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Posttherapeutic Intraaxial Brain Tumor: The Value of
Perfusion-sensitive Contrast-enhanced MR Imaging for
Differentiating Tumor Recurrence from Nonneoplastic
Contrast-enhancing Tissue
Takeshi Sugahara, Yukunori Korogi, Seiji Tomiguchi, Yoshinori Shigematsu, Ichiro Ikushima, Tomohiro Kira,
Luxia Liang, Yukitaka Ushio, and Mutsumasa Takahashi

BACKGROUND AND PURPOSE: Differentiation of tumor recurrence from treatment-related changes may be difficult with conventional MR imaging when newly enhancing lesions
appear. Our aim was to determine the value of perfusion-sensitive contrast-enhanced MR imaging for differentiating recurrent neoplasm from nonneoplastic contrast-enhancing tissue.
METHODS: Twenty patients in whom new enhancing lesions developed within irradiated
regions were examined prospectively with perfusion-sensitive contrast-enhanced MR imaging.
Twelve of them also underwent thallous chloride Tl 201 single-photon emission tomography
(201Tl-SPECT). Normalized relative cerebral blood volume (rCBV) ratios and thallium indexes
were evaluated to determine whether the new enhancing lesions were recurrent or not. Five
instances of tumor recurrence and one of radiation necrosis were verified histologically; in the
others, tumor recurrence was distinguished by lesions that progressively increased in size on
serial MR examinations over at least 5 months, and nonneoplastic contrast-enhancing tissue
was distinguished by lesions that disappeared or decreased in size on serial MR studies over
at least 9 months.
RESULTS: When normalized rCBV ratios were higher than 2.6 or lower than 0.6, enhancing
lesions were either recurrent (n 5 5) or nonneoplastic contrast-enhancing tissue (n 5 3), respectively. All nonneoplastic contrast-enhancing tissue had a low thallium index, whereas three
of four recurrent lesions had a high index.
CONCLUSION: An enhancing lesion with a normalized rCBV ratio higher than 2.6 or lower
than 0.6 may suggest tumor recurrence or nonneoplastic contrast-enhancing tissue, respectively.
In these cases, further examination with 201Tl-SPECT may not be necessary. However, when
the normalized rCBV ratio is between 0.6 and 2.6, 201Tl-SPECT may be useful in making the
differentiation.
Over the past several decades, therapy for patients
with primary and metastatic CNS tumors has become more aggressive as neurosurgeons, neurooncologists, and radiation oncologists try to cure patients or at least provide them with a longer
disease-free survival (1–3). Surgical resection and
chemotherapy alone have proved to be insufficient
in many instances. As a result, the various forms
of radiotherapy, including high-dose external-beam

radiation, radiosurgery, and radioactive seed implantation, have all become important therapeutic
adjuncts. The end result is that radiation necrosis
is being seen with increased frequency.
Serial MR examinations are used routinely in the
assessment and surveillance of those patients. Features that are inspected for assessment of tumor
progression are regions of abnormal contrast enhancement on postcontrast T1-weighted images
and the volume of hyperintensity on T2-weighted
images. Although such morphologic changes are
indicative of the existence of the disease, it is often
difficult to determine whether an enhanced lesion
represents tumor recurrence or not, especially when
the enhancement is initially observed (1, 3, 4). The
lack of specificity has prompted investigation into
other imaging techniques with the hope of finding
a more reliable clinical tool.
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Recently, functional MR imaging techniques
have been significantly advanced through the extension of the anatomic capabilities of conventional
MR imaging methods. Perfusion-sensitive contrastenhanced MR imaging, which has made it possible
to obtain measurements of vascularity within brain
lesions and can be acquired during the same session
as conventional MR imaging, allows exact comparison of those results (5–10). The vascularity of
malignant tumor differs dramatically from that of
irradiated brain tissue, specifically radiation necrosis. Thus, tumor recurrence within irradiated
lesions may be differentiated from regions of radiation necrosis with perfusion-sensitive contrastenhanced MR imaging. Our aim was to determine
the value of this technique in the characterization
of newly developed, small, enhancing lesions within irradiated regions after the treatment of brain
tumors.
