Relationship between regional cerebral metabolism
and consciousness disturbance in traumatic diffuse
brain injury without large focal lesions: an FDG-PET

study with statistical parametric mapping analysis
N Nakayama, A Okumurg, J Shineda, T Nakoshima, T lwama

W A A 9 temit by gmEsn R R I TR

See end of arficle for
authors' offiliations

Correspandence fo:
Dr Nufimfi Makayama
Chubu Medical Certer for
Prolonged Troumatic Brain
asﬁmdion, Kizerws
emoricd Hospital, 630
Shimokobi, Kohi-cha,
Minskome City, Gifu 505-
(0034, Jopan; doctor. 1€
josmine.oon.nejp

Recerved
16 Seplember 2005
Revited version recafved
23 Jarwary 2006
i&mepblsfury 200

Fe &
Published Online First

Sfine

BE R AemERLAREr R A AR by

I Meurol Neurosurg Psychinhy 200677 :856-862. doi: 10.1136/jnnp. 2005, 080525

round: The cerebral mefabelism of patients in the chrenic slage of troumalic diffuse brain injury

{TDBI) hos not been fully invesfigated.
Aim: To study the relationship befween regional cerebrol metabolism (rCM) ond  conscioUsness

disturbance in polients wilh TOBI,

‘Wethods: 52 patienis with TDB! in the chronic stogs without large focal lssions were enralled, and rCM

was evaluated by lusrine-18-usredesiyglucase potitron emission temagraphy (FDG-PET) with stotisticol
arametric mapping (SPM). All the patients were found o have disturbed consciousness er cognifive
Euncﬁun and were divided into the following three groups: group A [n=22), patients in o state with higher
krain dysfunction; group B {n=13}, patients in a minimolly conscious siate; and greup C (n=17|, pafients
in o vegetative state, rCM patterns on FDG-PET omong these groups were evalucted ond compored with
those of normal control sugi?;ds on statistical parametric mops.
Results: H elabolism was consistently indicated bilatecally in the medial prefrontal regions, the medial
&onmqumims, the cingulate gyrus and the thalamus. Hypometabolism in these regions wos the most
widespread ond preminent in greup C, and that in group B was more widespread and prominent than that
in group A,
Co;lrclus?onst Bilateral hypometabolism in the medial prefronial regions, the mediol frontobasal regions,
the cingulafe gyrus and the thalomus may reflect the clinical deterioration of TDBI, which is due to
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contusion,

aeuropsychiologival and neurelegical deficits. Paticnls

with DAI show complex combinations of disorders of
memory, atteniion and executive functions, slowed informa-
tion processing, miodificaiions of behaviour and personality,
and disturbed communication and consclousness.| These
disorders may fmpose o great burden on the Tnndly ol the
patlert with a Bead injury and comprontdse psychusecial and
vovatimal reintegration. ndeed, copnitive, behavioural and
persanality changes are major causes of the fafture of patvins
with DAT w return o work,

I patfents with BAL MED shows leslons i the corpus
callosum, brain siem, internal capsule and the prey matier-
white matter junction or the deep maner'* Global MRI
indices of pativnts with DAL such as ventricular enlargement
or atmophy o the white matler fracts (corpus callosum,
furndx, Inleinal capsule), coerelate well with  cognitive
cuteomes. Y I contmast, neurobehavioural disorders alwor
DAL are reportedly poorly correlaied with focad lesions that
are delecied by morphological neureimaging  technigues,
such as CT or MRL™?

