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Abstract

Brain trauma (BT) is extremely common in the Western society, and has been identified as the main cause of
death and disability in the under-40 age group. Many aspects of the pathophysiological mechanisms involved
and the effect of changes in cerebral metabolism are unclear. The aim of this study was to establish the rela-
tionship between anatomical changes and deranged cerebral perfusion in patients with cerebral contusions,
using Computed Tomography (CT) and Single Proton Emission Computed Tomography (SPECT). Twenty-
two (22) patients who had suffered BT were recruited. All patients underwent SPECT and CT head scans on
the same day. 18 were men. Patient average age was 45.6. Patients were assessed using the Glasgow scale
(average 10.6). Cause of trauma included traffic accidents (9 patients) and falls (13 patients). A 4-slice spiral
CT scan was performed. For each contusion, areas of bleeding, edema, and healthy perilesional tissue were
distinguished. SPECT was performed with 20 mCi of 99 mTcECD using a dual-head gamma camera (128 x
128 matrix). CT scan revealed a single lesion in 12 patients, and more than one lesion in 10. The biggest le-
sions found on CT were located in the frontal region in 13 patients; temporal region in 4; and parietal region
in 1; four patients had poorly defined lesions. A total absence of perfusion was visible in 18 patients in the
hemorrhagic area and in 14 patients in the edema, In 7 cases SPECT showed hypoperfusion that did not cor-
respond to any morphological changes on the CT scan. Quantitative of fused lesions appearing on both CT
scan and SPECT revealed severe perfusion defects in the hemorrhagic area (17.8%) and in the edema
(29.4%). In our study, regional cerebral blood flow adds relevant information on encephalic damage in pa-
tients with BT.
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1. Introduction

Brain trauma (BT) has been called the silent epidemic of
the 21st century. The incidence in Western countries is
200 - 400 in every 100,000 inhabitants/year, and HI
(Head Injury) are the foremost cause of death and dis-
ability in the under 40 age group [1,2]. The findings of a
number of multicenter studies performed in recent years
have shown that mortality rates in general hospitals are
high, generally ranging between 30% and 40%. Neuro-
protective mechanisms employed following trauma are
often less than ideal [3], and neurocritical patient man-
agement tends to focus on reducing or preventing cere-
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bral hypoxia [4]. When metabolic derangements arising
from BT are interpreted it is difficult to determine the
extent and severity of ischemia and cell necrosis and the
significance of the edema [5,6].

Brain trauma (BT) is defined as a physical lesion or
functional deterioration of cranial content owing to an
abrupt mechanical energy exchange [7]. Cerebral contu-
sions are focal lesions in which there are delimited areas
of bleeding, edema, tissue necrosis and destruction of the
central nervous system. Although the severity of the
biomechanical impact is important from the standpoint of
survival and functional outcome, systemic or intracranial
aggressions that appear minutes, hours or days after ac-
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tual trauma occured are responsible for the worsening
condition of many patients presenting with BT [8]. This
implies that the pathophysiological mechanisms that con-
tribute to neuronal injury and affect patients’ clinical evo-
lution need to be identified and remedied.

Following trauma the brain has both a greater chance
of experiencing ischemia and decreased tolerance to hy-
poxia. The appearance of hypoxia or ischemia following
BT is currently attributed to vascular factors that act by
reducing or eliminating the compensatory mechanisms of
cerebral vessels in response to an insult [9]. One of the
first mechanisms that is invariably affected in BT is the
balancing of metabolic demands and substrate supply
from cerebral blood flow (CBF), and it is clear that a
large percentage of patients show a reduction of CBF in
the first hours following BT with respect to the oxygen
metabolism rate [10]. Nevertheless, it continues to be
difficult to know how and when ischemia occurs or the
degree and significance of hypoperfusion, since the ef-
fect of trauma on cerebral circulation and metabolism is
temporary and spatially variable [5,6], and CBF in these
patients fluctuates. In a single patient, areas with de-
creased cerebral flow can coexist with areas of increased
perfusion [11,12].

Although ischemic areas tend to be found in regions
around the trauma lesion [13], they can also be found in
normal brain structures [14], and methods are needed to
determine the borderline between hypoperfusion and
ischemia in contusions. In other words, tissues affected
by hypoperfusion should be defined using areas based
not on spatial contiguity, but on pathophysiological con-
tiguity.

