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Abstract

Patients with mild traumatic brain injur¢gMTBI) (Journal of Head Trauma and Rehabilitation, 8, 1993, 83—-84
challenge physicians’ skills and test their patience. Their manifold symptomatology is often not supported by objective
neurological findings. We sought to compare regional cerebral blood (f@BF) between symptomatic subjects with
longstanding MTBI and healthy controls, and to examine the correspondence between neuropsychological deficit and
rCBF compromise. Twenty-eight clinically symptomatic male subjects with MTBI and twenty matched controls
underwent neuropsychological testing and Tc-99m-HMPAO brain SPECT imaging. Neuropsychological test data were
used to categorize subjects into sub-groups according to the presumed location of lesions based on their neurobehavioral
deficits. Image subtraction comparisons were made between controls, all MTBI subjects and sub-groups. MTBI
patients demonstrated regions of hypoperfusion in frontal, pre-frontal and temporal cortices, and sub-cortical structures.
Hypoperfusion in ‘frontal’, ‘left posterior and to a lesser extent ‘sub-cortical’ sub-groups was concordant with
neuropsychological localization. This was not the case for the ‘right posterior’ group, where no concordance was
found. The rCBF is reduced in symptomatic patients with longstanding MTBI and unremarkable structural brain
imaging. Although group analysis is appropriate for the generation of statistically significant differences, the clinical
application of brain SPECT imaging in MTBI calls for a capability to associate clinical examination, neuropsychol-
ogical assessment and cerebral perfusion at the individual subject level. Such competence is still to be attained.
© 2003 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Mild traumatic brain injury(MTBI, 1993) is a
common and often severely debilitating condition,
predominately affecting young males. Of
2 000 000 estimated traumatic brain injuries occur-
ring yearly in the USA(Borczuk, 1997, 50—80%
fit this category. No precise universal definition of
‘mild’” TBI exists in the literature. Prevailing def-
initions usually involve reference to a brief loss of
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concluded that brain SPECT can be valuable in
predicting neuropsychological deficit. Kant et al.

(1997 reported a high prevalence of SPECT
abnormalities in subjects with disturbances in
behavior after head trauma, although no correlation
with neuropsychologicalNP) test scores or other

clinical variables could be substantiated. Likewise
no correlation was found between cognitive per-
formance and detectable morphological or func-
tional brain damage in the late whiplash syndrome

consciousness or alteration in mental state, often (Radanov et al., 1999 A retrospective study of

based on the Glasgow Coma Scé&eC9S (Teas-
dale and Jennett, 19¥4a brief anterograde or

20 patients with MTBI(Gross et al., 1996showed
local cerebral metabolic rates decrease in midtem-

retrograde amnesia, and sometimes focal neurolog-poral, anterior cingulate, precuneus, anterior tem-

ical deficits that may or may not be transidiite-
Kruijk et al., 2002.

A certain portion of individuals sustaining
MTBI will exhibit long-lasting psychological and
cognitive symptomatology(Adams and Victor,
1993). The clinical picture typically includes head-
ache, dizziness, blurred visiotan early sigm,
fatigue/lethargy, anxietyirritability, emotional
instability, explosiveness, insomriaypersomnia,
sensitivity to noise(hyperacusiy and deficits in
memory, information processing, cognitive flexi-
bility, problem solving and attentigitoncentration
(Lezak, 1993. This manifold symptomatology and
severe disability is generally not supported by
objective neurological findings. Monetary issues
are often involved and add an additional confound
to the management of such cas&Binder and
Rohling, 19686.

