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Head trauma affects thousands of people every year.

Neuroimaging techniques provide some of the most

important diagnostic, prognostic, and pathophysiologi-

cal information in the management of brain injury.

Anatomical imaging modalities can help assess intracra-

nial hemorrhage, fractures, and other structural lesions.

Functional imaging has been shown to be helpful in

assessing the areas of the brain affected by the trauma

as well as determining long term prognosis and reha-

bilitation potential. This article will review the current

uses of neuroimaging techniques in head trauma and

delineate future applications.
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HEAD TRAUMA AFFECTS several hundred
thousand individuals in the United States

each year. It has been estimated that as much
as seventy-five thousand brain injuries (approxi-
mately 20% of all head injuries) each year result in
long-term disability and neuropsychological dys-
function.1 Motor vehicle accidents cause a large
proportion of head injuries, particularly in the
young male population. However, people in all age
groups are subject to various causes of head
trauma. In fact, the overall incidence of traumatic
brain injury is similar to the incidence of stroke in
the general population. The mortality associated
with brain injury is the highest during the first 48
hours after trauma.2 Since appropriate medical and
neurological assessments of these patients plays an
important role in initiating the needed therapies
and determining prognosis, various neuroimaging
methods have been employed in order to determine
the extent and nature of brain injuries. The neuro-
imaging techniques include x-ray computed tomog-
raphy (CT), magnetic resonance imaging (MRI),
positron emission tomography (PET), and single-
photon emission computed tomography (SPECT).
This review will consider the current and future
applications of these imaging modalities as they
pertain to the study and management of head trauma.

The development of modern tomographic anatom-
ical imaging has had a major impact on the diagnosis
and management of head trauma patients. While MRI
is more sensitive and accurate in diagnosing cerebral
pathology,3,4 CT is considered the most critical im-
aging technique for the management of head injured
patients in the first 24-48 hours.5,6

Importantly, CT imaging can be relatively easily
performed while the patient is maintained by life
support equipment. The ability to obtain images
while on life support has been a more recent
development with MRI, but usually presents some
difficulty. Yealy and Hogan7 indicated that CT is
the procedure of choice for moderate to high risk
head trauma patients. Low risk patients can often
be observed without performing imaging studies at
all. However, another study found that CT scans
detected abnormalities in approximately 8% of
patients with mild head trauma and less than one
percent required neurosurgical intervention.8 High-
risk clinical variables such as the presence of
cranial soft tissue injury, focal neurological defi-
cits, signs of basilar skull fracture, and an age over
60 years, can be used to determine which patients
require CT scanning.8 A retrospective study by
Reinus et al9 indicated that patients with evidence
of alcohol intoxication, a history of amnesia, or
focal neurological deficits would most benefit from
CT evaluation.

CT is superior to MRI in detecting bony frac-
tures of the skull as well as epidural hemorrhage
and subarachnoid hemorrhage.7,10,11 CT is also an
excellent imaging technique for distinguishing pa-
renchymal hemorrhage from edema and is success-
ful in detecting surgically significant lesion.12 CT
is typically more available, more cost effective,
and requires a shorter period of time for scanning
than MRI.

Today, MRI is still limited by its difficulty
evaluating skull fractures, the degradation of MR
images by motion artifact in agitated patients, and
the difficulty in monitoring patients during MRI
due to the need for nonferromagnetic monitoring
equipment12. However, with the introduction of
equipment which allows for better patient monitor-
ing during MR imaging and short imaging times,
MRI may become a more useful tool for the early
evaluation of acute brain injury13,14. For now, it
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appears that CT is still the imaging study of choice
in the acute management of brain injury.

POSTITON EMISSION TOMOGRAPHY (PET)

A number of studies using PET for the evalua-
tion of patients with head trauma have been re-
ported in the literature. The major limitation of
PET imaging is that it cannot distinguish between
functional abnormalities specifically related to
structural damage from those which are not asso-
ciated with clear structural damage.15 Therefore, it
is essential that PET images are compared to the
corresponding anatomical images generated by
MRI or CT. In general, studies have found that
cerebral dysfunction can extend far beyond the
boundary of anatomical lesions and may even
appear in remote locations from the trauma.15,16

Alavi et al.14 showed that approximately 33% of
anatomical lesions were associated with larger and
more widespread metabolic abnormalities. As
much as 42% of PET abnormalities were not
associated with any anatomical lesions.

