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9mTc-Methoxyisobutylisonitrile (MIBI) SPECT has been re-
ported to be 100% sensitive and specific in the early differential
diagnosis between neoplastic and nonneoplastic intraparen-
chymal cerebral hemorrhage (ICH), because nonneoplastic ICH
does not show ®mTc-MIBI accumulation on SPECT examina-
tions performed within 48 h from the onset of clinical symptoms.
The aims of this study were to investigate the behavior of
nonneoplastic ICH on more delayed %mTc-MIBI SPECT exam-
inations and to determine how the timing of examination affects
the reliability of ®mTc-MIBI SPECT in differentiating neoplastic
from nonneoplastic ICH. Methods: We prospectively enrolled
32 patients with acute neurologic deterioration caused by non-
traumatic ICH. Patients were randomly allocated to 4 groups of
8 patients each. Patients in the first, second, third, and fourth
groups underwent #°mTc-MIBI SPECT 2, 5, 10, and 30 d, re-
spectively, after the onset of clinical deterioration. Furthermore,
patients in the first group underwent a second °°mTc-MIBI
SPECT examination at 30 d. ®**mTc-MIBI SPECT studies were
visually and semiquantitatively evaluated. Patients were fol-
lowed up to confirm the nonneoplastic etiology of the ICH.
Results: Two of the 32 studied patients, 1 in the second and 1
in the fourth group, were excluded because the ICH turned out
to be related to a neoplastic lesion. Visual analysis showed no
99mTc-MIBI uptake in any patient studied at 2 d, whereas in-
creased radiotracer uptake was found in 1 (14%) of 7, 5 (62.5%)
of 8, and 5 (71%) of 7 patients studied 5, 10, and 30 d, respec-
tively, after clinical deterioration. Moreover, with the semiquan-
titative analysis, a statistically significant difference was found
among 2mTc-MIBI indices in the 4 groups (P = 0.0011). All
patients in group 1 showed a significant ™ Tc-MIBI accumula-
tion when studied at 30 d. Conclusion: Nonneoplastic ICH,
showing no ?*mTc-MIBI uptake within 2 d, can show *mTc-MIBI
accumulation on more delayed imaging. **"Tc-MIBI SPECT can
clearly differentiate between neoplastic and nonneoplastic ICH
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only during the acute phase. Our findings suggest that exami-
nation be performed early after the onset of symptoms and
certainly within 5 d.
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Distinguishing neoplastic from nonneoplastic intracere-
bral hematoma is a challenging problem because neoplasms
can be hidden behind an intraparenchymal cerebral hemor-
rhage (ICH) (/-4) and some hemorrhagic nonneoplastic
lesions may mimic neoplasms on standard neuroradiologic
images (5,6).

In a recent paper (7), *™Tc-methoxyisobutylisonitrile
(MIBI) SPECT was proposed as a useful tool in the early
differential diagnosis of ICH. The differential diagnosis was
based on the lack of radiotracer accumulation in nonneo-
plastic ICH. All cases of ICH in that study were evaluated
within 48 h after the onset of clinical symptoms, and **™Tc-
MIBI SPECT turned out to be strongly sensitive and spe-
cific.

Because the neuropathologic features of ICH are known
to change significantly over time (8-12), the *™Tc-MIBI
SPECT findings for nonneoplastic hemorrhage could be
expected to change concurrently. Furthermore, because pa-
tients may come to clinical attention or undergo **"Tc-MIBI
SPECT during the subacute stage of ICH, verification of the
behavior of *™Tc-MIBI accumulation in nonneoplastic ICH
on delayed SPECT examinations seems to be clinically
relevant. Indeed, if, on delayed SPECT examinations,
9mTc-MIBI is taken up by both nonneoplastic and neoplas-
tic ICH, these 2 entities become indistinguishable.

The aims of this study were to investigate the appearance
of nonneoplastic ICH on early and delayed *™Tc-MIBI
SPECT examinations and to determine how the timing of
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the examination can affect the reliability of *™Tc-MIBI
SPECT in differentiating neoplastic from nonneoplas-
tic ICH.

