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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

20 March 2006

I R R R IR

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,




Figure 1 Structural ouflines of the medial prefrontal regions {red), medial froniobosal regions [ight blue), cingulote gysus (onferier [dork blue) ond
pasterior (pink) regions) ond thelamus (areen) on a gloss brain in threa orihogoensl planes (latercl, enterior ond supgrior views).
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