Lesions such as cortical contusions, intracranial
hematoma, and resulting encephalomalacia typi-
cally have metabolic effects that are confined
primarily to the site of injury (Fig. 1). Subdural and
epidural hematomas often cause widespread hypo-
metabolism and may even affect the contralateral

hemisphere or cerebellum.17 Diffuse axonal injury
(DAI) has been found to cause diffuse cortical
hypometabolism as well as markedly decreased
metabolism in the parieto-occipital cortex.14 This
is particularly true in the visual cortex of patients
with DAI when compared to normal subjects and
patients with other types of head injuries (Fig 2).
The cause of this parieto-occipital hypometabolism
is not completely known. However, it is believed
to result either from disruption of callosal input
into the visual cortex or from disruption of primary
visual input due to the shearing axonal injuries of
the optic and geniculo-calcarine tracts.14

Of particular relevance to the use of PET imag-
ing in brain injury is that ischemic cell damage
occurs in over 90% of these patients.18 This isch-
emic cell damage is probably mediated by the
release of various toxins in response to the molec-
ular events associated with brain injury. This also
leads to an ischemia-reperfusion type of injury.19,20

Most ischemic changes in brain injury are ob-
served in the fronto-parietal watershed regions and
have been noted particularly in patients with severe
brain injuries.21 A study by Yamaki et al.22 used
PET scans to determine cerebral blood flow (CBF),
oxygen metabolism and the oxygen extraction
fraction (OEF) in patients with severe brain injury.
The results suggested that patients with long last-

Fig 1. (A) CT image of a patient with head trauma who sustained a left sided epidural hematoma. (B) The corresponding FDG

PET scan shows hypometabolism in the left hemisphere extending beyond the area directly affected by the hematoma and

including the temporal and parietal cortices. (Reprinted with permission from Newberg A, Alavi A: Neuroimaging in patients with

head trauma, Nucl Med Ann, 1996, pp 195-212).
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ing anaerobic glycolysis with a high OEF and a
relatively low metabolic ratio of oxygen metabo-
lism to glucose metabolism were predictors for a
poor outcome. Furthermore, it was suggested that
the mechanism of these metabolic derrangements
may not be related to protracted tissue hypoxia, but

rather to the elevation of lactate levels. This study
was performed with a small number of subjects
and thus, more studies to corroborate the findings
will be necessary.

Crossed cerebellar diaschisis, as well as ipsilat-
eral cerebellar hypometabolism, has been reported
in brain injury patients with supratentorial lesions
(Fig 3). A study by Alavi et al.23 showed that 40%
of diffuse lesions observed in head trauma patients
were associated with right sided cerebellar hypo-
metabolism while only 20% were associated with
left sided cerebellar hypometabolism. More impor-
tantly, 40% of focal unilateral lesions were asso-
ciated with contralateral cerebellar hypometabo-
lism. This was significantly greater than the 19% of
the focal unilateral lesions that were associated
with ipsilateral cerebellar hypometabolism. Simi-
lar results were found when comparing other types
of brain injury such as cortical contusions, hemi-
spheric penetration injuries, intracerebral hemato-
mas, basal ganglia hemorrhages, and extraparen-
chymal lesions. The most pronounced contralateral
hypometabolism for all categories of focal lesions
was noted for those lesions ranked by a neurosur-
geon as the patient’s most severe injury. Of pa-
tients with focal injuries alone, virtually all had
contralateral and none had ipsilateral cerebellar
hypometabolism to the most severe lesion. Inter-
estingly, patients with both focal and diffuse inju-

Fig 2. FDG PET scan of a head injury patient demonstrat-

ing significant hypometabolism in the left visual cortex.