Imaging data regarding MTBI were derived
mainly from structural imagingcomputed tomog-
raphy (CT) and magnetic resonance imaging
(MRI) studies (Klauber et al., 1998; Stein and
Ross, 1992; Duus et al., 1994; Miller et al., 1996
Functional brain imaging in MTBI has not yet

poral and frontal regions. These decreases were
significantly correlated with overall clinical com-
plaints and overall NP test results. Ichise et al.
(19949 examined a group of 29 subjects with mild
and moderate TBI, and reported perfusion abnor-
malities in two thirds of these subjects, with a
significant correlation between the antero-posterior
perfusion ratio(APR) and some NP test scores.
Varney et al.(1995), in a SPECT study, found
anterior mesial temporal and left orbitofrontal
hypoperfusion in cognitively competent mild head
injury subjects with normal structural imaging but
poor psychosocial and vocational function. Hof-
man et al.(2001) compared early MR images and
SPECT scans after MTBI, and found an associa-
tion between hypoperfusion seen on acute SPECT
and brain atrophy after 6 months, yet with little
correlation to general neurocognitive outcome.
Finally, McAllister et al. (2001 studied working
memory load effects after MTBI in a group of 18
patients using functional MRI(fMRI) and con-
cluded that MTBI patients show a different pattern
of allocation of processing resources despite simi-
lar task performance, suggesting an underlying

been extensively explored. Intra-cerebral pathology anatomical correlation to memory complaints after

was usually(Gray et al., 1992; Ichise et al., 1994,
Abdel Dayem et al., 1998 but not alwaygMitch-
ener et al., 1997; Hofman et al., 2001better

MTBI.
The debate of generalized functiéholism) vs.
localization of function has a considerable foun-

detected by functional compared with structural dation dating from the beginning of the study of
imaging techniques in the acute as well as longer- brain-behavior relationships. The basic orientation
term setting. Initial negative SPECT study was a of modern neuropsychology is to assume locali-
predictor of favorable outcome in cases of mild zation of function, although not a strict one in the
and moderate head traunfdacobs et al., 1996 sense that there is rarely a one-to-one correspon-
and in severe head injury. Baulieu et §001) dence between a region and a cognitive function.
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Rather, networks of regions that operate around The present study was conducted to test the

critical epicenters, act together to perform cogni-
tive functions(e.g. Mesulam, 2000 Thus, signif-
icant deficits in a particular cognitive function
most likely reflect a lesion related to one of these
epicenters which link distributed information from
other portions of the network into a coherent
multimodal assembly that is critical for perform-
ance. Converging evidence from different behav-
ioral tests(see below can lead to more definite
determination of the location of lesion.

Behavioral syndromes in TBI may be concep-
tualized in relation to a two-dimensional organi-
zation of cortical functions(Lezak, 1993. The
longitudinal axis divides the cortex into the ante-
rior or frontal (i.e. pre-rolandi¢ area that may be
roughly characterized as responsible for mgtor
response functions, while the posterior cortical
region deals with perceptual functions. The frontal
area also includes the prefrontal region, which is
involved in higher cognitive functions, such as
linking and integrating components of behavior
(Fuster, 1996; Mesulam, 20D0The behavioral

hypothesis that regional cerebral blood flow
(rCBF) abnormalities will be detected by SPECT
imaging in clinically symptomatic subjects with
chronic mild traumatic brain injury. A second
hypothesis tested in the study was that the location
of these rCBF abnormalities would be in agree-
ment with the locations of cognitive deficit as
indicated by an integrative analysis of NP testing.

2. Materials and methods
2.1. Subjects

Twenty-eight relatively youngdmean 3% 7.1;
range 22-49 clinically symptomatic male sub-
jects were recruited into the study from the Unit
for the Treatment and Rehabilitation of Head
Trauma Victims. All had suffered MTBI no less
than 2 years before examinatidmean 5.2-2.3
years.

Subjects were included in the study if their
Glasgow Coma Scale score following trauma was

consequence of lesions to prefrontal regions can no lower than 13, loss of consciousnégpresen)
generally be described as a defect in the temporallasted no longer than 20 min, and structural imag-

organization of behavior, defective monitoring of
ongoing activity, and a deficit in planning. Other
than the cerebral cortex itself, NP deficits in TBI

ing (26 CT; 8 MR revealed no abnormality.
Additional DSM-IV axes | and Il pathology was
excluded using the Structured Clinical Interview

may also be caused by damage to sub-cortical for DSM-IV (First et al., 1995 Twenty subjects
structures such as the thalamus and basal gangliahad incurred motor vehicle accider(fgVA ), four
and white matter lesions. Broadly speaking, these were injured at work(W) and four sustained
injuries may cause alterations in arousal, attention combat injuries while in army servic€Table 1,
and affect as well as basic sensory and motor left-hand side.

functions, and more complex functions such as the

encoding and retrieval of memories, procedural
learning, certain language skills and more.