Methods
Patient Population
Twenty patients (10 men and 10 women; mean age 6 SD,
43 6 19 years) were prospectively entered into the study over
a 24-month period on the basis of the following criteria: previous treatment with conventional external-beam radiation
therapy and systemic chemotherapy after surgical resection for
intraaxial tumors; new development of small, enhancing lesions within the radiation field 6 to 94 months after radiation;
and T2-weighted MR imaging findings of enhancing areas surrounded by hyperintense areas, consistent with tumor recurrence (11, 12). All patients underwent follow-up MR examinations in intervals of 2 months or less once the newly
developed, small, enhancing lesions were observed. None of
the patients received any therapy during the follow-up period.
Initial diagnoses in all patients were proved by examination
of histologic specimens. Sixteen patients had astrocytic tumors
with pathologic grades of II (n 5 4), III (n 5 7), or IV (n 5
5). In the remaining four patients, lesions consisted of two
malignant gangliogliomas, one germinoma, and one primitive
neuroectodermal tumor.
The final determination between tumor recurrence and nonneoplastic contrast-enhancing tissue was decided either histologically or clinicoradiologically. Five cases of tumor recurrence and one of radiation necrosis were histologically verified
by either surgical resection or stereotactic biopsy. In the remaining patients who did not undergo surgical intervention,
the lesions were considered to be nonneoplastic contrast-enhancing tissue when the enhanced lesions disappeared or decreased in size on subsequent MR examination, or were present
but unchanged on serial follow-up MR examinations for 9
months, accompanied by neurologic improvement during the
follow-up period. When the enhancing lesions increased progressively in size on at least three serial MR examinations over
5 months or more, and the patient’s clinical condition deteriorated progressively during that period, they were interpreted
as tumor recurrence.
Perfusion-sensitive contrast-enhanced MR images as well as
conventional MR studies were obtained in all patients, and
201Tl-SPECT examinations were obtained in 12 of them. The
perfusion-sensitive contrast-enhanced studies and the 201TlSPECT studies were performed an average of 29 months
(range, 6–94 months) and 32 months (range, 7–98 months)
after radiation therapy, respectively. The interval between perfusion-sensitive contrast-enhanced MR imaging and 201TlSPECT ranged from 6 to 47 days (mean, 24 days).

Imaging Procedures
All MR images were obtained with a 1.5-T superconducting
system. Conventional and perfusion-sensitive contrast-enhanced MR images were acquired during the same procedure
to allow exact comparison of the results. Sagittal T1-weighted
localizing images (15/6/1[TR/TE/excitations]) were acquired
first, and then unenhanced axial T1-(690/14/1) and T2-weighted images were obtained in each patient. All conventional sequences were obtained with a 5-mm section thickness and a
1-mm intersection gap. Before perfusion-sensitive contrast-enhanced MR imaging was performed, a 21-gauge intravenous
(IV) needle was inserted and retained in the vein of the right
antecubital fossa.
The perfusion-sensitive contrast-enhanced MR images were
obtained with a gradient-echo echo-planar (GE-EPI) technique
(2000/40) with a readout band width of 926 Hz per pixel and
a maximum amplitude of 25 mT/m before, during, and after
injection of each contrast agent (7). Lipid suppression was
used to suppress the signals from the subcutaneous fat, which
would be superimposed on the brain because of large chemical-shift artifacts seen with the GE-EPI technique. Five-tonine-section studies were acquired to cover the entire enhanced
area. Axial sections were selected from the unenhanced images
for dynamic MR imaging. After injection of 0.05 mmol/kg of
contrast medium to minimize the effect of T1 shortening from
enhancing lesions, a 0.10 mmol/kg bolus of gadopentetate dimeglumine was injected via a mechanical pump (3 mL/s), followed by a 20-mL saline flush. In all patients, 30 images were
obtained at each section location during 60-second periods separated by 2-second intervals. Each section was collected by
using a section thickness of 5 mm, an intersection gap of 1
mm, a 256 3 128 matrix, and a 20 3 22- to 28-cm field of
view. After data collection, the relative cerebral blood volume
(rCBV) maps were derived on a voxel-by-voxel basis from the
dynamic imaging sets.