Cerebral melabolic imaging with positron emission (omoe-
graphy (FET} is wseful In assessing the regional cerebral
mictabolisnn (rCM). PET swudics on cerebral metabolism in
patents with traumatic brain injury have been conducted ay
the acute” or subacute=chronic stages,” ™' and those with
region-ol-inlerest (RO technigues have disclosed a close
link  bebween cognitive amd belavioural  disorders and
deereased cortical metabolisn in the prefrontal and cingulate
cortices in patients with severe DALS

Diﬂ‘usc axonal injury (DAL results in a wide range of

functional ond strudural disconnections of nsural networks rother Hion due to direct cerebral focnd

Patients with DAI have newrélogical, cognitlve and
behavioural dysfunctions, which beecomie stable in the
chronie stape, The relationship bebween these dysfunciions
and rCM deviations has never been studled in detail,
Limitatlons do exigl in the assessment of rOM with ROL
technigques. ROD techniques depend either one subjective
assessmcnt 1o eslablish differenves from normal traces |
distribution vn funcdonal activity maps or on the relatively
arbitrary sive, shape and placement of the ROTs As a result,
some areas of the brain may it be explored. Statistical
parametrle mapping (SPM) analysis is an alternalive voel-
by-voxel analysis method that can avoid subjectivities. To
investigate e relationship between cognitive and beba-
vioural disorders, consciousness disturbanve and sCM, we
conducied a foorine- 18-Ouorodeoxyglucose-PET {FRG-PET)
s1udy with SPM analysis in paticnts with raumatic difluse
brain Injury (TBY) al the chronde stage, which histopatho-
Togically is assumed to be mostdy DAL

MATERIALS AND METHODS

Patients

At the Chuby Medical Center lor Prolonged Trawmalic Brain
Bysfunction, Gifw, Japan, in the past 4 years we have treated

Abbreviations: DA, diffuse axenal injury; FOG-PET, fluering-18-
fluoradeoryglucoss positron emission tomography; 1M, regiono]
cerebral metabalism; RCH, rs[? ion of interest; SPM, stalistical parometric
mapping; TDBI, traumaiic diffuse brain injury
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Toble T Demogrophics of potients and controls

Group A Graup B Group © Conrel Significance
Age fyzars) 38.9 [15.5) 278 (B.2) 30.8 (12.7) 347 (8.9] NE
Age rangs |years) 17-44 21-50 1557 2147
Sex [rnoﬂ-.hmn[:] 13:9 9:4 10:7 e
tnbervol betwesn head injuries ond 127021 12.916.4) 2.5 7.0} NS
inztiation of osseiments manths)
Intervel rangs [monthe) 470 H-26 53

Continucus dala ara meen (SO

202 consecuibve patients with prolomged raumatic braln
dysfunction taused by a high-velocily, high-impact injury in
a motor vehide accident. OF the 202 patients, 52 with
diagnosed THRI withaut farge focal lesions were corelled in
Linis study, The 52 paticnts had disturbances of consgiotusness
[or mwre than 6 b, which were not due 1o mass lesions or
ischaemic insulis In the acute and subacuie stages, For
patients still having some degree nf consciousness disiur-
bance or cognitive dysfunction 6 months of more alter head
mjury, we varrded oul neuropsychologival assessments and
FDG-PET studies o evaluate their correlations. We exciuded
padents with ¢ither a cortical contusion or hacmatoma of a
total volume =10 cm’® at the acute slage on CT scan or MRL
Patienits with @ history of head injury, cerebral siroke,
Intracranial operation, psychiatric illness, alcoholism or drug
misuse were olso excluded.

Patients were divided inte three groups according to their
duegree of conscionsness disturbance, Group A had 22 paticnis
(miean age 38.9 (5D 15.5) years, range 17-66 years; 13 mcn
and @ wamen) In a state with higher brain dysfunction; they
were able o tommunicale through language, bul had
disturbed coppitive function (memory, attention and ¢xecu-
tive [unctions, slowed information processing, and modilica-
Honts of behaviour and personality} on neuropsychological
asscssment  {Weehsler  adub intelligence Svale-Revised,
Hasegawa Dementia Svale—Revised, 30-poim Mini-Mental
State Bxamination, Wechsler Memory Seale-Rovised  amd
Paced Auditory Serfal Addition Test); all tests used were the
Japanese language version, Bach patient from group A bad a
seore under 2 §Ds from the control, in at least ane of the 11
nerupsychological assessimenis (laldes | and 2). Group B
had 13 patienis (mean age 295 (S 8.2) years, range 21—
50 years; 9 men aml 4 women) in a minkmally cemscious
state; they were not in a vepetative state but were unalide w
communicale consislently;™ their number was not sulBeient
fose testing neurepsychological assessnient with consisiently
verbal or pestural commundcatlon  impairmens (able 1)
Group £ hod 17 patients {mean age 308 (512 13.7) years,

range 18-5%9 years; 10 men ancd 7 owoinen) in o vegelaive
state (table 1)