The lateral organization of the brain describes
the distribution of functions across a dominant
non-dominant distinction, usually I¢ftight,
respectively. The left hemisphere is usually
involved in linear, sequential and more detailed

processing, as opposed to configurational large-
scale global processing that characterizes the right

hemispherg(Bradshaw and Nettleton, 1981The

left hemisphere also seems to be more proficient

in processing familiar information, as opposed to
the handling of novelty, which is better carried out
by the right hemisphere.

All subjects were free of medication at the time
of examination. Twenty age- and sex-matched
healthy controls(paid volunteers were recruited
to the study. Control subjects all underwent psy-
chological testing to exclude latent cognitive def-
icit.  Control subjects were free from
psychopathology, as were their first-degree rela-
tives. Symptomatic and control subjects were all
right-handed.

2.2. Neuropsychological testing battery
The following NP tests were used; where nor-

mative data other than those published in the
manual were used, this is indicated in parentheses:



144

Table 1
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Etiologies, imaging data and categorization by neuropsychological profile

Patient Etiology Imaging Neuropsychological deficits
EEG CT MRI Right Left Frontal Sub-
posterior posterior lobe cortical
HD MVA Vv \% Vv
™ MVA \% Vv \% \%
PM W \% \% \%
MG MVA \ % Y v v
MT MVA v v \Y v
DM Cl \ \ v \
MA MVA v Y v
RD MVA \% \% \% \Y
TH W \Y Y Y \ \
LY MVA \% Vv % \%
BY MVA Y v v
PA MVA \% Vv \% Y
1A Cl \Y \Y v
DY MVA \% Vv \Y Vv
ST MVA Y v v
CM MVA \ \ Y, \
LY ' \Y Y v
TR MVA Vv Vv \%
GM MVA v v v
NA MVA \% \% Vv Vv
FM Cl Y Y Y
AR MVA Vv \
zY MVA v Y v \Y% v
BY W \% \%
AE Cl Y Y Y Y
AA MVA Vv Vv \% \
Aar MVA v Y,
BS MVA \% \ Vv Vv \%

Note: MVA =Motor vehicle accident. \& Work accident. C+Combat injury.

Visuo-spatial and constructional ability. Meas-
ures comprise subtests from the Wechsler Adult
Intelligence Test-Revised WAIS-R) (Wechsler,
1981): Block Design, Object Assembly and Picture
Completion; Hooper Visual Organization Test
(HVOT) (Hooper, 198); Benton Visual Retention
Test (BVRT) (Benton, 1974-copy trial; Rey
Osterrieth Complex Figure Te§ROCFT) (Oster-
rieth, 1993; Norms: Meyers and Meyers, 1995

copy trial.

Memory and Learning. Measures comprise Log-
ical Memory 1(LMI ) and Logical Memory 1I(LM
II) from the Wechsler Memory Scale-Revised
(WMS-R) (Wechsler, 198Y¥. Learning index and
delayed memory index from Rey’s Auditory Ver-
bal Learning TestRey AVLT) (Norms: Vakil and