The starting and ending points of the first-pass transit of
contrast agent through the brain were identified by using the
time-activity curve of the means of the signal magnitudes of
the pixels covering the whole-brain tissue in the section. Before the starting point of the first-pass circulation (seen as a
drop in signal), representative baseline points were selected
and their average was calculated for each voxel as a baseline
measure for signal intensity (S0). On a voxel-by-voxel basis,
signal intensity (S) was converted to changes in T2* relaxation
rate (dR2*) as follows: dR2* 5 2ln (S/S0)/TE. Previous experiments and theoretical data have shown that dR2* is approximately linearly proportional to the concentration of contrast material in the tissue (13–15). The rCBV maps were
generated by numerical integration of relative concentration
(dR2*) for the first-pass bolus through each voxel based on
kinetic principles for nondiffusible tracers (16, 17). The imaging process required approximately 30 minutes to integrate
the functional time course data.
201Tl-SPECT studies were obtained in 12 of 20 cases, because at the beginning of this study, 201Tl-SPECT was not
routinely performed for differentiating tumor recurrence from
nonneoplastic contrast-enhancing tissue. Patients were scanned
20 minutes after IV injection of 111 MBq of thallous chloride
Tl 201, using a three-head rotating gamma camera (Prism
3000; Picker, Highland Heights, OH). The camera heads were
equipped with low-energy high-resolution fan-beam collimators. Data were acquired in a step-and-shoot mode from 120
directions, at 3608, with a 64 3 64 matrix. The energy peak
was set at 70 keV, with an energy window of 20%. All SPECT
scans were reconstructed using a filtered backprojection algorithm with a ramp filter before postfiltering with a Butterworth
filter (cutoff, 0.20 cycle/cm; order, 8). Each section thickness
was 6.3 mm. Attenuation and scatter corrections were not performed. The acquisition time at each projection was 40 seconds, for a total collection time of 20 minutes.
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To calculate the normalized rCBV ratios (rCBV[tumor]/
rCBV[contralateral tissue]), the regions of interest (ROIs) consisting of more than 20 pixels were located in the enhanced
areas on the contrast-enhanced T1-weighted images and in the
contralateral white matter, which was judged as normal on both
T2- and contrast-enhanced T1-weighted images. Whenever
possible, the ROI of normal white matter was placed contralateral to the ROI of tumor in the same transaxial plane. When
this was not possible, the ROI was positioned in representative
normal white matter in the same transaxial plane. To avoid the
risk of calculating the rCBV from normal vessels, such as cerebral arteries and veins, the radiologist initially investigated
the serial dR2* maps from arterial to venous phases as well
as the conventional MR images and then located the ROIs
within tumors. The dR2* maps clearly showed the rCBV from
cerebral arteries or veins, and the ROIs were easily defined
without superimposition on those vessels (18).
201Tl-SPECT studies were quantified in the following manner. The location of the tumor and normal brain tissues on the
201Tl-SPECT transverse sections was determined by comparing transverse sections from conventional MR images. If a focus of abnormal activity was discernible in that location, an
ROI was drawn to encompass it. If no focus of abnormal activity was perceived, an ROI was drawn in the vicinity of the
enhanced area, using the conventional MR images as a guide.
In all cases, care was taken to avoid inclusion of any scalp
activity in the ROI. The total counts in the ROI were recorded.