Normal controls

Thirty healthy adult volunieers {moean age 347 {SD
B.9) years, range 21—4% years; 21 men and 9 wamen) were
recruited as normal controls. None had a hisiory of head
injury or a majur neurelogical, physical or psychiatric
disorder, Including drug and alcohol misuse. Tables T amd 2
summarisc the demoesraphic data and the resulis of
neurepsycholpgical assessment of normal conirols.

All participants {patlents and controls) gave prior wrltien
informed consenl (for paticnis who were unconscious,
consent was obtained from a relative or guardian}. The
research commiltee of Kizawa Memoriol Hospital Foundation
approved the protecol.

PET examinatien

The PET scanner uscd in this study was an ADVANCE NXI
Imaging  System  (Generat  Bleciric Yokokawa  Medical
Systems,’ Hino-shi, Tokyo, Japan), which provides 35
transaxial images at .23 mm intervals, The in-plane spatial
resolution {full width at hall maximum) was 4.8 o, The
scan made was  Uhe  standard  two-timensional  omode.
Parlicipanis were placed in the PET scanner so that slicos
were paraliel e the canthomeatal line. Immobility was
checked by alignmznt of three Jaser beams, with [ines drawn
on the pardcipants’ Faces. Participants lasted for at least 4 h
belore injection of FDG, A dose of 0,12 mCi/ky of FIXG was
injected intravenously through the cubital vein wver a period
ol 1 min. The participanty were comfortably seated with heir
eyes opcn and environmental nodses were kept to a mininum
for about 40 min, Aller a 40 min it a pennanivim-68-
gallium-68 riating pin seurce was used (o oldaln 3 min
transmission scans. A state PET scan was cartled ot
continuously for 7 min. A static sean way reconstracted wity
correcilons Tor photon adenumion with data from the
transmission scans, dead tme, random and scatter."

Table 2 Neuropsychological dota of group A patients and normal conrols

Foctor Group A HMormal p Valve
Wadﬁda’rﬁduli Intalligance Scale-Revised T e SAE
Full seolfe inslligence guotient . : A =0,0001
Varbal inteligenca quotient 846 (12.2) 1134 (11,9 <0.0001
Parformance inkeligence quofiant 78.0{13.5) 105.2 {14.8) =0.0007
Hewepown Demantio Sealo-Revised 24.514.7 29.9 (0.3) «0,0001 -
MirHeenic} Stoke Exarinolion 26,3 |4.5) 298 (0.4} 0.0001
Weshiler Mamery Seole—Rovised
Generol memary 1.7 14.4) 1046 [14.2] <0.0001
Dolayed memory 44.5112.2) 102.5 (108} 0,000
Versal mamsry 71040 104.5 [4.8) <0.0001
Visvel memary 3 B5.3 [14.3) 105.7 (8.3) «0,0001
Adiention P2.5{1.3| 108.3 [7.4) 0.0002
Poced Audisry Sedal Addifion Test 24.5{104] dé (7.2) 0.0003

Viluas ere maan (5D,
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Data analysis
Images were processed and analysed on a Microsoft work-
station with MATLAB soliware (Mathworks, Sherborn,
mMassachusetts, USA) and SPM V.0¢ software (courtesy of the
Funclional Imaging Laboratory, Wellcome Depariment of
Cognitive Newrology, University Caollege London, London, UK).

