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PET imaging of cerebral metabolic change in tinnitus

using 18F-FDG
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Abstract Tinnitus is an aud．tory disorderhardly as8cs8able by clinical technology．

PET ima西n只of the brain in 13 cases with and 10 without tinnitus was undertaken at

4(1 Inin aner injcction of 280～44()MBq 18F—FDG．7Ib en8ure幽e quality 0f the PET

5tudu aU cascs fonowed a normaljzed procedure with vjsual and aud】￡ory blochge

CT／MRl ima雕ng aIld r011tine acoustic te8ts were car ricd out iIl all s11bjects PET

reveaIcd that an increased 1lptake of 18F—FDG at left med—tcmporaI Iobe(priIIlary

auditory center，PAC)present exchlsively in tinnitus．regardless thc side of hcan“g

h allucin砒ion．Signi丘canL asyⅡⅡIlctry was Ilotcd hetween left and right PAC，but not

at other cortex area While contr01 cases sIJow州no嘏ymmetric 11ptake bPtwcen tw(1

hemispheres． Tllc abnorⅡlal PAC umake dld not r8印ond to external pllre souIl(1

s￡ImlIlus．nor did it relate to七he se她一tv of hcanng loss as靶ssed by acoustic tcscs Ⅳo

anatoIIlicm 0r morph010只ical alteration col订d be proven on CT／MRI．IIl conclus沁Il，

PET／18F—FDG oblectively revealed吼mcrea8ed metabol|c change at left PAC 111

tmnitlls，which is of diagnostic value：and chere is evideIlce sllggesting tinnitus is most

likelv induced by a nlnctional chanEe 1n the brain．
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1 INTRoDUCTION

Tinnitus is a hearing disofder characterized by periodic or continuous auditory h以一

Iucinatjon in one or both ear without reaI sound source． Over 90％of tirmltus are as—

sociated with cochlear dysnmction such as hearing 10ss．The sensory disorder varies in

severitv．IIl the worst case，it induces unbeaTable noise 1n ear(s)，even interfering with

sleep and d如ly nfe．However，t血njtus is also a kind of“subjective”abnormaIity，because
no morpholo西cal or fhnctional alteration could be deInonstrated so far by most diagnostic

modaHties cuTrently used in otolaryngology．The dimculty in diagnosillg and classlfying

t血rLitus resu工ts in lmcertainty iIl c工iIlical management of the patients．RecentIy'a new

tec上LIl0109y，p。sitT0n e血ssion tornogr印hy(PET)，has been introduced clinjcaJJy useful ln

reveaUng i小vivo metabolic status of tissue，especially in brain where metabolism closely

couples with neural fhnction，making many衄cult diagnosis easierl川．矾龟tried to use
the im89ing techn。109y to depict the fhnctional change in brain cansed by tinnitus
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2 MATERIALS AND METHoDS

2．1 subjects

Eleven men，2 women，aU suj强ring severe tinnitus for 1～10 year，were referred to

PET study h 4 cases，tinnitus was noted in left ear，another 4 in riEht，aIld the rest in

both sides Eleven cases had hearjIlg abno瑚ality，and 2 h鲥normaJ hearing function
The patients aged from 17 year to 71 year，with a me a工l age of42．8．10 subjects，including
2 with hearing loss卸d 8 normal volunteers，6 maks and 4 femaJes，agiIlg 21～58，acted
as coⅡtroI血thjs study AⅡpatjents and controls are right handed individuals with 11u

hjsto。y or cⅡnical sign“hypertension，circuhtion disorder，diabetes，or other systenuc

disease． Brain abnorm“ty was ruled out by CT／MRJ．AⅡsubjects出so underweIlt
routine acoustic tests血a de出cated hearin叵Lab．

2．2 PET study

The subjects were asked to lie∞Ibed qujetly for at least 30rninutes in a dim。lit roonl，
丽th an eye—shade put on the closed eyes a工ld a pair of ear—p1“g to block heari“g，before 8

dose of5．55MBq／k918F—FDGwasinjected血traveⅡously．Thepatientswere also askedto
concentrate on their tmIlitus．40 111inutes after injection，patients were positioned supille
on exa曲ation table、vith their head rested on a head holder． A 2D acauisition over
head，25Ⅱdnutes eⅡ1issjon and 5Ⅱdnutes trans血ssion，and OSEM reconstruction with
atte如ation correction was caTried out on ECAT EXACTⅡR+scaImerrSlemens／CTI．
usA)．The visual／hearing block was put on tiⅡthe end of PET study