MATERIALS AND METHODS

Patient Population

We prospectively enrolled 32 consecutive patients (Table 1)
admitted to our hospital because of an acute neurologic deteriora-
tion caused by nontraumatic ICH. ICH was demonstrated by an
emergency CT scan. Each patient had to meet all of the following
inclusion criteria: a nontraumatic acute onset of clinical deteriora-
tion, ICH demonstrated by emergency CT, no known brain neo-
plasm, a single lesion evident on brain CT, no history of previous
ICH, and no need for emergent craniotomy. Patients with pituitary,
pure subarachnoid, or pure intraventricular hemorrhage were ex-
cluded.

After inclusion, patients were randomly allocated to 4 groups,
each consisting of 8 patients. Patients in the first group underwent
9mTc-MIBI SPECT 2 d after the onset of clinical symptoms.
Patients in the second, third, and fourth groups underwent *™Tc-
MIBI SPECT 5, 10, and 30 d, respectively, after the onset. Fur-

thermore, patients in the first group underwent a second *™Tc-
MIBI SPECT examination 30 d after the onset.

All patients were followed up clinically and neuroradiologically
(CT, MRI, and digital subtraction angiography) according to our
standard diagnostic protocols to confirm the nonneoplastic etiol-
ogy of the studied hematomas. Patients were followed up until a
definitive diagnosis was obtained. Data were evaluated after fol-
low-up of all patients had been completed.

The study was approved by our institutional review board, and
informed consent was obtained from each patient.

99mTc-MIBI SPECT Protocol

Images were acquired on a dual-head +y-camera (Odyssey;
Picker International), using a circular orbit and high-resolution
collimators with a 128 X 128 matrix, a 360° rotation, a 3°
step-and-shoot technique, and an acquisition time of 25 s per
frame, 10 min after intravenous injection of 740 MBq (20 mCi) of
99mTc-MIBI. The data were processed using ramp-filtered back-
projection and attenuation correction (correction factor, 0.110)
with a low-pass filter. The data were displayed 2 pixels thick (4.6
mm) in transaxial, sagittal, and coronal slices, followed by orbito-
meatal line reorientation of the reconstructed volume.

TABLE 1
Clinical Data and %*mTc-MIBI Uptake in 32 Consecutive Patients with Intracranial Hemorrhage
Patient Timing Visual MIBI Timing Visual MIBI

no. Age (y) Sex Location (d) analysis index (d) analysis index
1 78 F Left parietal 2 Negative 1.01 30 Positive 2
2 37 F Right temporal 2 Negative 1.02 30 Positive 1.9
3 60 M Left parietal 2 Negative 0.97 30 Positive 2.1
4 80 F Left occipital 2 Negative 1.1 30 Positive 1.8
5 76 F Left frontal 2 Negative 1 30 Positive 2
6 67 F Right parietal 2 Negative 1.08 30 Positive 1.7
7 73 M Right temporal 2 Negative 0.95 30 Positive 1.8
8 69 M Left parietal 2 Negative 1.09 30 Positive 1.7
9 77 F Right temporal 5 Positive 1.7

10 63 F Right frontal 5 Negative 1.08

11 73 F Right temporal 5 Negative 1.2

12 65 M Left parietal 5 Negative 1

13 49 M Right frontal 5 Negative 0.98

14 63 M Left frontal 5 Negative 0.96

15 65 M Right temporal 5 Negative 1.03

16* 64 F Left parietal 5 Positive 2.2

17 55 M Right parietal 10 Positive 1.33

18 78 F Left parietal 10 Positive 1.4

19 71 M Right frontal 10 Positive 1.9

20 81 M Right temporal 10 Positive 1.8

21 76 F Left temporal 10 Positive 1.6

22 69 M Right temporal 10 Negative 1.09

23 65 M Left temporal 10 Negative 1

24 64 F Left frontal 10 Negative 1.03

25 62 M Right parietal 30 Positive 2

26 66 M Left parietal 30 Positive 2.3

27 68 F Left temporal 30 Positive 1.7

28 71 M Right occipital 30 Positive 1.5

29 69 F Left frontal 30 Positive 1.8

30" 70 M Right parietal 30 Positive 2.8

31 61 M Cerebellar 30 Negative 1.1

32 71 M Mesencephalus 30 Negative 1.08

*Patient with neoplastic hemorrhage.
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FIGURE 1.

Patient 19, a 71-y-old man with sudden onset of
left-sided hemiparesis and drowsiness. (A) Emergency CT scan
shows atypically located 5-cm large, inhomogeneous hema-
toma in right frontal region. Lesion is surrounded by moderate
edema and determines compression of lateral ventricles and
subfalcine herniation. (B) ®®™Tc-MIBI SPECT image obtained at
10 d shows ringlike %*mTc-MIBI uptake at periphery of lesion
(arrowheads) (**"Tc-MIBI index = 1.9).