Cerebral SPECT (Single Photon Emission Computed
Tomography) is a tomographic detection technique pro-
viding 3-D information on cerebral perfusion and me-
tabolism. Although the information obtained constitutes
an adjunct to observations made based on neuroanatomi-
cal techniques, the findings can be different from the stru-
ctural changes seen with conventional techniques, and
provide further information determining the presence or
absence of live tissue. Uptake of perfusion tracers re-
quires the existence of viable neuron cells, suggesting
that they are better able to reveal the extent of irreversi-
ble brain lesions than anatomical images alone. Further-
more, the regions adjacent to the contusion correspond-
ing to edema and ischemic penumbra might be defined
through a quantitative uptake assessment with SPECT.

The aim of our study was to determine the relationship
between different neuroimaging patterns, SPECT and CT
(computerized tomography), in assessing the extent and
severity of cerebral perfusion changes in cerebral contu-
sions seen in patients with HI and determining the viabil-
ity of involved brain tissue. For this purpose, a method-
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ology for multimodal recording and quantification of per-
fusion defects was evaluated.

2. Materials and Method
2.1. Patients

Between January 2005 and September 2006, a prospec-
tive assessment was done of a total of 22 consecutive
patients (6 women) average age 45.6 (range: 16 - 75)
who were admitted to the Neurotraumatology Service of
our hospital following BT. All patients presented post-
traumatic cerebral contusions. However, only those that
did not require immediate surgical evacuation were in-
cluded in the study. All were treated in accordance with
the protocol for patients with BT in the guidelines pub-
lished and updated by the Brain Trauma Foundation [15].
A relative of every patient signed informed consent for
the study under a protocol approved by our institution.
The causes of HI among the patients in the study were
an accidental fall (40.9%), traffic accident (22.7%) fall
from a height (18.2%), being struck by a vehicle (18.2%).
In the initial neurological assessment, 31.8% of patients
had severe BT (GCS < 8), 36.4% had moderate BT (GCS
between 8 and 13) and 36.4% had mild BT (GCS > 13).

2.2. Methodology

a) Study sequence

Cerebral SPECT and CT scan were performed on the
22 patients, all with recent trauma, 24 - 48 hours after BT
(average, 39.5 hours). CT and SPECT were performed
the same day, to get images that were as similar as possi-
ble.

b) Acquisition features

CT scan: a 4-slice spiral CT scan was performed (Sie-
mens Somatom DHR, Siemens Medical Systems inc.,
Erlangen, Germany) aligning the gantry with the orbi-
tomeatal line to obtain 10 mm thick slices of the poste-
rior fossa, and 5 mm slices of the supratentorial com-
partment.

Perfusion SPECT: A 20 mCi dose of ECD (Neurolite,
Bristol Myers Squibb) was administered intravenously.
SPECT images were acquired 20 - 30 minutes following
injection of the tracer, using a dual-head Siemens e.cam
gamma camera and parallel LE HR Siemens collimators,
with an elliptical orbit of 360°. Images were obtained
every 3 degrees (20 seconds/frame) with a 128 x 128
pixel matrix, adjusting the 99mTc photopeak with a 15%
window. Frames were reconstructed using filtered back
projection (Butterworth filter, 5/0.4) with compensation
for scatter (Chang p = 0.11/cm. Slices were obtained on
the transversal, coronal and sagittal planes. Any radiation
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protection measures were given because it was a routi-
nary clinical study.

c) Image analysis

The tomographic images were analyzed independently,
qualitatively and quantitatively, by two experienced blinded
nuclear physicians, who in each case had access to the
clinical information and other tests that had been per-
formed.

2.3. Qualitative Analysis

This analysis consisted of a global assessment of cerebral
perfusion/metabolism analyzing cortical and subcortical
regions and the cerebellum. Uptake was assessed in three
grades: normal, hypoperfusion and no uptake [16] by two
experienced observers and discrepancies were solved by
consensus.

2.4. Quantitative Analysis

The algorithms used in the co-registration process and in
the quantitative analysis, were developed in Gregorio
Marafion Hospital Image Laboratory, which was in col-
laboration with our department [29,30]. Images from
both studies (anatomical and functional) were exported
in DICOM format on a PC (intel Pentium 4 with Win-
dows XP). The quantitative analysis was divided into 2
parts. First, a global analysis of total volume of interest
was performed to determine global perfusion in the re-
gions being studied. Subsequently, a small region of in-
terest in the center of the injured area was selected to
avoid scatter to healthy tissue, due to partial volume ef-
fect.

1) Selection of volumes of interest (VOI): CT frames
were used to select slices with visible lesions, and re-
gions of interest (ROI) were delimited for subsequent
analysis. For each contusion the lesion core and perile-
sional edema (ischemic penumbra) were defined. (Fig-
ure 1).

