respectively.

DISCUSSION

The management of LGGs
remains a diagnostic and
therapeutic challenge. Al-
though stereotactic biopsy or
a limited resection is the cur-
rent reference standard for
confirming the diagnosis for
patients with an imaging di-
agnosis of LGG, there are in-
herent limitations with the
technique and interpretation.
In particular, because only a
few small samples of tissue

are assessed, the most malignant portion of a tumor may not
be sampled (sampling error). This problem can be exacerbated
when the tumor is inaccessible to the surgeon. Jackson et al.
(10) compared diagnoses based on initial biopsy and subse-
quent resection in 81 glioma patients and found discrepant
results in 49% of cases. Furthermore, after biopsy, it is not
uncommon to have significant intraobserver and interob-
server variability (7, 23). The decision to resect surgically, to
administer radiotherapy, to administer chemotherapy, or to
observe the patient is confounded by this uncertainty in the
histopathologic diagnosis. In this study, we have demon-
strated that rCBV measurements may be a better predictor of
tumor progression than initial histopathologic interpretation
and can be used as a useful adjunct. This may be caused by
sampling error or interpathologist and intrapathologist vari-
ability, but it is also possible that rCBV measurements are
revealing changes in microvascular density that precede ma-
lignant transformation (1).

Neurosurgical intervention is indicated in LGGs to establish
a diagnosis, to resect a seizure focus, to alleviate symptoms
from mass effect, hydrocephalus, or hemorrhage, and to de-
crease the volume of neoplastic cells, which could undergo
malignant degeneration. The most common cause of death in
patients with LGG is dedifferentiation into a higher-grade
glioma, and hence the goal for the neurosurgeon whenever
possible is to achieve maximal surgical resection (21). Based
on the results of five prospective clinical trials of 1600 patients
with LGGs, the important prognostic factors for predicting
outcome in LGGs are the extent of surgical resection, age,
histological results, and size of the lesion (29, 30, 32, 33). Of
these, the extent of surgical resection is the only independent
factor that can be altered by the neurosurgeon. Surgical
decision-making is a risk and benefit analysis, which becomes
even more pertinent in neurosurgery, where the risks are
greater and the benefits sometimes uncertain. Hence an objec-
tive, reproducible technique such as perfusion MRI, which can
alter the risk–benefit equation, becomes very important.

The results of this study suggest that DSC MRI, in particular
rCBV measurements, may be a useful tool in the management
of LGGs. Currently, surgical options for LGG are determined
in part by whether patients are considered to be high risk: age

TABLE 2. Mean, standard deviation, and median of relative cerebral blood volume for patients with
pathologically proven low-grade gliomas in each clinical response categorya

Clinical response Mean rCBV SD Median rCBV

Complete response 1.41 0.13 1.43
Stable 1.77 1.07 1.42
No adverse event: CR � S (n � 19) 1.70 0.96 1.42
Progressive 3.21 1.81 3.09
Death 3.41 1.71 4.29
Adverse event: D � P (n � 16) 3.25 1.74 3.15

a rCBV, relative cerebral blood volume; SD, standard deviation; CR, complete response; S, stable; P, progressive; D,
death.

FIGURE 1. Kaplan-Meier survival curves for demonstrating the proba-
bility of time to progression at the most recent clinical follow-up. LGGs
with rCBV � 1.75 had a median time to progression of 4620 � 433 days
(black solid curve which is far right shifted). LGGs with rCBV � 1.75
had a median time to progression of 245 � 62 days (black dashed curve
which is far left shifted; P � 0.005). The data suggest that baseline rCBV
may be a stronger predictor of patient outcome than the initial histopatho-
logic diagnosis, because if these were all true LGGs, the median time to
progression would be much longer than 245 days (8 mo).
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� 40 years; lesions � 3 to 5 cm with contrast enhancement,
mass effect, papilledema, and neurological deficits other than
seizures (2).

We propose a new algorithm that incorporates rCBV measure-
ments for the management of patients with an imaging diagnosis
of LGG (Fig. 4). Lesions not involving eloquent regions of the
brain all undergo gross total resection (left side of the algorithm),
because it has been shown that maximal resection improves
survival in patients with LGG (2, 21, 29, 30, 32, 33). If a patho-
logical diagnosis of a HGG is made, or if the rCBV is high (�1.75
LGG or HGG), the patient should be considered for adjuvant
chemotherapy and/or radiation therapy. If a pathological diag-
nosis of LGG is made and rCBV is low (�1.75), the patient
should be followed up serially. If there is risk of neurological
deficit from resection at, or close to, an eloquent region (speech,
precentral gyrus or brainstem), then the patient should be con-
sidered for a subtotal resection or stereotactic biopsy. Because of
the possibility of sampling error, the perfusion again should be
considered so that lesions with high perfusion (rCBV � 1.75)
should be considered for adjuvant therapy and lesions with low
perfusion (rCBV � 1.75) can be observed serially. As a caveat,

even though a lesion may be involving an eloquent region, if
there is elevated perfusion (CBV � 1.75), then consider increas-
ing the risk–benefit equation to resect more maximally (Fig. 5).
Low perfusion (CBV � 1.75) would allow the surgeon to con-
sider more conservative surgical options. In a lesion within an
eloquent region (such as the brainstem) with low perfusion,
nonsurgical therapy with serial observation becomes an option.