Counts were then sampled in a region of equal size positioned
over the normal brain tissue. The ratios between the total
counts in the tumor regions and total counts in the corresponding normal white matter were calculated. The thallium index
was defined as the ratio generated from counts of enhanced
areas divided by those of normal white matter.
Statistical Analysis
A unpaired Student’s t-test was used to determine whether
there was a difference in the normalized rCBV ratios and thallium indexes between the patients with and without tumor recurrence. A difference of P , .05 was considered statistically
significant.

Results
The Table summarizes the findings in the 20 patients. The maximum diameter of the newly developed, small, enhancing lesions ranged from 5 to 35
mm (mean, 17 mm). Of the 14 tumors without histologic verification, five were diagnosed as recurrent and nine as nonneoplastic contrast-enhancing
tissue by noninvasive outcome parameters. The recurrent and nonneoplastic contrast-enhancing tissue
groups included 10 patients each. At recurrence,
three tumors that had initially been treated as lowgrade gliomas had changed to anaplastic glioma (n
5 1) or glioblastoma (n 5 2). Therefore, all recurrent tumors, except for one primitive neuroectodermal tumor, were anaplastic gliomas or
glioblastomas.
Newly enhancing lesions with a normalized
rCBV ratio above 2.6 represented recurrent tumor
(n 5 5) (Fig 1). Two patients with these tumors
also underwent 201Tl-SPECT examination, which
showed high uptake, consistent with tumor recurrence (thallium index, 3.22 and 7.70, respectively).
The remaining five patients with tumor recurrence
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had normalized rCBV ratios less than 2.6. Three of
four of these tumors examined with 201Tl-SPECT
showed high uptake (thallium index, .1.83), consistent with tumor recurrence (Fig 2).
A normalized rCBV ratio of less than 0.6 was
observed only in patients with nonneoplastic contrast-enhancing tissue (n 5 3) (Fig 3). Two of these
patients also underwent 201Tl-SPECT, which did
not show any high uptake, consistent with a lack
of tumor recurrence. The remaining seven patients
with nonneoplastic contrast-enhancing tissue had
normalized rCBV ratios higher than 0.6 (Fig 4).
Four of these patients were examined with 201TlSPECT, which did not show any abnormally high
uptake, consistent with nonneoplastic tissue (Fig 5).
The relationship between normalized rCBV ratios and thallium indexes for tumor recurrence and
nonneoplastic contrast-enhancing tissue is shown in
Figures 6 and 7. Both the normalized rCBV ratios
and thallium indexes of the tumor recurrence group
were higher than those of the nonneoplastic group.
The differences between the two groups reached
statistical significance (P 5 .03 and 0.02,
respectively).
Discussion
Ionizing radiation to the CNS may produce dramatic delayed postradiation damages after a delay
of months from the time of radiation (19, 20).
Those effects on the CNS consist mainly of radiation necrosis caused by blood-brain barrier disruption and diffuse white matter injury caused by radiation-induced demyelination (11, 21, 22).
Radiation necrosis most commonly occurs at the
site of the previous tumor, even after whole-brain
radiation (21, 22). This predilection may be due to
surrounding vasogenic edema, which may render
the adjacent white matter more vulnerable to radiation damage (22). The MR imaging findings of
radiation-induced brain damage include a ring-enhancing mass with variable edema and mass effect
(21–24). These findings are often nonspecific and
may not permit differentiation from tumor recurrence. Additionally, radiation-induced lesions occur
within 2 years after radiation therapy, the same period during which tumor recurrence is most frequent (21, 22). In our series, most nonneoplastic
lesions were consistent with radiation necrosis, although histologic verification was obtained only in
one case.
Perfusion-sensitive contrast-enhanced MR imaging depicted tumor recurrence in approximately
half the patients. The tumor growth consists of an
irregular meshwork of vessels intermixed with normally existing vessels (2, 19, 20, 25, 26). These
vessels markedly differ from those of radiation necrosis, which primarily consist of ischemic changes
caused by the endothelial damage (27–30). Therefore, it is not surprising that in some cases perfusion-sensitive contrast-enhanced MR imaging,
which is a technique that reflects histologic vas-
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FIG 1. 63-year-old woman with a recurrent anaplastic astrocytoma verified by surgical resection.