Blachstein, 199¥ BVRT-immediate retention
(Benton, 1974 ROCFT- delayed recallOster-
rieth, 1993; norms: Meyers and Meyers, 1995
Manual Speed and Dexterity. These tests are
sensitive to subcortical damage and can provide
important information about lateralizatidiSpreen
and Strauss, 1998 They comprise the Purdue
Peg-Board(Tiffin, 1968): Right hand, Left hand
and Assembly; Digit Symbol from the WAIS-R;
Symbol-Digit Modalities Test(SDMT) (Smith,
1982); Trail Making Test-part A(TMT-A, public
domain; norms: Spreen and Strauss, 1998
Executive Functions. Measures comprise the
Similarities sub-test from the WAIS-R; Raven’s
Progressive Matrice6RPM) (Raven 1982, Con-
trolled Oral Word Associatiof COWA; Hebrew
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Norms: Kempf-Sherf, O., unpublished nonlms meaningful information, are more efficient in iden-
Trail Making Test-part BLTMT-B; Norms: Spreen tifying organic impairments and minimizing false-
and Strauss, 1998 positives than rigid cut-off scores. Finally, the use
The presence of language disorders was derivedof a large number of neuropsychological tests and
from the clinical evaluation of the patient’s speech the application of cut-off scores for each of them
and the performance on tests that also require may give rise to statistical error that would inflate
language skills such as naming ability on the the perception of clinically significant deficit due

HVOT. to multiple comparisons. However, the use of
multiple tests in an integrative way is considered
2.3. Neuropsychological test analysis a powerful tool for assessing multiple dissociations

between tests and test scores based on the logic of

Test performance was interpreted by preparing double dissociations that directs cognitive neur-
a summary profile sheet of test results for each ology and neuropsychologie.g. Russell, 1984
patient. Test raw scores were translated into per- Neuropsychological test performance, analyzed
centile ranks by using age-corrected scores andas described above, was then used to categorize
where available education-corrected percentile. MTBI subjects into one or more of the following
Where the normative data does not provide actual sub-groups, defined according to the major hypoth-
score distributions, deviations from the age-appro- esized cerebral locations of impairmefit) ‘right
priate mean were converted into percentile ranks. posterior’, (2) ‘left posterior’, (3) ‘frontal’, and
The summary profile for each of the participants, (4) ‘sub-cortical’ (Table 1 right-hand side Since
together with qualitative reports of test perform- lateralization of cognitive functions is not as
ance and behavior, were inspected by two neuro- marked in the frontal lobe as it is in more posterior
psychologists who evaluated the patterns of regions, ‘frontal’ dysfunction was not sub-divided
cognitive strengths and deficits. Based on this into left and right syndromes. Most patients dem-
integrative interpretation, they classified each onstrated multiple deficits, and were categorized
patient into one or more of the groufsee below accordingly into multiple diagnostic grougi$able
that best reflected their neurobehavioral syndrome. 1).

Three primary reasons support the employment The correlation between damaged neuroanatom-
of an integrative interpretation of test data based ical structures and behavioral functions is not
on pattern analysis, rather than a cut-off score straightforward, and localization of dysfunction
classification for determining cognitive deficits. based on neuropsychological performance is by
First, the use of cut-off scores on their own to nature hypothetical. However, neuropsychological
separate ‘normal’ from ‘abnormal’ test perform- performance can be the basis for quite accurate
ance has numerous potential pitfllezak, 1993. educated guesses regarding the site of lesion based
These include limited reference in normative data on abnormal patterns of behavior, in particular
regarding base rates of diagnostic classifications when a syndrome approach is employ&hmasio
and unsatisfactory adjustments for age, education,and Damasio, 1989; Lezak, 1995
pre-morbid ability, etc., within the sample. These
potential hazards make cut-off scores questionable2.4. SPECT imaging
tools for determining group membership in
research settings and may generate cases of false- SPECT images were obtained with a double-
positive and false-negative misdiagnoses. Second,headed gamma cametBlscint-Helix), which has
cut-off scores do not take into account meaningful two rectangular 548400 mm field-of-view detec-
discrepancies in test performance within a subject tors, equipped with a low energy, ultra-flared fan-
as well as test score patterns, two dimensions of beam collimator. Resolution of the system is given
performance without which any description of a at 8 mm (full width half maximum). Five group
patient’s deficit is inappropriate. Integrated inter- comparisons were made, comparing all MTBI
pretations, which provide diagnostically more patients together and each of the four sub-groups
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of MTBI patients (categorized according to their random field theory within SPM, and thresholded
cognitive deficit profil§, to normal control sub- at 2.35(or P=0.01). Clusters of voxels surpassing
jects. Patients were placed in the SPECT gantry this contingency were further thresholded accord-
with head immobilized in a head holddmwith ing to size, with minimal cluster size set at 50
Velcro strap$, positioned in the center of the voxels. In order to further account for multiple
detectors’ field-of-view in order to ensure coverage comparisons, only clusters with a maxinfavalue

of the entire brain. Twenty mC{740 MBg) of higher than 3.75(P=0.0009 were considered
Technetium-99m hexamethylpropyleneamineoxi- significantly different.