To improve reproducibility a semi-automatic method
was used based on the “seeded region growing algo-
rithm”. This algorithm involves clustering in a region of
interest all interconnected (i.e., adjacent) pixels, starting
from a seed inserted by the user into the region to be
analyzed. Starting with the pixel that has been seeded,
the region grows, adding to the region of interest all
those adjacent pixels with values included in the range
selected by the user and leaving out all those above or
below the upper and lower limits selected. It was discov-
ered that values in Hounsfield Units (HU) at the lesion
core varied between 50 and 75, and values for edema
were in the range of 10 - 25 HU. An ROI was delimited
on the cerebellum. Delimitation was done for both hemi-
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Figure 1. Patient affected of bilateral frontal lesion. We de-
limited volumes of interest in core and in edema on CT
enhanced scan.

spheres, except in cases of cerebellar diaschysis when it
was only done for the “normal’” hemisphere.

To determine lesion volume, the cubic centimeters of
each of the previously measured volumes of interest
were calculated. The co-registration algorithm applied
between SPECT and CT was a rigid register based on
mutual information. Co-register of SPECT and CT im-
ages ensured that they coincided anatomically. Subse-
quently, image fusion was done to check the result in
three spatial dimensions.

To determine the extent of involvement based on ce-
rebral perfusion in the areas of interest, the ROIs de-
fined above on CT were used and an average was ob-
tained for absolute counts for the same regions on SPECT
slices. To quantify the degree of perfusion in both re-
gions of interest (lesion core and edema), the edema/
cerebellum and core/cerebellum ratios were calculated
(Figure 1). Penumbra area was defined in the CT image
and, to quantify brain perfusion, this region of interest
was moved into the co-registered SPECT image and mean
counts were extracted.

Selection of regions of interest (ROI): It was observed
that in pixels adjacent to healthy tissue, or in cases where
the lesion was very small, the values obtained using
VOIs were contaminated due to the partial volume effect,
and consequently the value for cerebral perfusion in that
region was overestimated. A second analysis was there-
fore performed to obtain values that more closely re-
flected the reality. A small region of interest at the geo-
metric center of the lesion volume was taken, with the
aim of finding values with less of a bias due to the partial
volume effect.

d) Statistical analysis
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Variables were analyzed to determine whether their
distribution was normal, using a Kolmogorov-Smirnof
test. After determining that they all fitted a Gaussian
field model, a means comparison test (T-Test) was per-
formed with variable pairs.

To assess the degree of uptake in the edema and the
core and in order to classify the quantitative values, a
distribution of mean was done and it was observed that
there were 3 main classes. For this reason, patients were
divided according to the intensity of perfusion defects
into three categories: group 1 if uptake was below 45%;
group 2 if uptake was between 45% and 55%; and group
3 if uptake was over 55%.

3. Results

Twenty-two cerebral SPECT scans were performed. Ce-
rebral perfusion seen in all of these studies was gener-
ally considered pathological.

3.1. Anatomical Assessment

CT revealed a single lesion in 12 patients (54.5%), and
more than one lesion in 10 patients (45.5%).

Lesions were located in the following regions: left
frontal (n = 4; 18.2%); right frontal (n = 6; 27.3%); bi-
frontal (n = 3; 3.6%); left temporal (n = 2; 9%); right
temporal (n = 2; 9%); right parietal (n = 1; 4.5%); and
poorly defined lesions (n = 2; 9%). Perfusion derange-
ments in the frontal region clearly predominated (58%).

3.2. Qualitative SPECT Assessment

Tracer uptake in the lesion core and the perilesional area
was defined. None of the patients had tracer uptake in the
normal range in these areas. In the lesion core, 18 pa-
tients (82%) showed no tracer uptake while (18%), had
hypoperfusion. In the perilesional region no uptake was
seen in 14 patients (64%), and hypoperfusion was seen in
8 (36%). In 12 patients changes in cerebral perfusion
were observed in more than one location. Of these changes,
4 were regions with hypo-perfusion, of a smaller size
than the main lesion and separated from it by normal
brain tissue. In three cases, the hypoperfused area was
located in the cerebral parenchyma directly opposite the
initial lesion (Figure 2). Hypoperfusion was seen in 7
SPECT cases on SPECT but this did not correspond to
any morphological change on CT.

3.3. Quantitative SPECT Assessment

Statistically significant differences were seen between
edema and lesion core, yielding p = 0.008 when the vari-
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Figure 2. CT and SPECT perfusion imaging of a patient
with left frontal primarily brain trauma. In the hemor-
rhagic lesion seen on the CT in the right posterior temporal
region, SPECT images show an absence of perfusion.

ables reflecting the number of counts in the entire vol-
ume of the lesion (VOI) were analyzed, and p = 0.003
when counts in the geometric center of the lesion (ROI)
were analyzed. Data distribution is shown in Figure 3.