Fig 3. FDG PET scan of a patient with a head injury that resulted in hypometabolism in the left temporal lobe (A) with associated

crossed cerebellar diaschisis demonstrated by hypometabolism in the right cerebellum (B).
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ries did not show any predilection for the laterality
of cerebellar hypometabolism. The results obtained
from patients with serial PET scans showed that
cerebellar hypometabolism is not consistent with
time. This may be due either to the reversibility of
cerebellar diaschisis resulting from acute brain
injury or may be related to the competing effects of
multiple lesions in the same patient. Another PET
study of cerebellar diaschisis utilizing both FDG
for glucose metabolism and 11C Flumazenil bind-
ing to benzodiazepine receptors demonstrated
changes between children and adults with regard to
changes in cerebellar function associated with
cortical injury.24 Children with injuries before 1
year of age were found to have significantly higher
glucose utilization in the contralateral posterior
quadrangular and superior semilunar lobules of the
cerebellar cortex than did adults. In terms of
benzodiazepine receptor activity in the cerebellum,
half the children had increased benzodiazepine
receptor binding in the dentate nucleus contralat-
eral to the lesion. The other half had no increase in
dentate nucleus, but showed increased binding in
the lateral lobules of the cerebellar cortex con-
tralateral to the lesion. On the other hand, adults
had increased benzodiazepine receptor binding
only in the contralateral dentate nucleus and not in
the cerebellar cortex.

Alavi14 found a good correlation between the
severity of head trauma as measured by the Glas-
gow Coma Scale and the extent of whole brain
hypometabolism as measured by FDG-PET. No

significant differences in cerebral metabolism were
observed between head trauma patients with a
GCS of 14 or 15 and normal controls. Head trauma
patients with GCS scores of 13 or lower did have
significantly decreased cortical glucose metabo-
lism. Therefore, cerebral metabolism is believed to
be a good indicator of functional activity in pa-
tients with head trauma. However, a more recent
study of 42 patients with head injury found a
higher prevalence of metabolic abnormalities in
the more severely injured patients even though the
magnitude of the abnormality did not significantly
correlate with the level of consciousness.25 This
finding suggests that while PET might be helpful in
evaluating head injury patients, the metabolic ab-
normalities may be associated with a multifactorial
etiology. Other studies have shown that hypome-
tabolism measured by PET images correlates with
neuropsychological and language testing. One
study observed a significant correlation between
cognitive and behavioral disorders and decreased
cortical metabolism in the prefrontal and cingulate
cortex in patients with severe traumatic brain
injury.26 Studies have shown that PET findings
correspond well with the site and extent of cerebral
dysfunction as determined by neurological and
behavioral evaluations even though CT imaging
did not.27 Ruff et al.28 studied six head trauma
patients and found that five had decreased anterior
frontal cerebral metabolism as measured by PET
(Figs 4 and 5). This study also indicated that the
hypometabolism correlated well with generalized

Fig 4. FDG PET scan of a head injury patient demonstrating significant hypometabolism in both frontal lobes.
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cognitive dysfunction and behavioral changes in
these patients as measured by neuropsychological
testing. This study is somewhat difficult to inter-
pret since there were not enough subjects for
adequate statistical analysis. Furthermore, with the
use of quantitative PET, more accurate correlations
might be found. The relatively good correlation
between PET and neuropsychological dysfunction
may be related to the ability of PET to measure
regional brain function regardless of structural
damage observed on anatomical imaging of CT or
MRI. This may explain why functional imaging
may correlate better with neuropsychological dys-
function. Follow-up CT scans of head trauma
patients did reveal structural abnormalities such as
encephalomalacia and atrophy that were consistent
with the PET images, neurologic examination, and
behavioral assessment findings. Further, global and
regional metabolic rates have been found to im-
prove as patients clinically recover from head
trauma.16,17 Thus, PET imaging may have impor-
tant implications for rehabilitation potential with
regard to predicting which patients will be more
likely to recover function.27 However, more stud-
ies will be needed to clarify such assessments.