me (Tc-99m HMPAO were injected into each

subject, while resting supine in a quiet, darkened 3. Results

room with eyes open and ears unplugged. Imme-

diately after the end of the acquisition, corrections Al patients (n=28) (Fig. 18: A comparison of
for center of rotation, isotope decay, sensitivity all patients with healthy controls revealed several
and scanning velocity were implemented. Recon- areas of reduced relative blood perfusion in head
struction of the transaxial data sets was performed trauma subjects, incorporating both the cerebral
with 1 pixel-thick (3.655-mm slices using ramp  cortex and sub-cortical structures. The most prom-
filtered back-projection. Attenuation correction inent regions included(i) an area with the left

was done by the Chang method. pre-central gyrus at its centéBA: 4, 6), extending
forward to the left inferior frontal gyrusBA:
2.5. Data analysis 44,45, backwards to the left superior and mid-

temporal gyrugBA: 43, 40) and up to the lateral

Data were analyzed using statistical parametric sulcus.(ii) A region on the right extending from
mapping (SPM), as subsequently modified and the medial aspect of the frontal lobe and cingulate
augmented for data analysis by Friston et al. gyrus (BA: 9, 32) back through peri-ventricular
(1995 within the MEDx (Sensor Systems Inc., longitudinal fasciculi and striatal structures to right
1998 software. All images were realigned to a transverse temporal gyrus and sub-cortical struc-
standard stereotacti@alairach et al., 1988brain tures. This region extended as low as the orbito-
atlas using the AIR algorithrfWwoods et al., 1998 frontal and inferior temporal regionBA: 10 to
and normalized to an average global blood flow 41) and inferior frontal gyru$BA: 13). No brain
of 50. The alignment had a mean error of 2 mm, regions with significantly higher rCBF in subjects
well within the SPECT system resolution. Voxels with MTBI were found.
with counts of less than 80% of the average blood Comparisons were then performed between sub-
flow were considered white matter or external groups of patients with MTBIdefined according
regions and removed from the samgles is the to neuropsychological profile as described above
convention in SPM—in addition, confines were and healthy controls.
lowered to 70% with no effect upon resyltS'he Since subgroups included the same subjects that
normalized images were smoothed using a 10-mm made up the whole patient group, and since all
(full width at half maximum isotropic Gaussian groups were compared with the same healthy
kernel. subjects, some overlap exists between the whole

Statistical variation in rCBF between MTBI and group comparison and that of subgroups. This is
control subjects at each voxel was estimated particularly seen in large subgroupwith a con-
according to the general linear model.rAtatistic siderable overlap with the ‘all patients’ groyp
image (SPM(r)) denoting the contrast condition such as the group with frontal lobe deficit. Nev-
effect was constructed. The resulting set eflues ertheless, division of patients into subgroups
for each group comparison constitute the statistical according to cognitive deficit reveals the unique
parametric map SPM). The SPMr) values were  contribution of each subgroufwith the exception
transformed to the unit normal distribution of the ‘right posterior’ group, see belowo the
(SPM(2)). Z scores were further analyzed using full picture.
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Coronal Transaxial

Sagittal

Fig. 1. Regions demonstrating compromised cerebral perfusion ratios in the comparisons between the followind ajrédips:
patients with MTBI compared to healthy contrélEalairach coordinates 52; —4; 12). (b) Patients with neuropsychological profile
suggestive of frontal lobe deficit, compared with healthy conttdilairach coordinates 14; 41; PAc) Patients with neuropsy-
chological profile suggestive of left-posterior deficit, compared with healthy conff@lsirach coordinates-56; —15; 29. Color
scale: GreenZ score 2.35—4; Orangé& score 4—6.