The images were [st subjected o spatial transformations
so Lhat they maiched a template that conformed Lo the space
derived [rom standard brains from the Montreal Reurulogical
tnstitowe (hiypsifwwe bicmni.megill.ca) and were converted
to the space wl the stercotactic atlas of Talairach and
Tournoux.™ These images were them smoothed with a
ganssian love-pass [ilter of 10 mm in planc o minihaise noise
and improve between participant spatial alipnment. Aler
smonthing, an appropriate linear statistical model was
applied to cach voxel. Finally, statistical inference was used
L coreeet for the moktiple dependent comparisons by using
the theory of gaussian fields,

Onece the images had been spatially normalised and
smoothed, the general linear model™ was used 1o carry cut
the appropriate voxel-by-voxel univariaie statistical tests in

the form of group comparisons {two-sample 1 test) between

TDB] groups (groups &, B and €) and separalely against
normal contrels (SPM99). Image inlensity between partici-
pants was normalised to prevent interparticipant variability
in cercbral racer uptake from masking regional changes. This
was carried out by the technique of proportional scaling.'™
Proportional scaling simply scales each image according to a
reference couns, global brain activity or counts in a specific
region. The image data were therefore scaled proportionally
o the mean global brain activity.

The grey matter threshold was set to 0.5, as this seemed to
sepment the brain regions effectively from tissues outside the
Brain and from the ventricles. Subsequently, the analysis
produced a 1 statistic for each voxel, as specified by the
contrast {which expresses hypotheses from effects defined by
he design mauix or statistical model), which constitnted the
statistical parametric map, SPM{T}. The SEM{T} map was
then transformed (o the unit normal disuibution to give a
gaussian feld or SPM{Z}.

The thresheld for the siatistical parametric maps for
comparison of patients having TDBI with normal controls
was set al the defaolt probability of puncarncen < 8001 No
extent threshold was applied to the SPM{T} maps, which
therefore showed all data surviving the hetght threshold, The
resubting foc were then described Interms of spatial exient
tk) and peak height {u). The significance of cach region was
estimated by using distributional approximations {rom the
thetry of gaussian fickds, giving the probabikity {eorrecting
far the multiple non-independent comparisons) of observing
a vaxel with a >u purely by chance across the whole brain,
Ponmecial (120), Reglons were interpreied and reporied os
significant il they contained woxels with a value of
Pemreoet $0.0%, Therefore, significance was reported for p
values withoul correction—rthat 1, Digeomeasd (1321)."7 These

MNokayama, Okumura, Shinods, et ol

arcas were displayed a8 maximume-inicnsity  projoctons
{glass brain) in the three orthogonal projections.

We applied 1his technique to a set of FDG-PET images in
patients with TDBI {groups A. B and C} and normal controls
(o investigate the applicability of voxel-based methods in
dillerentialing between these groups.

RESULTS

QI the 202 patients, 52 paticnts (32 men and 20 women,
mean age 33.2 (5D 125} years) Tor whom consent was
obtained {for unconscious patients. consenl way oblained
from a relpdive or guardian) were enrotled in this study, The
mean Interval between head Wjuries and initialion of these
sludics was 186 {SD 16.2) months, We  obsurved 1o
significant dilference in age {p=0.058) and interval between
head injuries and Initation of assessments (p= 0.347)
amang the groups (Kruskal-Wallis {cst; (able 1).

We found signiflicant differences in ail the assessments
betwern group A patienis and normal condrols {table 2). Group
A padents had cognitive dysfunction and neurobehavioural
impairment, and psychological maladjus imeny without physical
deficits, although they could communicate with others verbatly,

we defined the structural oudines of the medial prefrental
replon, medial frontebasal region, 1he anterjor and posterior
regions of cingulate gyrus and thalasmus on a glass brain in
three orthogonal planes for visual inspection (fig 1).

SPM analysis showed marked bilateral hypometabolism in
the medial prefrontal region, mediai froniobasal reglon, the
anterior and posterior regions of cinpulate gyrus and
thalamus in all patients fromn groups A, B and €. when
compared with normal controls {fig 2}, When compared with
paticnts from group A, those from group B showed more
widespread and  prominent hypometabolism {fig 2A.B)
Furthermore, when compared with patients from group B,
thuse from group C showed more widespread and prominent
hypometabolism, especially in the medial prefrontal and
medial frontobasal regions (Tigure 28,C). .