SPECT Data Analysis

9mTc-MIBI SPECT studies were visually and semiquantita-
tively evaluated by 2 independent nuclear medicine physicians (1
more experienced and 1 less experienced) who were aware of the
emergency CT results but not of the other clinical and neurora-
diologic data.

For the visual analysis, findings were considered negative when
activity was absent or faintly increased, compared with the con-
tralateral side, and positive when activity was clearly increased.

For the semiquantitative analysis, after spatial localization of
the lesion using CT as a guide, a round region of interest (ROI)
was drawn encompassing the area of maximal uptake near the
lesion. During this procedure, images were displayed with the base
and window settings held constant. *"Tc-MIBI index was ob-
tained as the ratio of average counts in the lesion ROI to the
average counts in its contralateral homologous mirror image. If the
control ROI was close to the scalp or choroid plexus or if the lesion
was on the midline, the control ROI was drawn on an uninvolved
area of cerebral parenchyma.

Statistical Analysis

Statistical analysis was based on data provided by the first
observer. In addition, data determined by the 2 observers were
evaluated for interobserver agreement; interobserver variability
was measured using the weighted k statistic. Tracer uptake was
compared among the 4 groups using the Fisher exact test for the
visual analysis and using ANOVA with the Tukey test for the
semiquantitative analysis. Finally, the paired ¢ test was used to
assess the difference in tracer uptake between the first and second
examinations for patients who underwent repeated *™Tc-MIBI
SPECT. Computation was supported by the statistical packages
InStat 3.0 and Prism 4.0 (GraphPad Software) and MedCalc
7.2.1.0 (MedCalc Software) for Windows (Microsoft). A P value
of 0.05 was used to define statistical significance.

RESULTS

Thirty-two patients (18 men and 14 women; mean age,
67 y; range, 37-81 y) were enrolled in the study. Patients 16
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and 30, who underwent *™Tc-MIBI SPECT at 5 d (group 2)
and 30 d (group 4), respectively, after symptom onset, were
excluded from the analysis because neoplastic ICH was
diagnosed. The diagnosis of neoplastic ICH was suggested
by neuroimaging and was confirmed by open surgery
(bleeding metastasis from malignant melanoma and hemor-
rhagic glioblastoma multiforme). Both these patients had
positive SPECT findings, with a 2.2 and 2.8 *™Tc¢-MIBI
index, respectively.

Accordingly, 30 patients with a final diagnosis of non-
neoplastic ICH were considered for statistical evaluation.
Visual analysis showed no focal increased tracer uptake
(0% positive findings) in group 1 (day 2). In group 2 (day
5), visual analysis showed increased tracer uptake in 1 of 7
patients (14% positive findings). In group 3 (day 10), visual
analysis showed increased tracer uptake in 5 of 8 patients
(62.5% positive findings) (Figs. 1 and 2). In group 4 (day
30), visual analysis showed increased tracer uptake in 5 of
7 patients (71% positive findings).

Visual analysis showed no significant difference in tracer
uptake between groups 1 and 2 or between groups 3 and 4,
whereas a statistically significant difference was found be-
tween groups 1 and 3 (P = 0.02), groups 1 and 4 (P =
0.001), and groups 2 and 4 (P = 0.03) (Fig. 3). We also
compared patients studied within 5 d (groups 1 and 2) with
patients studied 10 and 30 d after clinical onset (groups 3
and 4, respectively), and we found a statistically significant
difference (P = 0.008 and P = 0.004, respectively).

In the semiquantitative analysis, the **™Tc-MIBI index
for nonneoplastic ICH ranged from 0.95 to 1.1 (mean,
1.03 = 0.06) in group 1, from 0.96 to 1.7 (mean, 1.14 =
0.26) in group 2, from 1 to 1.9 (mean, 1.39 = 0.35) in group
3, and from 1.08 to 2.3 (mean, 1.64 = 0.45) in group 4.
Even using *"Tc-MIBI index values, we found a statisti-
cally significant difference between groups 1 and 3 (P =
0.01), groups 1 and 4 (P = 0.002), and groups 2 and 4 (P =

FIGURE 2.