Frontal (n=20) (Fig. 1b): (i) The left pre- cingulate gyrus(BA: 32, 24). (iii) Right inferior
central gyrus was still prominent, extending for- frontal gyrus, extending back to pre-central gyrus
ward to the inferior and medial frontal gytareas  (BA: 45, 44, 6 and up to the medial frontal gyrus
6, 44, 45. However, it does not extend as far back and frontal eye field BA: 8).
and down into parietal and temporal corticéis) Left posterior (n=10) (Fig. 10): (i) A region
Bilateral medial frontal gyrus, extending to right beginning at the left pre-central gyrdBA: 6, 4),
and left superior frontal gyr{iBA: 9, 10). On the extending back to the post-central gyr(BA: 3,
left, this area extends back to the left anterior 1, 2). (ii) The left inferior parietal lobule and
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Coronal Sagittal

Transaxial
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Fig. 2. Regions demonstrating compromised cerebral perfusion ratios in the following compa¢®oRstients with neuropsy-
chological profile suggestive of right-posterior deficit, compared with healthy confffalgirach coordinates-59; —6; 16). (b)
Patients with neuropsychological profile suggestive of sub-cortical deficit, compared with healthy céhalaisach coordinates
12; 22; 10. Color scale: GreernZ score 2.35—4; Orangé: score 4—6.

supra-marginal gyruéBA: 40) ending at the supe- and parietal cortex(iii) A medial occipital region
rior temporal gyrusBA: 39). with the cuneate gyruéBA: 17) at its center.
Right posterior (n=13) (Fig. 23: (i) A large
region on the left, beginning at the pre-central 4. Discussion
gyrus (BA: 6) and extending backwards along the
surface of the cortex to the superior and medial These results are consistent with prior studies
temporal gyri(BA: 42, 22, 21, 37. This region that revealed SPECT abnormalities in chrghic
also extends inwards along the insula and the post-acute stages of MTBI, despite scanty or alto-
operculum. In contrast to all other subgroups, gether absent findings in structural imagite.g.
where neuropsychological and scintigraphic find- Gray et al., 1992
ings were largely compatible, in this subgroup  The rCBF abnormalities detected by SPECT in
neuropsychological and scintigraphic findings our subject group were particularly marked in the
were incongruent. medial and lower aspects of the temporal and
Sub-cortical (n=6) (Fig. 2b: (i) A region frontal regions. Since skull fractures were absent
which includes the anterior part of the head of the in all patients, it is reasonable to assume that most
caudate nucleus, extending forward into the cin- of the neurological damage is a result of the
gulate gyrus(BA: 24). (ii) Regions on the left rotational, rather than the linear, component of
and on the right which include the temporal TBI. The rotational component of TBI often induc-
operculum and some of the neighboring insular es contusions of orbitofrontal surfaces, cortical
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areas above the Sylvian fissures, temporal polesacterized by sub-cortical related cognitive deficits.

and inferior aspects of the temporal lob@slams
and Victor, 1993. It also produces diffuse axonal
injury (DAI), which typically occurs at the junc-
tion between gray and white mattékdams et al.,
1980; Gennarelli, 1993; McAllister, 1995affect-
ing the parasagittal regions of the frontal lobes and
the periventricular regions of the temporal lobes
(Adams et al., 198b

Our findings are similar to those of Kant et al.
(1997, who reported a predominance of frontal
and temporal lobe SPECT abnormalities, as well
as to those of Gross et a(1996), who report

decreases in cerebral glucose metabolism in mid-

This is compatible with the fact that only short
periods of loss of consciousness were present in
this cohort, rendering deepéand manifest by sub-
cortical deficih DAI unlikely.