A study by Humayun29 used FDG-PET to mea-

sure local cerebral metabolic rates for glucose
(LCMRGlu) in three patients with mild to moder-
ate closed brain injury. The brain injury patients
were between 3-12 months post-injury and all had
deficits in attention and recent memory as deter-
mined by neuropsychological testing and all had
normal CT, MRI, electroencephalography (EEG)
and drug screens. Subjects were scanned with PET
while performing a vigilance task. While, there
were no significant differences found in global
cerebral glucose metabolism in brain injury pa-
tients compared to controls, the patients with brain
injury had significantly decreased rCMRGlc in the
medial temporal, posterior temporal, and posterior
frontal cortices. They also had decreased metabo-
lism in the left caudate nucleus compared to
controls. The rCMRGlc was significantly increased
in brain injury patients in the anterior temporal and
anterior frontal cortices compared to controls.
These results indicated that brain injury patients
can have regional glucose metabolic abnormalities
despite normal CT, MRI, or EEG results. While the
number of subjects was small in this study, the
results corroborate other reports regarding changes
in cerebral metabolism despite normal anatomical
findings. A more recent study suggested that fron-

Fig 5. FDG PET scan of a head injury patient demonstrating significant hypometabolism in the right frontal lobe as well as

diffuse hypometabolism throughout the posterior cortical areas consistent with diffuse axonal injury. (Reprinted with permission

from Newberg A, Alavi A: Neuroimaging in patients with head trauma, Nucl Med Ann, 1996, pp 195-212).
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totemporal damage from inertial strain might be
associated with the disabling syndrome that may
occur after head injury consisting of head, neck,
and back pain; impaired short-term memory and
concentration; fatigue and a loss of stamina; poor
balance; and a change in personality.30 PET find-
ings might be particularly useful in evaluating
patients with these symptoms after head injury.

It has also been found that after head injury,
even though a patient may be in a persistent
vegetative state, their brain actually responds to the
emotional attributes of sound or speech. This was
determined using PET to measure CBF changes
when a story was told by a patient’s mother.31

During auditory presentation, there was increased
activity in the rostral anterior cingulate, right
middle temporal, and right premotor cortices.

An interesting PET study utilizing carbon-11-
labeled diacylglycerol measured phosphoinositide
turnover to observe the process of recovery from
injury in human brain.32 Patients with focal brain
injury exhibited areas of increased activity in the
association areas distant from the lesion. The
investigators indicated that such a finding suggests
initiation of reorganization of neural connections
occurs in the remote association areas rather than
in the area surrounding the brain injury. However,
PET imaging may not be as helpful in determining
overall prognosis in head injury patients, particu-
larly children and adolescents, with respect to
rehabilitation.33

The future goals of PET imaging in brain injury
patients was recently delineated.34 PET studies are
required to detect ischemic lesions that develop
soon after head trauma and help to clarify the
significance of ischemia both clinically and patho-
physiologically in these patients. PET can also be
used to diagnose patients with diffuse axonal
injury in order to determine the extent of damage
and prognosis. PET studies may help delineate
reversible and irreversible lesions in order to direct
therapeutic interventions towards preventing fur-
ther damage.

SINGLE PHOTON EMISSION COMPUTED
TOMOGRAPHY (SPECT)

SPECT studies have yielded results similar to
those found with PET scans in patients with head
trauma. SPECT is capable of detecting abnormal-
ities in cerebral blood flow that indicate areas of
dysfunction in brain injury. A large study of 228

patients with mild or moderate head injury who
received SPECT imaging demonstrated a number
of abnormalities.35 The subjects in this study re-
ported headache (60.9%), memory problems
(27.6%), dizziness (26.7%), and sleep disorders
(8.7%) as the most common symptoms. Subjects
studied within 3 months of the injury demonstrated
more lesions than those studied after 3 months. In
patients with mild head injury and a normal CT,
68% had an abnormal SPECT study. Focal areas of
hypoperfusion were seen in over three fourths of
patients with head injury with the most frequent
sites the basal ganglia and thalami, frontal lobes,
temporal lobes, parietal lobes, and the insular and
occipital lobes. This study helped to demonstrate
the most common characteristics and findings in
patients with head injury. Another study utilizing
I123 iodoamphetamine demonstrated a good corre-
lation between patient outcome and CBF values36.
Quantitative and sequential CBF studies with I123

iodoamphetamine SPECT are promising for help-
ing to determine the prognosis for patients with
diffuse brain injury.