2．3 Data analysis

The set of PET images was resliced into OML paTalleled transa】[ial，sagitt“and
coronal shces On reviewing the traIlsaxial images，the slice that showed the uppeT part

ofth甜amus was selected Three ROIs fregion ofinterest】，3×3 pixels in slze，were drawll

on frontal，temporal，paTiet a1，occipital 10bes，basal gamgⅡa，and cerebeⅡm of both sides
of br“n The count per pi】[el was narmahzed on the basis of patjent’s bodv weight a11d

injected dose，and the aver姑e value from 3 ROIs on each part of brain was used to

cdculate the asy姗et“c jndex(AJ=(L一冗)／(三+冠)／2×100％) The data from each
group of subjects was compared using student’s t—test

2．4Ⅱearing function assessment

Au patlents underwent routine otoneur010舀c姐d audiologic ev出uations before PET

study The acous“c tests included pure—t。ne and speech amdiometry，pitch and loudness

matching】auditory evoked potentials(ABR，EcochG)，and otoacoustic e而ssion measllT—

inS，etc，AⅡthe tests were undertaken iII a de出cated acoustic 1ab located i工l department

of otolaryn90109y
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3 RESUI用S

3．1 NorIml PET images

At 40 I工linutes afcer injection，PET reve出ed clear upt出e of埘F-FDG in妇e cere

brd cortex，subcortical gray matter structures，a工ld cerebeUum The actiVities of two

heTrdspheres were principaUy synlmetric．The shape and extent of 18F—FDG uptake，at

the opposite structllres on two sides of the brajn were substantiaUy ITlirrori“g each。ther

The m。st obvious uptake was noted at bas a1 gan曲a，foudwed by occipitaJ，cerebeullm
and血d temple regions．No abnormauy lⅡgh uptake was found at a11y known a1】ditory
center or any speci丘c region of the brain The n。rInal 4，of each ceTebral lobe was bsted

in Tahle】．

Table 1 Asymmctric index of IiIlIlitus aIld comrol g呻11ps (‘×]

3．2 PET findings in patients

The most st“kiIlg矗ndi“g of tinnitus brain was a hIgh uptake。f 18F—FDG at medal—

temporalregion(superior and transverse gyrus，BrodmaIln盯ea 4l and 42)on the 1eft

heTnisPheTe，F唔l，reg舡dless the side of subjectiVe sensation of tinnitus 1 l／13 cases

showed the abnormahty}l case equivocal，only l case was negatiVe，see Table l and Fig 2

A few cases also showed sli曲ter change at other small regions，such as postenor tempor址
and lower occipital，but with no denite side preference The A』of temporal lobe i儿

t血nitus group was sigI曲cantly hi曲er th a11 that of control group．But no difrereIlce was

found at other regions of br血．

3．3 other flndings

None of the subjects showed any anatomicd or morphological abnormahty on CT／

MRI．Interestingly，11 cases of tiIl血tus and 2 controls had alIrlost the same degree of

hearing loss，but the abnormal increase of 18F．FDG upta1【e at 1eft medi出一temporal region

was fbund exclusivelv in 10／11 cases with tinnitus．In order to verify the relatioTlship

between heaTin譬function and PET矗ndin譬，4 case5 of tinnitus and 2 noTmal∞ntrol

reDeated PET studv with bilateral mono—tune sound sti砌1at主on Two n。rma】subjects
re8p。nded，showing increased uptake at left PAC region Kke that。f tinnitus，Fig 3(a)

and fbl，while 4 tinnitus patients showed no change on their 18F—FDG uptake pat LerIl
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4 DISCUSSIoN

呈兰!兰agi坚!尘竺尘世二竺型·c!塑竺i!tin唑吵兰塑g

Ti衄itus is。ne chnical cllaUenge to。tolaryngologist because ofits subjectlve natllre
No one but the patients could teU the strange，sometiInes stubborn，toTturin岳souIld

in their ears The origin of the“sound”is so f甜unknown，though soIne authors did

suggest that oVer action or spontaneous矗ring in cochlea，or a工ong auditory patllway，or

at synapticjunction删ght account for the creation ofthe acoustic disorder[2，训．HoweveT，
no evidence was ever found to support the theories，or to enabk the clinicians to assess()r

to prove the sensory abnormaUty The oIdy avajlable test for tinnitus is a matching sound，

as pitch and tune，test．Untll an objec“ve nleasurenlent is av缸Jable，tlle understanding，