It should be noted that the typology according
to neuro-behavioral syndromes was not exclusive,
i.e. patients most often exhibited patterns of test-
behavior that corresponded to more than one syn-
drome. Hence, one cannot expect the pattern of
blood perfusion deficits to be exclusie.g. com-
patible with only one neuro-behavioral syndrome
and the classification to groups should yield a
pattern where the expected region is prominent,

temporal, anterior cingulate, precuneus, anterior but not preclusive of other regions.

temporal and frontal regions, both studies exam-
ining similar subjects. In Jacobs et al.(4996)
follow-up study, SPECT abnormalities in frontal

In three of the four groups, i.e. ‘frontal’, ‘left
posterior’ and ‘sub-cortical’ groups, this indeed
was the case. In the frontal group an attunement

regions were more persistent than in other loca- was observed between SPECT abnormalities and

tions. Varney et al(1995 reported that anterior

mesial temporal hypoperfusion was common
among MTBI patients, although their conclusions
regarding orbitofrontal regions are less conclusive.
Conversely, in a review of 228 patients, Abdel
Dayem et al.(19998 report that basal ganglia and

thalami abnormalities are more common than
either frontal lobe or temporal lobe abnormalities.
More than half the patients were imaged within 3
months of their injury. The authors do not distin-

test performance, as most regions of hypoperfusion
were confined to frontal lobe cortex, and more
posterior regions of hypoperfusion demonstrated
by the group as a whole were not as prominent.
The group that was characterized as having ‘sub-
cortical’ cognitive deficits was the only one there
was with hypoperfusion of the basal gandlleead

of the caudatg possibly reflecting the fact that
this group represented a minority within the group
as a whole, as discussed above. Mental slowness

guish between short- and long-standing lesions, and motor speed deficits that characterized this
deeming it difficult to judge the association group can be attributed to diffuse axonal injury
between chronicity of insult and cerebral perfusion. (Richardson, 1999 which may explain why this
The general pattern of rCBF abnormalities also group did not show more extensive perfusion
demonstrates a moderate degree of correspondenceeficits. Importantly, these patients did not show
between neuropsychologically determined sub- marked perfusion abnormalities in frontal and pos-
groups and regions of decreased cerebral perfusionterior neocortical cortices, as had characterized the
Neuropsychological classification produced the other neurobehaviorally determined sub-groups.
expected large group of patients characterized by The differentiation between the two posterior
‘frontal’ cognitive dysfunction(n=20). The most groups was less conclusive. While the ‘left poste-
conspicuous behavioral outcome of traumatic brain rior’ group indeed presented with primarily left

injury, irrespective of the exact location of insult,
is frontal lobe dysfunction(Miller et al., 1996;
Benson and Miller, 1997 This was also the case
in the present group of patients. ‘Right posterior’
and ‘left posterior’ cognitive dysfunction, i.e. dys-
function related to occipital, parietal afmr tem-
poral lobes, was present in 13 and 10 of the
patients, respectively. Only six patients were char-

parietal and temporal regions of hypoperfusion,
the ‘right posterior’ sub-group did not present the
expected pattern of blood perfusion abnormalities.
In fact, the pattern of blood perfusion in that group
was very similar to the one exhibited by the ‘left
posterior’ group, with right posterior regions of
hypoperfusion not meeting the stringent statistical
threshold(Z score>3.75). Given that any attempt
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to explain this finding will be entirely hypothetical, between-group comparisons, not interpretation of

we make note of this fact and suggest that further single patient scan data. Hence, clinical application

research is needed to determine the relationshipof brain SPECT imaging in MTBI still calls for a

between perfusion indices and posterior neocortical capacity to associate clinical examination, neuro-

cognitive functions in mild TBI. psychological assessment and cerebral perfusion at
Only a few studies have undertaken to investi- the individual subject level. We believe this and

gate the relationship between functional imaging similar studies will aid in lending credibility to

and performance on NP tests in chronic MTBI. complaints voiced by subjects suffering from

These were characterized by mixed results. Ichise sequelae of MTBI. We further hope that future

et al. (1999 investigated 29 patients, of whom 15 research will aid in making valid diagnosis and

were classified as MTBI. An antefposterior providing appropriate treatment to the individual

blood perfusion ratio was weakly correlated with patient.

6 of 12 NP test measures, including memory,

attention and executive function. The association References
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