A, Contrast-enhanced T1-weighted MR image (690/14/1; section thickness, 5 mm) shows a focally enhancing area (arrow) with a
surrounding nonenhancing zone of low intensity and mass effect in the right frontal lobe.
B, Anaplastic astrocytoma appears as an area of hyervascularity (arrow) on rCBV map (normalized rCBV ratio, 4.45).
C, Histologic specimen shows densely accumulated tumor cells (hematoxylin-eosin, original magnification 3 200).

FIG 2. 78-year-old man with a recurrent glioblastoma. The diagnosis was
determined by the progressively enlarging area of enhancement on serial
MR images and by the patient’s clinical
deterioration.
A, Contrast-enhanced T1-weighted
MR image (690/14/1; section thickness, 5 mm) shows inhomogeneous
enhancement (arrows) with surrounding nonenhancing zone of low intensity
and mass effect in the right temporoparietal lobe.
B, The recurrent tumor is seen as an
area of hypovascularity (arrows) on the
rCBV map (normalized rCBV ratio,
0.83).
C, 201Tl-SPECT scans show abnormal uptake in the area of recurrent tumor (arrow), consistent with tumor
recurrence.
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FIG 3. 29-year-old man with radiation necrosis (verified by stereotactic biopsy) who had undergone subtotal tumor resection followed
by conventional radiation therapy (60 Gy) and systemic chemotherapy 26 months earlier. Ten months later, tumor recurrence was found,
and was treated by subtotal resection and chemotherapy.
A, Contrast-enhanced T1-weighted MR image (690/14/1; section thickness, 5 mm) shows enhanced area (arrow) within surrounding
nonenhancing zone of low intensity and mass effect in the left temporal lobe.
B, Radiation necrosis appears as an area of hyovascularity (arrow) on the rCBV map (normalized rCBV ratio, 0.56).
C, Histologic specimen shows avascular areas, consistent with radiation necrosis (hematoxylin-eosin; original magnification 3 200).
FIG 4. 49-year-old man without tumor recurrence. The diagnosis was based on the
decreasing size of the enhanced area on
serial MR images.
A, Contrast-enhanced T1-weighted MR
image (690/14/1; section thickness, 5 mm)
shows a small focus of enhancement (arrow) within surrounding nonenhancing
zone of low intensity and mass effect in the
left frontal lobe.
B, Enhanced area appears as a region
of hypervascularity (arrows) on the rCBV
map (normalized rCBV ratio, 1.79).

cularity, would be useful for differentiating highly
vascularized recurrent tumor from avascular necrosis (18). Although the diagnosis of tumor recurrence was difficult in patients with normalized
rCBV ratios of less than 2.6, diagnosis was possible
by adding 201Tl-SPECT studies. Several different
mechanisms between the two techniques must have
produced the higher sensitivity of the 201Tl-SPECT
examination, which will be discussed in detail in
this discussion. On the basis of the results we obtained, we recommend that perfusion-sensitive contrast-enhanced MR imaging should be initially performed in patients with suspected tumor
recurrence, because this study can be acquired during the same session as conventional MR imaging,
and precise comparison of the findings with abnormally enhanced lesions is possible. The 201TlSPECT examination should be added only when
the diagnosis of early tumor recurrence is difficult
to determine with perfusion-sensitive contrast-enhanced MR imaging. We believe that decreasing
the number of patients undergoing 201Tl-SPECT or

positron emission tomography is important from
the economic standpoint.
Overlap of the normalized rCBV ratios occurred
between two groups. We speculated that this overlap might have been caused by several factors.