Table 3 lists the peaks of e most significant vexels
{Prreaed = 0.05) and shows the location of the voxels within
vach clusier. When compared with normal controls, patienis
from group A hed significant glucose melabolism reduciions
in 1he thalamus, cingulate gyrus, rectal gyrus and superior
temparal gyrds (table 3). Metabolism reductions in patients
fromm group 13 were scen in the thalamuos, cinguiate gyres,
iingual gyrus, parahippocampal gyrus, caudate nuceos, reclal
wyras, subcallosal gyeus, lusiform pyrus, superior frontal
pyrus, corcbellum and transverse temporal gyrus {able 4.
Metabolism reductions in patients from group € were seen in
the thalamus, eingulate gyrus, cerebral peduncle, hypethala-
mus, subcallosal gyrus: inferior frooval gyros and medial
fronmtal gyrus (table 5). we detected no significant rogional
hiypermetabolism in patients from groups A, Bar G comparod
with normal controls.

........__);“-_,._.._».
}“_’a -
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Figure 1 Structural ouflines of the medial prefrontal regions {red), medial froniobosal regions [ight blue), cingulale gyrus (onferier [dark blue) and
pasterior (pink) regions) ond thelamus (areen) on a gloss brain in threa orihogoensl planes (latercl, enterior ond supgrior views).
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Regional cershral metabolism and consciousness disturbance

Figure 2 Usper rowr: summary of stafistical parametric mapping (SPM) results displayed on o gless brain in three orthogenal plenes (lalerdl, anterior
and sugerior ‘wiews) ot pm...::.dsﬂ,om. Tﬁ: shaded oress represent stotisticol evidence for o reduction in metabolism in pl:ﬂiants with Iraumatic
diffuse broin injury [TDB!] compored with narmal contrals. Lower row: summary of 5PM rasults shown on tha leff medicl, anlerior and superior views of
@ volume-ren spoliolly normelised MRI of Pncsrreca=0.001, Th recs are stofistic] evidence for hypometabolisr in pofients-with TOBI
compared veith normal contrels. (4} Group A potients v nermal conirol sibsjécts, {8} group B patients v normal contrals, 1C) group gﬂ afients v normal
cenircls, Patients from =ach group consistently disployed marked hypometobolism biloterally in the medial prefrantal regions, medial frontobasal
regions, cingulate gyrus and thalemus. Hypemetobolism in these regions in group C patients was the mostwidesprend and prominent amang the threa

grougs, ond hypometabolism in group B patients was more widsspread ond prominent than thet in group A polients, ) .
T ok | o ds, ol SPH guntinGrpean di eve B3 PEWM ruHe grnant [_Lﬂﬂ (a»-.{;nu.:—- Sacriiur
ko oo soee 5y 4 Prevee Feblies & fe diminvtin o wed tafielie—s d«-’s Be,  feboaks

f
- et TDET e e TR A g zi-Ll’;stcr'Eu‘-’-"'- -
S ha. et Ao lblzid SRM - - — — {E{y & mnaveedpeea de e L"’"Q"""w:,éinm” )
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Tobled  Location and peaks of significant reduction in glucose metabolism in group A patients compored with normal eontrols

Z |Puncorracsd] Z [Poscrcnd) Extent [voxels]  Peak coordinores [xy.2} Imm] Anatomical region Brodmona aret
6,52 =0 o 781 ~10 =19 12 Left tholomus

4,33 (=0) L34 0 =17 3 Right thelomos

5.63 [<0) 0 208 4 w24 a3 Right cingulere gyrus 23

4,73 [ 0020 4 —41 30 Right cingulale gyrus 23

403 (=0} 0.013 1942 2 38 ~24 Right reched gyrus 1

4,81 [=0.000) 0814 #43 46 22 =18 Right superior lempara] gyrus as

Table 4 Location and peaks of significant reduetion in glucoss metabolism in group B patients compared with normal cenirols
L |punmcemsand] Z {Peecaad | Extent fvoxels]  Peok coordinates (iy,x) [mm|  Analomical region Brodmann ares