While it is well established that blood flow and
metabolism are coupled in most disease states,
acute states associated with brain injury can result
in an uncoupling between these two functional
parameters.37 Therefore, the value of cerebral
blood flow studies measured by SPECT in the
acute phase of head trauma may be limited. In spite
of this limitation, SPECT has generally been found
to be more sensitive than CT for detecting lesions
in patients with brain injury. Specifically, investi-
gators have found a greater number of abnormali-
ties detected earlier on HMPAO SPECT scans
compared to CT.38-42 Gray et al43 reported that
80% of brain injury patients had cerebral blood
flow deficits on SPECT while only 55% were
found to have abnormalities on CT scans. The
lesions found on SPECT generally are larger in
size than those detected with CT. Roper et al.44

found that while 39% of lesions in brain injury
patients on SPECT were not seen with CT, 27% of
lesions found on CT were not found on corre-
sponding SPECT images. The results from this
study led the authors to the conclusion that some
types of cerebral contusions are associated with
decreased blood flow while others are not. Not
only can there be changes in blood flow, but there
can also be defects in the blood brain barrier
(BBB). One study reported that 75% of brain
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contusions were accompanied by an abnormality
of the blood brain barrier.45 A survey of 32 SPECT
studies demonstrated a number of abnormal find-
ings in patients with mild head injuries.46 The
authors concluded that brain perfusion imaging is
valuable and sensitive for the evaluation of cere-
bral perfusion changes following mild traumatic
brain injury; that these changes can occur without
loss of consciousness; that SPECT is more sensi-
tive than computed tomography in detecting brain
lesions; and that the changes observed on SPECT
imaging may explain a neurological component of
the patient’s symptoms in the absence of morpho-
logical abnormalities. Another study demonstrated
that quantitative cerebral blood flow as determined
by SPECT imaging may be useful in the clinical
setting since such measures correlate with symp-
toms related to aphasia, dementia, and altered
consciousness.47

Roper et al.44 found that SPECT images indi-
cated blood flow to injured areas was similar to
that in the non-injured brain areas. This may have
resulted from luxury perfusion to these areas with
the subsequent uncoupling of cerebral blood flow
with cerebral metabolism. Fumeya et al.48 reported
that lesions detected with CT ranged from hyper-
perfused to hypoperfused on SPECT. However,
lesions not detected with CT were found to be only
hypoperfused on SPECT. A more recent study
found that 38% of patients with focal cerebral
damage had areas of hyperemia primarily in the
structurally normal tissue that was immediately
adjacent to intraparenchymal and extracerebral
lesions as determined by MRI or CT.49 This same
study reported that the incidence of brief or no loss
of consciousness was significantly higher in pa-
tients with hyperemia than in those without hyper-
emia. Furthermore, patients with hyperemia were
also found to have a lower mortality than those
without hyperemia. While global hyperemia has
been considered to be a more acute process asso-
ciated with increased intracranial pressure, deep
coma, and poor prognosis, this study suggested
that those patients with focal hyperemia may actu-
ally have a better outcome.

Broich et al.50 investigated cerebral blood flow
in patients with severe brain injury using SPECT.
SPECT imaging demonstrated similar, but more
extensive, abnormalities than either MRI or CT.
This was particularly the case in acute or subacute
brain injury. Ten of the twelve patients studied

with SPECT were found to have at least one region
of hyperemia. In eight of these patients, the area of
hyperemia correlated with the major neurological
deficit. Follow-up SPECT scans more than six
months after the trauma were obtained in four of
the patients. The follow-up scans revealed that
previously hyperemic areas now had hypoperfu-
sion in two subjects, while two subjects had a
normalization of blood flow in those areas. The
hypoperfused areas corresponded to hypodense
areas on CT images. The two patients with hypo-
perfusion had no clinical improvement while the
patients whose CBF had normalized experienced
clinical improvement. It was suggested by the
authors that this hyperemia may represent “luxury
perfusion” in the early phases of brain injury.
Therefore, SPECT may be useful in detecting areas
which correspond to chronic neurological dysfunc-
tion such as motor or visual field deficits (Fig 6).
Another finding of this study was that patients with
DAI had a widespread reduction in cortical activ-
ity. Additionally, SPECT scans in eight of ten
patients with hemiplegia demonstrated crossed cer-
ebellar diaschisis. Thus, both SPECT and PET are
capable of detecting alterations in cerebellar func-
tion as the result of brain injury.