Means, standard deviations and ranges of values for
both analyses in the two regions appear in Table 1. The
for minimum uptake value obtained for perfusion in the
areas of edema and core in the VOI analysis was found
to be higher than the value obtained for the ROI.

For edema, it was observed that with VOI analysis,
36.4% of patients were in group 1, 31.8% of patients in
group 2, and the remainder, in group 3. Taking ROl mi-
nimum value, 81.8% of patients were classified as group
1, 18.2% were in group 2, and no patients had uptake
levels that would include them in group 3.

Table 1. Means, standard deviations and ranges of values
obtained for VOI and ROI analyses in core and edema re-
gions.

% Perfussion

VOI
Edema Core
Media 479 37.1
DE 10.7 10.5
min 14.1 19.2
max 60.3 57.9
ROI
Edema Core
Media 29.4 17.8
DE 135 11.2
min 7.7 3.2
max 50.1 40.9
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Figure 3. (a) Distribution of the number of counts in the entire lesion volume (VOI); (b) Distribution of the number of counts

in the geometric center of the lesion (ROI).

When core uptake was analyzed it was seen that using
VOI analysis, 77.3% of patients were in group 1, whereas
18.2% were in group 2, and 4.5% in group 3. Using ROI
analysis, 100% of patients had uptake levels placing
them in group 1.

4. Discussion

Scientific evidence exists that in cerebral contusions,
injured areas can have different profiles in terms of me-
tabolism and regional cerebral flow (core, perilesional
area, etc). There is also a hypothesis that the lesion core
behaves like an area of tissue necrosis whose metabolic
profiles are incompatible with the survival of brain tissue,
and that the deterioration of areas around the lesion
(ischemic penumbra) precedes neurological deterioration
in those patients, because such areas are unstable both in
time and space, and if a state of ischemia is prolonged
over time, even without a greater reduction in CBF, cell
death may eventually ensue [17-20].

In our study we analyzed 22 patients with BT who
underwent cerebral perfusion SPECT and cranial CT
scan.

In various studies it has been observed that cerebral
SPECT detects a greater number and degree of cerebral
derangements than anatomical techniques such as CT
scan [22,23,28].

In their study, Gray et al. [24] showed that 80% of pa-
tients with BT had altered cerebral perfusion, whereas
only 55% had alterations that appeared on CT scan.
Similarly, a number of studies have shown that the
changes seen in cerebral perfusion can explain sequelae
in patients in the absence of morphological abnormalities
on CT scan.

In our study we observed that in all patients in whom
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lesions appeared on CT scan, a matching area of hypop-
erfusion was seen on SPECT. These lesions were pri-
marily located in the frontal area, the region typically
injured in BT due to the gliding effect of the brain under
the skull [25,28].

Uptake of perfusion defects in core and edema areas
can be obstructed by the partial volume effect. In the
ROI analysis, where the geometric center of the lesion is
used, this interference did not occur, and the average
lesion value was lower. The effect thereof can be more
important when analyzing small size traumas, where the
entire lesion area can be influenced by activity in adja-
cent pixels corresponding to normal tissue.

We feel it is important to mention that parenchyma-
tous lesions were larger and more frequent on SPECT
than with CT scan. Furthermore, hypoperfusion areas
were detected in regions that were ostensibly normal
using CT scan, probably due to changes in remote neu-
ronal activity (diaschysis) [23,26].

An important finding of our study was that in all pa-
tients both the contusion core region and penumbra area
corresponded to an intensely hypoperfused area. Such
findings suggest that in most patients these regions have
little likelihood of tissue recovery. Notwithstanding, low
CBF levels may indicate the existence of ischemia or
down regulated metabolic balance [27]. The uptake thre-
shold for the existence of viable tissue has yet to be de-
termined, although to do so will require following the
long-term evolution of the metabolic activity of cerebral
tissue.

5. Conclusions

Cerebral perfusion SPECT permits determination of ce-
rebral flow in areas with direct trauma lesions, and de-
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tection of distant alterations resulting from the exis-
tence of secondary trauma or dysafferentation. Combin-
ing CT and SPECT assessments makes it possible to de-
termine the extent and severity of cerebral injury in trau-
matic lesions and determine tissue viability in core, edema
and perilesional tissue. Subsequent studies should deter-
mine whether these data have prognostic value with re-
gard to the possibility of neurological recovery in pa-
tients with BT.
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