It is clear from the literature that conventional radiological
findings, such as the absence of contrast enhancement, are not
only poor predictors of tumor grade but may or may not be
prognostic factors for either survival or progression-free sur-
vival (2, 16, 19, 20, 22, 24, 37). In this study, 46% of the lesions
did not enhance after contrast administration. There was no
association between presence of contrast enhancement and
time to progression. Despite this, most institutional algorithms
for the management of LGGs are based on imaging findings
such as lesion size, presence/degree of contrast enhancement,
and mass effect (2).

For the neurosurgeon and neuro-oncologist, all preopera-
tive information on the aggressiveness of a glioma affects
decision-making before, during, and after surgery. This is

FIGURE 2. Images from a 49- year-old
man with a pathologically proven low-
grade mixed oligoastrocytoma with a high
baseline rCBV (5.81). A, axial fluid-
attenuated inversion recovery image
(9000/110/2500 [TR/TE/TI]). B, axial T2-
weighted image (3400/119) showing a
mass lesion within the right frontotempo-
ral region (arrow) with mass effect on the
adjacent right lateral ventricle. There is
minimal edema. C, contrast-enhanced ax-
ial T1-weighted image (600/14) demon-
strating minimal enhancement compati-
ble with an imaging and pathological
diagnosis of LGG. D, gradient-echo (TR/
TE, 1000/54) axial DSC MRI image with rCBV color overlay map showing a lesion with high initial perfusion with an rCBV of 5.81 (arrow), more in keeping with an HGG
than an LGG. E, MRI at 71 days (18 wk) follow-up. Axial proton density image (4790/14). F, axial T2-weighted image (8730/94) showing an increase in tumor volume and
volume of T2 signal abnormality by 66.97 cm3. There is now increasing mass effect on the right lateral ventricle. There are also blood products within the lesion from blood-brain
barrier compromise (arrows). G, contrast-enhanced axial T1-weighted image (600/14) demonstrating new contrast enhancement with an increase in enhancing tumor volume
by 30.23 cm3. Final histopathologic diagnosis after stereotactic resection was an anaplastic oligoastrocytoma.
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especially true given the known discordance between his-
topathologic grade and contrast enhancement. In the light of
this study, knowledge of a lesion’s rCBV may help determine
whether to biopsy or to resect; the aggressiveness of resection;
the planned size, shape, and extent of craniotomy; the use of
postoperative adjuvant therapy (especially antiangiogenic
therapies); and the frequency of follow-up examinations.

A potential limitation in our study is the potentially confound-
ing effect of the patients’ different treatment protocols on the
time to progression. The initial treatment protocol at our institu-
tion for LGGs includes either stereotactic resection or biopsy �
radiation. Of the 16 patients with LGGs with low rCBV (n � 16),
5 did not receive adjuvant after surgery, 3 received radiation to
the surgical bed, and 8 received a combination of radiotherapy
and chemotherapy, which consisted of either temozolomide (Te-
modar; Schering AG, Berlin, Germany), carboplatin (Paraplatin;
Bristol-Myers Squibb, Princeton, NJ), PCV- procarbazine/CCNU
{chloroethyl-cyclohexyl-nitrosourea}/vincristine (Mutulane;
Sigma-Tau Pharmaceuticals, Gaithersburg, MD), or a combina-

tion thereof. Of the 19 patients with LGGs with high rCBV, 7 did
not receive adjuvant radiation after surgery, 1 received radiother-
apy to the surgical bed, 2 received chemotherapy only, which
consisted of either temozolomide or PCV, and 9 received a com-
bination of radiotherapy and chemotherapy, which consisted of
temozolomide, PCV, or a combination of temozolomide and
high-dose carboplatin again, only after the tumor was shown to
be progressive. It should be noted that at the time of surgery and
diagnosis, chemotherapeutic agents were not routinely adminis-
tered and therefore should not be a confounding factor. Further-
more, in both groups, most patients received either no adjuvant
therapy or both surgery and radiotherapy in approximately the
same proportions; because the histopathologic grade was the
same, it is unlikely that this will have had a major effect on our
overall results.