Inf {<D) 0 12 880 2 -20 32 Right cingulare gyrus 23

7.78 (=0} 7] -3 —14 B ?H’m:lnmu&

7.0 {<0f o} 10 =17 3 ﬂFﬂ Falarmus

8.9 {<0] Q =12 -50 3 . :;nngmuﬁl | 18

5,53 [=0) 0 -35 -39 -8 Le ayrus &

592 {<0) 0 12 17 -1 Right covdate nuclais

591 [=0) 0 4 14 -1 Righl recial gyrus i3

5,89 [«<0) 0 —4 13 -4 subcollosal gyn 25

5.37 {=0} 0.001 18 ~3 -3 Right pmhlppc:wnpul gyrvs 27

517 (<0 0.003 10 =15 =11 I!Liht Fusifarm ayrus 0

478 {=0) 0.016 e =32 20 56 superior fraatol gus B

4,84 | <0) 0.024 391 34 -72 -33  Right cerebillum

4,60 {<0) 0,033 138 —dd -19 8 Lelt tronsverse femporal gyrus 41

DISCUSSICN cytoarchitectures and subserve distnctive functions.™ The

Statistical imoge onalysis

ROI techniques have disclosed corlical hypometabolisim in
the prefronial reglon and cingulate gyrus in paticnts with
severe DALY In o single-photon emission computed 1oma-
araphy sludy, a group of patients with diffuse head injury
wiere shown to have low blood flow in the frontal and
temporal Inbes, including the cinpulate gyrus and thalamus,
by using SPM software.™ OQur paticnis showed marked
glucose hypomctabolism bilalerally in the medial prelrontal
regioms, nedial frontobasal regions, cingulale gyrus and
thalamus., SPM statistical image analysis has played an
important part in EDG-PET image interpreiation, because it
allows visualisation of the results of quantilative analysis of
the abnormal metabalic distribution in 1he brain ol a patient.
A disadvantape of SPM-Is thal atraphy may be misanalysed
as ThBI,

Relationship with cortical disconnection

The cingulate gyrus is a principal component of the limbic
syslemy, and its anterior and posterior parts possess diffe-
reil thalantie and cortical connections,™ have  dilferent

antertor cingulate gyros can e divided fnie  discrere
onatomical and behavioural subdivisions: the affective
division and the cognitive division.® The aflecive division
includes the arcas of Brodrann 25 and 33 and the rostal arca
of Brodmann 24, and has a rvle in emotion and motivation,
The cognitive division includes caudal areas of Brodmann 24
and 32 and has a role in complex cognitive and awenvional
processing = Previous research indicates thay major regions
of age-related decline remain prominent in the prefrontal
corlex as well as in the anterior cingulale gyrus.™

On the other hand, the poslerior cingulate gyrus plays
part in orientation wihin, and interpretation of, the
environment, ™ and has connections and  behavioural
atlributey distinet from those of the anterior cingulate gyns,
Therefore, the funclions of these divisions are probably
covrdinated,™ The posterior cingulate gyrus alsu bas dense
connections with the medial temporal memory systom, These
communications may contribute o the role of the posterlor
cingulate gyrus in orientation.™ The posterior cingulate gyrus
Is a major locus thar participates funcionally cardy in the
course of Alzheimer's disease.™

Table 5  Location and peaks of significont reduction in glicose metabolism in group C paiienfs compared with normal controls
Z {puncsrreged Z {Pessresed Extent {voxels} Pﬂu'rwﬁmfgtw#l _‘.lr‘r'glrﬂ.. o3k aromical Teglon LMQ;sﬁimmm drea
Inf {<0} 0 12 421 2 -25 34 Ihght clngu!n'h gyus 23 "
7.42 (<0} 0 4 W 25 miht ulain gyTus 24
7.2 [=0) [a] -2 —d41 25 ﬂnﬁah mﬂ'us 23
4.95 {<0) Q 12 -7 1
6.33 (=0} 0 [[s] -15 -1 hl:mbrulpeclmde
5,83 (<0 0 -8 -8 ~10 Lo mius
541 [<0} 0.001 -t " =11 Leht subcaliosal gyrus 25
507 [<0) 0.003 \ -14 =21 7 skt it ;