First, the areas of recurrent tumor may not always
consist of the tumor cells but may coexist with necrosis and hypovascular areas caused by occlusive
vasculopathy induced by radiation. In fact, among
the recurrent glioblastomas, the range of normalized rCBV ratios was from 0.83 to 3.08 (mean,
1.85), which was significantly different from the
range in the initial glioblastomas we examined previously (mean, 7.32) (18). Forsyth et al (31) reported that among patients with gliomas who had
previously been treated with external-beam radiotherapy and who subsequently underwent stereotactic biopsy to differentiate tumor recurrence from
radiation necrosis, 33% were found to have a mixture of tumor recurrence and radiation necrosis.
Second, within irradiated brain tissues, the affected vessels do not simply consist of occlusive
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FIG 5. 20-year-old woman without tumor recurrence. The diagnosis was based on the disappearance of the enhancing area on serial
MR images.
A, Contrast-enhanced T1-weighted MR image (690/14/1; section thickness, 5 mm) shows a small focus of enhancement (arrows)
within surrounding nonenhancing zone of low intensity and mass effect in the left frontal lobe.
B, The enhancing area appears mildly hypervascular (arrows) on the rCBV map (normalized rCBV ratio, 1.17). The effects of previous
surgery can be seen as susceptibility artifacts in right frontal region (arrowheads).
C, 201Tl-SPECT scan shows no abnormal uptake in the enhancing lesion (arrows), consistent with lack of tumor recurrence.

FIG 6. Relationship between normalized rCBV ratios in patients
with tumor recurrence and those with nonneoplastic contrast-enhancing tissue.

vessels but rather a variety of vascular phenomena,
such as aneurysmal formation, telangiectasia, vascular elongation, and a remarkable proliferation of
endothelial cells, especially in the capillary bed
(32, 33). Disturbance in the permeability of the
capillary wall is thought to be the initial response,
which causes tissue necrosis before those vessels
are occluded (32, 33). In fact, in experimental studies, necrosis is frequently observed in spatial relation to capillary vessels that never undergo occlusive changes (33). Gaensler et al (34) and Okeda
and Shibata (35) have hypothesized that radiation
may preferentially affect the endothelium of veins,
producing venoocclusive disease, with subsequent
development of exudation, hemorrhage, and necrosis. These authors believe that the formation of vas-

FIG 7. Relationship between thallium indexes in patients with
tumor recurrence and those with nonneoplastic contrast-enhancing tissue.

cular telangiectasia may represent a physiological
attempt to form collateral drainage away from the
area of venous occlusion and congestion. In other
words, the enhanced areas might not only maintain
the vascularity derived from the large vessels but
also have relatively large CBV ratios because the
volume of the vascular lumen increases as a result
of the enlarged lumen secondary to the aneurysmal
or telangiectatic formation as well as to elongated
changes.
Third, petechial hemorrhage induced by radiation may produce susceptibility artifacts and decrease the normalized rCBV ratios when it occurs
within areas of tumor recurrence. Although susceptibility artifacts caused by petechial hemorrhage
were not visually observed within enhancing lesions in our cases, hemosiderin deposition in peri-
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vascular spaces was probably present, as reported
by others (34). Because we used the GE-EPI technique for perfusion-sensitive contrast-enhanced
MR imaging, those artifacts might have been more
prominent. The combination of these complex phenomena may make it difficult to differentiate tumor
recurrence from nonneoplastic contrast-enhancing
tissue.
The 201Tl-SPECT studies provided useful information for detecting tumor recurrence. The accumulation of thallium, handled physiologically like
potassium, is an active process and not just the result of disruption of the blood-brain barrier (36). A
principal mechanism for the active uptake of thallium into viable cells is the energy-dependent Na1/
K1-adenosine triphosphatase pump (37). Those
processes must be maintained even within the hypovascular areas of tumor recurrence. Additionally,
the difference in the thallium uptake indexes between areas of tumor recurrence and normal brain
tissue must be higher than the difference in normalized rCBV ratios, because thallium never accumulates in normal brain tissue, whereas the
rCBV of normal brain tissue is relatively high.