Patient 17, a 55-y-old man with sudden onset of
cephalalgia. (A) Emergency CT scan shows atypically located
25-mm large, round hematoma in right paratrigonal region. Le-
sion is surrounded by moderate edema. (B) *"Tc-MIBI SPECT
image obtained at 10 d shows homogeneous focal area of
9mTc-MIBI uptake (arrowheads) (**"Tc-MIBI index = 1.33).
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FIGURE 3. Bar graph showing ™Tc-MIBI uptake in 4 groups

of patients who underwent **mTc-MIBI SPECT 2, 5, 10, and 30 d
after onset of clinical deterioration. Statistically significant dif-
ference was found between groups 1 and 3 (*P = 0.02), groups
1 and 4 (*P = 0.001), and groups 2 and 4 (*P = 0.03).

0.02). We also compared patients studied within 5 d (groups
1 and 2) with patients studied 10 and 30 d after clinical
onset (groups 3 and 4, respectively), and we found a statis-
tically significant difference (P = 0.009 and P < 0.001,
respectively).

All patients in group 1, who showed no focal increased
radiotracer uptake at 2 d after the onset of clinical symp-
toms, showed significant *"Tc-MIBI accumulation when
studied at 30 d after the onset (mean %°™Tc-MIBI index,
1.88 = 0.15; range, 1.7-2.1) (Fig. 4). The difference was
statistically significant (P < 0.001).

Finally, agreement between the 2 observers was complete
for the visual analysis and excellent for the **™Tc-MIBI
index (k = 0.98; SE = 0.16).

DISCUSSION

Distinguishing between hemorrhagic intracranial neo-
plasms and nonneoplastic hematomas is often difficult be-
cause of the considerable overlap between their neuroradio-
logic imaging findings (/3-18). Furthermore, because the
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neuroradiologic diagnosis of neoplasm-related hemorrhage
is frequently based on evolution patterns (/3,74), a complex
diagnostic protocol is frequently needed and diagnosis can
be delayed significantly.

In a recent paper (7), ®™Tc-MIBI SPECT was proposed
as a useful tool in the early differential diagnosis of ICH.
The differential diagnosis was based on the presence of
9mTc-MIBI uptake in neoplastic ICH and the lack of radio-
tracer accumulation in nonneoplastic ICH. All the cases of
ICH in that study were evaluated within 48 h from the onset
of clinical symptoms, and **"Tc-MIBI SPECT turned out to
be 100% sensitive and specific.

The lack of metabolically active cells, whose presence
seems strongly related to **™Tc-MIBI retention (19-22),
was considered responsible for the absence of **"Tc-MIBI
accumulation in early-phase nonneoplastic hematomas.

However, the neuropathologic features of ICH signifi-
cantly change over time with the proliferation of many
metabolically active cells, mainly at the periphery of the
lesion (8—12). Enzmann et al. (8), who studied the evolution
of intracerebral hemorrhage using a canine model, catego-
rized the evolution of intracerebral hemorrhage into 4 stag-
es: acute, subacute, capsule, and organization. In the acute
stage (days 1-3), only mild perivascular inflammatory re-
action and a narrow zone of neuron death may occur. In the
subacute stage (days 4—8), inflammation peaks, foamy mac-
rophages and fibroblasts appear peripherally, and reactive
astrocytes appear in the surrounding brain. During the cap-
sule stage (days 9-13), macrophages and fibroblasts in-
crease and vascular proliferation begins to encroach on the
hematoma from the periphery. At the same time, inflamma-
tion regresses and reactive astrocytosis becomes pro-
nounced. The formation of a dense capsule at the edge of the
hematoma and a less organized collagen proliferation in the
center of the hematoma occurs in the organization stage
(days 13 and on).

Our study demonstrated that nonneoplastic brain hema-
toma may show radiotracer accumulation on **"Tc-MIBI
SPECT and that, because of the neuropathologic changes
that occur over time, the appearance is related to the timing
of the examination. This concept is particularly supported
by our results for the patients who underwent 2 different
SPECT examinations—at 2 d and at 30 d—because no

FIGURE 4. Patient 5, a 76-y-old woman
with sudden onset of aphasia, right-sided
hemiparesis, and drowsiness. (A) Emergency
CT scan shows atypically located hematoma
in left frontal region with subarachnoid spread-
ing (arrowheads). Lesion is surrounded by
moderate edema. (B) *mTc-MIBI SPECT im-
age obtained 2 d after onset of clinical deteri-
oration shows no ®mTc-MIBI uptake (*"Tc-
MIBI index = 1). (C) ®*™Tc-MIBI SPECT image
obtained 30 d after onset of clinical deterio-
ration shows ringlike **mTc-MIBI uptake (ar-
rowheads) (¥™Tc-MIBI index = 2).