444 (=0} 0015 15 =34 19 ] Lol inferior frontol gyrus £7
4.45 (<0] 0.031 Tdé -8 &0 a Lokt medial Fontal gyrus 10
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Regionol cersbral metobolism ond consciousnass disiurbonce

The thaiamus §s alse a principal component of the limbic
system and (e asconding  Teticular  acivaling  sysien.
Therefore, the thalamus has distina connections with the
cingulate gyrus, the redcular formation and the cercbral
cartex.

Numerous anatomical connections are found between the
medial pariclal region (precuncus) or posterior cingulate and
the medizl prefronial region (medial fromal region) or
anterior  cingulate, and  these regions are [unctionally
integrated in reflective sell-awareness and fhe resting
conscluus slate ™

In patiengs with DAL axenal damage in the white matter,
corpos callosum and 1the eglon ol the superdor cerebellar
peduncle is cominum, ™ Tlae eorpus calioswm, in which front-
ta-back vrganisation of fibre lracks corresponds with hontal-
wi-occiplial anatomy, this organisaiion s distribuied In the
cinpulate gyros™ In our study, glueose hypometabolism was
observed bitaterally in the medial prefrontal reglons, medial
frontobasal regions, cingulate gyrus and thalamus in patients
with TDBL These results may provide stirong evidence that
the white matter rract, leading to a cortical disconnection
that results in cognitive decline and consciousness distur-
bance, may be distupted in paticnts with TDBL

Relationship with severity of consciousness
disturbance

Consciousness is 8 muhifaceted concept that can be divided
into two main components: arousal {wakefulness or vigi-
lance) and awareness {awareness of the envirenment and of
the self),™ Arousal is sppported by several brain stem
neurone populations that directly project 1o both thalamic
and cortical neurones.” Therefore, a decline of either the
brain stem or both cercbral bemispheres may  reduce
wakelulness. Awareness is though! 1o be dependent on the
functional integrity of the cerebral cortex and s subcoriical
connections; cach of ity many parts is localed, lo some extent,
in anatomically delined regions  of  the  braln ™™
Unforiunately, consciousness cannol be measured abjectively
by any machine, [1s estimation requires the inwerprelation of
several clinical signs. Many scoring systoms have been
developed Tor the quantification and standardisation of the
assessment ol conscipusness ™ -

We divided pativats with TDBL into throe groups according
o their degree ol consciousness disrbanee. Grotup A
paticnis had Wil arousal and awareness) group B paticnts
had full arousal and some degree of awareness disturbance;
andl groun C patients had full arousal with unawareness,

I our study, hypometabolism in the medial prefronial
reptons, medial frontobasal regions, cngalare gyras and
thalamius was maore promineat, with Jdinical deterioration in
consciousness in the chronic stage. This result may provide
strong  evidence thal hypomelabollsm in these regions
influenees the severity of cognitive dysfunction and con-
scipusness disturbance in patients with TBBI,

Conclusions

In patients with TDBI at the chronic stage, consciousness
disturbance or cognitlve dysfunction s strongly sugpesiod w
be caused Ly bilateral regional glucose hypometabolism in
the medial prefrontal regions, medial froniebasal regions,
cipgulate gyrus and thalamus, In addition, hypomnetabolism
was more widespread and prominent, with a dewerivratdon of
consciousness ot cognltive dysluncion. This hypometabolism
may be the resull of the functional and structural cortical
disconnections ol the newral neltworks in the brain rather
than of direct cercbral [ocal contuslon, because no extensive
Lrain damage was detecied by these regions on CT or MRIL
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