SPECT has been found to be better than CT in
distinguishing lesions with a poor prognosis from
those with a favorable prognosis. Patients with
larger lesions, multiple defects and lesions involv-
ing the brain stem on SPECT tend to have a poorer
overall outcome compared to patients with smaller,
non-focal lesions.51,52 Lesions detected by SPECT in
the temporal lobes, parietal lobes, and basal gan-
glia have been found to be associated with a poorer
outcome than other parenchymal lesions (Fig 7).
Another study indicated that a negative initial
SPECT scan after trauma is a good predictor for a
favorable clinical outcome.53 In a similar study,
patients with the greatest disability were found to
have the greatest number of lesions and the lowest
cerebral blood flow as determined by SPECT40.
These finding have been corroborated by other
studies which have shown that SPECT scans more
closely correlate with long-term outcome in head
trauma patients compared to either MRI or CT.52

Further, there is a strong correlation between the
GCS and the global cerebral blood flow. Another
study suggested that the combination of MR and
SPECT studies might be able to better determine
prognosis in brain injury patients.54 This study
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reported that the combination of cortical contu-
sions and DAI on MR images with cortical and
thalamic hypoperfusion on SPECT occurred in
eight of twelve patients with an unfavorable out-
come. Unfortunately, this was a small study, and
studies with a larger number of patients comparing
the use of MR and SPECT both separately and
together will be needed to elucidate the ability of
these modalities in determining prognosis in head
trauma patients.

Oder et al55 compared SPECT findings to be-
havioral and neuropsychological measures in pa-
tients who had suffered severe closed brain injury.
The results from this study suggested that de-
creased blood flow to the frontal lobes was signif-
icantly correlated with disinhibitive behavior.
There was also a significant correlation between
decreased blood flow in the left cerebral hemi-
sphere and increased social isolation. Interestingly,

diminished cerebral blood flow in the right hemi-
sphere was associated with increased aggressive
behavior. The results from this study suggest that
SPECT findings may help determine the behav-
ioral and psychosocial sequelae of head trauma.
Another study demonstrated that with improve-
ment of clinical symptoms, SPECT findings simi-
larly improve56. A SPECT study by Goldenberg et
al.57 showed that in patients with chronic neuro-
logical damage from brain injury, while there was
a significant correlation between frontal lobe per-
fusion and executive functioning, the perfusion to
the thalamus provided a stronger correlation. The
relationship between thalamic perfusion and neu-
ropsychological testing may be related to a deaf-
ferentation of cortical association areas secondary
to damage to the thalamus. Alternatively, cortical
damage may result in dysfunction of the thalami
resulting in decreased thalamic perfusion. The

Fig. 6. HMPAO SPECT scan of a patient with head injury approximately 3 years prior to the scan, demonstrating a significant

perfusion defect in the left medial occipital area extending to the visual cortex on the affected side. This finding corresponded to

the clinical feature of a right homonymous hemianopsia (Reprinted with permission from Alavi A, Hirsch LJ: Studies of central

nervous system disorders with single photon emission computed tomography and positron emission tomography: Evolution over

the past two decades. Sem Nucl Med 21:58-81, 1991).
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reciprocal effects of the thalami and the cortex are
related to the heavy neuronal interconnections
between the two. A case report of a subject with
obsessive compulsive disorder that resulted from a
brain injury to the frontal lobes reported hypoper-
fusion on SPECT images in both fronto-temporal
regions and increased perfusion in the anterior
striatum (both resolved upon resolution of the
patient’s symptoms) supporting the role of SPECT
in evaluating behavior and psychological changes
associated with brain injury.58

Gray et al.43 used SPECT to study patients with
a remote history of head trauma and found that
80% of brain injury patients had deficits of re-
gional cerebral blood flow. By comparison only
55% of those same patients were found to have
lesions on CT. This difference was similar for
patients with both minor and severe head injuries.