577



reasonable hypothesis other than the timing of the exami-
nation could explain the difference in the appearance of
nonneoplastic ICH in these 2 examinations (Fig. 4).

Although *™Tc-MIBI uptake has never, to our knowl-
edge, been reported in patients with nonneoplastic brain
hematomas (22), radiotracer accumulation has been de-
scribed in patients with ICH studied by 2°'T1 SPECT (23—
25), BE-FDG PET, and !'C-methionine PET (26-28). In-
terestingly, in 7 cases of nonneoplastic hematoma evaluated
by 'C-methionine PET in 2 different studies (26,27), up-
take occurred in 6 patients studied 20—45 d after the bleed-
ing, whereas no ''C-methionine accumulation occurred in a
cerebellar hematoma studied only 5 d after the bleeding.
Furthermore, of 6 patients with intracranial hemorrhage
studied by 20'T1 SPECT 9-39 d after the bleeding, 1 showed
focal radiotracer accumulation (25).

In the present study, we found *™Tc-MIBI accumulation
on delayed examinations. Particularly, we found a statisti-
cally significant difference in tracer uptake between patients
studied within 5 d after symptom onset (groups 1 and 2) and
patients studied at 10 and 30 d (groups 3 and 4, respectively)
after symptom onset.

9mTc-MIBI accumulation was detected in all but 2 pa-
tients studied 30 d after symptom onset. Noteworthy, the
ICH of those 2 patients was in the posterior fossa. This
different location of the ICH may have been responsible for
its different appearance on *™Tc-MIBI SPECT (29).

On *mTc-MIBI SPECT examinations with positive find-
ings, most nonneoplastic hematomas showed a ringlike pat-
tern of accumulation (Figs. 1B and 4C). This pattern could
be explained by peripheral accumulation of metabolically
active cells. Ringlike radiotracer accumulation in brain he-
matomas is not completely surprising, because it has previ-
ously been reported in a few patients imaged with 0TI (24)
or ''C-methionine (26,27) and is similar to the ring enhance-
ment that can be seen on CT scans (8—117,30). A ringlike
pattern of *™Tc-MIBI accumulation is not specific to non-
neoplastic ICH; other pathologic entities such as metastases
and high-grade gliomas may have a similar appearance (22).
However, additional studies are needed to verify whether a
differential diagnosis may be obtained by means of *™Tc-
MIBI indices.

This study demonstrated that the reliability of *™Tc-
MIBI SPECT in revealing neoplastic ICH significantly de-
creased as the time between bleeding and examination in-
creased. No patients with nonneoplastic ICH in this study
showed "Tc-MIBI accumulation at 2 d, whereas 14% of
patients studied at 5 d, 62.5% of patients studied at 10 d, and
71% of patients studied at 30 d showed radiotracer uptake.

Our study suffered from some limitations. One limitation
could be the small number of patients who underwent
repeated **"Tc-MIBI SPECT examinations at different
times. However, certain ethical considerations discourage
performing multiple SPECT examinations on the same pa-
tient, and we believe that our goal (i.e., to demonstrate a
difference in appearance for nonneoplastic hematomas on
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early and delayed **"Tc-MIBI SPECT images) was never-
theless achieved.

Another limitation could be the lack of histopathologic
specimens for correlation of imaging findings with patho-
logic findings. This limitation could not be obviated, be-
cause biopsies cannot be performed in the clinical setting of
intracerebral nonneoplastic hematomas. However, the pre-
vious studies on the neuropathology of intracranial hemor-
rhage (8—12) permit us to reliably hypothesize the patho-
logic abnormalities that may correlate with and explain the
imaging findings.

CONCLUSION

Nonneoplastic ICH, showing no *™Tc-MIBI uptake
within 2 d, can accumulate **"Tc-MIBI on more delayed
imaging. *"Tc-MIBI SPECT can clearly differentiate be-
tween neoplastic and nonneoplastic ICH only in the acute
phase. Our findings suggest that the examination should be
performed early after symptom onset and certainly within
5d.
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