There are also no clear data demonstrating that any partic-
ular treatment regimen produces radically better outcomes
than the other, (29) so that differences in the treatment proto-
col should not result in significant differences in patient out-

FIGURE 3. Images from a
53-year-old man with
pathologically proven low-
grade astrocytoma with a
high baseline rCBV (4.29).
A, axial proton density
image (4490/14 [TR/TE]).
B, axial T2-weighted image
(4490/126) showing a mass
lesion within the right fron-
tal region extending across
the body of the corpus callo-
sum (arrow) with minimal
mass effect and a small
amount of surrounding
edema. C, contrast-enhanced axial T1-weighted image (600/14) demonstrating minimal enhancement compatible with an imaging and pathological diagno-
sis of LGG. D, gradient-echo (TR/TE, 1000/54) axial DSC MRI image with rCBV color overlay map showing a lesion with high initial perfusion with an
rCBV of 4.29 (arrow), more in keeping with an HGG than an LGG. (E) MRI at 43 days (11 wk) follow-up. Axial fluid-attenuated inversion recovery
image (9000/110/2500 [TR/TE/TI]). F, axial T2-weighted image (8730/94) showing an increase in tumor volume and volume of T2 signal abnormality by
38.97 cm3. There is now increasing edema, mass effect with evidence of hydrocephalus, likely from obstruction at the foramen of Monroe. G, contrast-
enhanced axial T1-weighted image (600/14) demonstrating new contrast enhancement with an increase in enhancing tumor volume by 45.23 cm3. There is
also evidence of necrosis within the lesion (arrow). Final histopathological diagnosis after stereotactic resection was an anaplastic astrocytoma.
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come for LGGs. It is well known that some lesions respond to
some therapies, whereas other lesions respond to differing
therapies, and still other lesions respond to no therapy at all,
even though they are classified as the same grade tumor (28).
The only exception that has been recognized over the last
decade has been the subgroup of oligodendroglioma with
allelic loss on chromosomes 1p and 19q, which have a signif-
icantly better prognosis and a particular sensitivity to chemo-
therapy (5). In our study, only two patients had 1p19q dele-
tions; therefore, this is unlikely to affect the overall time-to-
progression statistics. Another potential limitation in our
study is the effect of surgical resection versus biopsy on time
to progression. It is important to note from our data that the

time to progression of patients who had a diagnosis made
from stereotactic biopsy or subtotal resection (2063 d, n � 14)
was very similar to that for patients who had a diagnosis made
from gross total resection (2366 d, n � 21). The literature is
also divided as to the survival benefit of gross total resection
versus biopsy/subtotal resection (2, 3, 18, 21), although is
generally thought that reducing the volume of tumoral tissue
does improve survival.

The current reference standard for predicting glioma bio-
logical behavior has limitations. Partly because of this, the
optimum assessment and treatment of LGGs remain unclear.
However, patients with misclassified gliomas will not receive
optimum treatment, compromising survival. Our study
strongly suggests that cerebral blood volume measurements
correlate more accurately with time to progression than initial
histopathologic grading and rCBV may be a useful in vivo,
second reference standard in the management of LGGs.
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COMMENTS

The authors have shown that dynamic susceptibility contrast-enhanced
perfusion magnetic resonance imaging (DSC MRI) can be used to iden-

tify those tumors thought to be low-grade gliomas that have been misdiag-
nosed due to either a sampling error of the pathology or because the tumor
has increased propensity to progress to malignant transformation. This is
potentially a very useful study, as the present means of diagnosing low-
grade glioma are fraught with error. Sampling error, inadequate biopsy
material, and inter- and intrapathologist variation can lead to a higher-grade
tumor being misdiagnosed as low grade. This has considerable implications,
as some studies of the management of low-grade glioma have shown a
survival advantage with macroscopic resection of the tumor (1). There has
been no definite improvement in outcome shown with either radiotherapy
or chemotherapy for the low-grade diffuse fibrillary astrocytoma. Of course,
those tumors that have an oligodendroglial component with a 1P or 19Q
deletion have been shown to be much more responsive to chemotherapy.

While this is a useful study, the data needs to be interpreted with care, as
the follow up is short (an average of 4.2 years, with a minimum of one year),
the number of patients is relatively small, and numerous different treatment
protocols were used. This is understandable, as the concepts of the treatment
of low-grade glioma have changed over the past 10 years.

It is of particular interest that there was no association found between the
presence or absence of contrast-enhancement and the time to progression, as
I am usually fairly cautious of the diagnosis of low-grade glioma if there is
enhancement on the MRI. Nevertheless, as predictor of tumor progression,
DSC MRI seems to be a useful tool, and, in this study, it was possible to
differentiate those tumors that had a medium progression time of greater
than 12 years with those progressing in less than 1 year. Clearly, the latter
were either never low-grade gliomas or, alternatively, were on the brink of
malignant transformation.

The results of this study are of considerable practical value, and it
is certainly worthwhile considering the addition of DSC MRI in the
algorithm for the management of patients suspected to have low-
grade glioma on imaging.

Andrew H. Kaye
Melbourne, Australia
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