Therefore, thallium indexes might be more sensitive than normalized rCBV ratios in the detection
of early tumor recurrence.
We found a sensitivity of 50% and a specificity
of 90% for perfusion-sensitive contrast-enhanced
MR imaging when the cutoff value of the normalized rCBV ratios was 1.0. Sensitivity was 90% and
specificity was 100% for 201Tl-SPECT when the
cutoff value of the thallium index was 1.0. To our
knowledge, there has been no study of perfusionsensitive contrast-enhanced MR imaging to determine the value of differentiation between tumor recurrence and nonrecurrence. Since the number of
patients in our study was small, a more systematic
evaluation is expected in the future to establish the
efficacy of this technique. As with the 201Tl-SPECT
study, both the sensitivity and specificity obtained
for the perfusion-sensitive contrast-enhanced MR
imaging study were higher than those reported previously (sensitivity and specificity ranged from
67% to 94% and from 40% to 63%, respectively).
Although we do not know why these figures are
higher, the small number of patients may be one of
the reasons (38–41).
Our study has several limitations, or pitfalls.
First, the inclusion of low-grade gliomas, in which
recurrent tumor would not be expected to enhance,
weighted the patient population toward those cases
in which posttherapeutic enhancement was unlikely
to represent recurrent tumor. However, recurrent tumor usually enhances, even if the original tumor
did not (42). In fact, all recurrent gliomas that were
initially diagnosed as low-grade gliomas were
transformed into malignant gliomas (cases 1, 3, and
9).
Second, partial voluming of the lesions may affect the rCBV data. The heterogeneity of rCBV in
these lesions has previously been reported (19–26),
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and averaging a large ROI over the entire lesion
may not provide the best information possible. Although the lesions observed in this study were
small (mean, 17 mm), making it difficult to locate
some ROIs within enhancing lesions in some patients, partial volume effect must be one of the important problems, and maximum rCBV ratios
would have been better than normalized rCBV ratios for evaluation.
Finally, the correlation of conventional MR images, rCBV maps, and 201Tl-SPECT studies may
not always have been complete. For example, high
rCBV areas might exist outside an enhancing lesion, as shown in Figure 2. In this case, the region
more lateral to the area of enhancement seems to
have increased rCBV and to correspond to the region of high thallium uptake. Although we focused
on enhancing lesions in this study, evaluation of
rCBV outside the enhancing lesion may be necessary in future studies.
Recently, proton MR spectroscopy, which allows
in vivo measurement of the concentration of brain
metabolites, such as choline-containing phospholipids, has been evaluated in regard to whether it
can distinguish areas of tumor recurrence from areas of radiation effects. Preul et al (43) showed that
the magnitude of the choline signal provided helpful information in distinguishing between them in
diagnostically difficult cases. However, because of
low spatial resolution, the differentiation may be
difficult in patients with small enhancing lesions,
such as those who were examined in our study.

Conclusion
When a new enhancing lesion develops within
an irradiated area in a patient who was previously
treated by surgery, radiotherapy, and chemotherapy
for intraaxial brain tumors, it may be impossible to
differentiate tumor recurrence from enhancing nonneoplastic tissue, such as radiation necrosis. Perfusion-sensitive MR imaging can offer useful information in such patients. If the normalized rCBV
ratio of the enhancing lesion is more than 2.6 or
less than 0.6, tumor recurrence or radiation necrosis
should be strongly suspected, and we think it is not
necessary to perform 201Tl-SPECT. If the enhancing lesion has a normalized rCBV ratio between
0.6 and 2.6, 201Tl-SPECT may be useful. Perfusion-sensitive MR imaging can easily be added to
a routine MR examination, and may help decrease
the number of patients undergoing 201Tl-SPECT
examination.
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