Patients with minor injuries were found to have
deficits on SPECT in 60% of the cases while CT
detected lesions in only 25% of the cases. How-
ever, this study did not demonstrate a relationship
between clinical deficits utilizing neuropsychiatric
testing and regional cerebral blood flow. One other
limited study demonstrated that neurpsychologcal
deficits could predict the perfusion abnormalities
on SPECT, but SPECT findings could not predict
the neuropsychological deficits.59

CONCLUSION

Neuroimaging is a crucial technique for evalu-
ating and managing head trauma. CT is considered
the imaging modality of choice in the management
of acute brain injury. CT provides a rapid assess-
ment of structural brain injuries, is readily avail-
able in most medical institutions, and is of rela-

Fig 7. HMPAO SPECT scan of a patient with acute head injury demonstrating significant hyperemia in the right basal ganglia.

The remainder of the cerebral perfusion is within normal limits (Reprinted with permission from Alavi A, Hirsch LJ: Studies of

central nervous system disorders with single photon emission computed tomography and positron emission tomography:

Evolution over the past two decades. Sem Nucl Med 21:58-81, 1991).

144 NEWBERG AND ALAVI



tively little cost. CT provides information
regarding intracranial bleeds which may be asso-
ciated with mass effect and which may require
immediate surgical intervention. CT is also the
most useful technique for detecting bone injuries
such as fractures. However, CT is generally not as
sensitive as MRI for detecting parenchymal le-
sions. Although MRI is more expensive, it is
becoming widely available and is superior to CT
for detecting intracranial lesions and hemorrhage.
Despite the extensive use and significance of ana-
tomical imaging techniques in the evaluation of
patients with head trauma, it has yet to be deter-
mined whether the lesions seen on CT or MRI
correlate well with cognitive dysfunction and over-
all outcome. In fact, studies to date show that this
poor correlation may be one of the major limita-
tions of MRI and CT.

The functional imaging techniques of PET and
SPECT can play a complementary role to anatom-
ical imaging by providing additional pathophysio-
logical and clinical information. PET and SPECT
can reveal areas of hypometabolism or hypoperfu-
sion that are not associated with anatomical abnor-
malities. PET and SPECT have also been shown to
be able to detect more lesions compared to CT.
However, it has not yet been shown that PET and
SPECT can detect more lesions than MR imaging.
MRI is especially sensitive for detecting small
lesions because of its excellent spatial resolution,
however, the clinical relevance of these lesions
remains to be fully evaluated. PET and SPECT do
not have the resolution of MRI, but their ability to
measure cerebral function may be more important
for evaluating brain injury especially in the chronic
setting. Studies to date have shown that PET and
SPECT may correlate better with outcome and
cognitive dysfunction compared to MRI or CT.
Furthermore, even though neuropsychological test-
ing is necessary to help guide rehabilitation, func-
tional imaging may indicate the possibility for
rehabilitation in terms of outcome. and can help

identify areas involved other than those that spe-
cifically correlate with neuropsychological testing.
Therefore, functional imaging can identify affected
brain areas that may be missed by a particular
neuropsychological battery as well as indicate
which areas of decreased function may be more
likely to normalize over time. Functional imaging
can also be used to assess progress over time, even
though it needs to be compared to neuropsycho-
logical testing. Until recently, PET has not been
widely available for use in many medical centers
and therefore its use for acute head trauma patients
has been quite limited. However, with the wider
availability of PET in the clinical setting, there
may be renewed interest in utilizing PET to eval-
uate the acute and chronic phases of head trauma.
SPECT generally has been more available and less
costly than PET and thus is more practical than
PET for the routine evaluation of brain injury.
Despite continual improvement in the resolution of
SPECT with the use of new software and improved
cameras (such as those with triple or quadruple
heads) SPECT is still limited by its poorer resolu-
tion and difficulty in obtaining quantitative data
compared to PET. Furthermore, SPECT allows for
the measurement of cerebral blood flow and does
not provide metabolic information. This may be
particularly relevant in the study of head injury
which can frequently result in an uncoupling of
blood flow and metabolism.

CT will likely remain the primary neuroimaging
technique in the initial evaluation of the acute head
trauma patient. However, MRI, PET, and SPECT
each offer useful information for physicians in
determining the pathophysiology, extent of injury,
and outcome in patients with brain injury. Further-
more, as the need for the rehabilitation of patients
with brain injury is emphasized, the role of func-
tional neuroimaging may become significantly en-
hanced to help evaluate patients throughout their
clinical course.
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