出agnosjs，彻d manage邛ent for tjTlIlitus would by no me姐s be accessible，1eaving tlle

patients in continuous s硼brings
Posjtron eII五ssion￡om。graphy(PET)js an im89；ng rnodal；‘y by which、ran。us bj。一

】。gical process jnsjde h啪an b。dy can be reveakd and qnan￡ita“vely assessed，provjded
8 proper radjoac“ve tracer，such as 18F．FDG，is avai】able．18F．FDG，a de一“ylated ana—

logue of出uc。se，behaVing ahost the s啪e a8 glucose in—vivo，is trapped in neur。n，and
its concentration has already been proven closely correlated to the fbnctional status of

the nemon PET im89iIlg，empl哪ng 18F—FDG as a tracer，w幽repoTted of great yall】e
and potential jn neufologjcal，psych。logical，and psychj8t“c studies、 SHlce neural ac—

tivity，whether it is originated periplleraⅡy or centraU y，causes metabobc alterati。n at

the correspondjng cortex re百on，it js obvi。us that t抽工litus co谢d possmly be de把ctPd

and measured objectiVely Via the ima西ng technology．Indeed)in our study，abnormal

high uptake of 18F-FDG，i e hypernletabo】jc change，was f。und at prjmary audit∞y cen—

ter(PAc)on the TrLedial—temporal lobe ofthe tinnjtu8 patients，which di仟色red signincantly
to controls．The dj腩rence was eVidentboch by b^re吨，Te revjew and by semi一蚋antitatjv。

analysis as asymmetric ratio between le代I’AC and right．SiⅡce PET study was c甜ried

out with restrict visual and audit01y blockagc，￡he increased region甜uptake of 18F—FDG

was un【ikely caused by exteTnal sound input to th。brajn．In additlon，other paIt of brain

sho、靶d ne“her asyⅡlmetry between two heH证8phere8．nor d铂tbrence Lo c。ntrol，servjng a8

an inner reference。f qu a】ity assurallce of Lhe study TheTebyl the obviolls hi曲actlVity
at PAC on jeR side of br缸n was considered a re“abIe dia昏lostic sign for tinnjtus

The similar矗ndiIlg had been reported by other investigat。rs Arn01dH compared
11 tinnitus to 14 contr01s uslng PET／州F—FDG investigatjon，ms images proved lncTeased

activity at 1eft PAC in tinnitus patientsl圳 Other studies usillg PET or SPECT revealed

an abnormal hjgh uptake at Ieft rnjddIe tempor“，fcft transVerse temporaj gyri，jlip·

pocampus and thalanms． Only one study reported the right—sided abnorma上uptake ln

tlnnitus【⋯．Nevertheless，most of the evidences supported the assunlption that the prl—

mary auditoTy cortex、and the cerebral stTucture(s)connected with it，nⅡ只ht be thc c。lo

for tjnnjtus etiology

EveIl though PET imagmg showod imLstTa L1ve胡teration at left PAC．no s11 11 rhIrm

。r rnorpho!ogjcal abnormou‘y was evcr foond by cT／^一fRl correspl)ndm司y Cacacf T【”d

fMRl to inVestigate seVe：扎l tinni cus 1J呲ie⋯lts，ab!!orinal signal in L11e 11pper bI颤11steⅢ
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and frontal lobe was found in 2／3 patients，but no anatoI血cal anomalv was found bv

ordiIlary M砌．7nle discrepancy between PET and MRl suggested the function aI nature
of the disorder n was of interest to notice that ln tnlnitus patients，no change on 18F—

FDG distribu“on in response to eztcrnal sound stinnllation could be evoked Whi王e
lncrease of tracer upLake was quitc evi—ent after pure—tune solmd stimulation血nonnal

Volunteers It was not clear仃IletheT the phenornena indicated overlap of】eal acoustic and

hallucinated sound sensation iII t!：?spo=i矗c!rea o!brajn The fhct，alonE with another

fact that increased activity_’as o儿left PAC。f pa‘I?nts，no 1natter the side of tinnitus or

the seVerity of hearillg loss，趴lggest the posslbin Cy tjLat tinnitus is most 1ikeIy induced ln

CNS，n。t from peripheral structures However，because of the h埘ted nl眦ber of cases
ln the cIlrrent study，the meaniIlg of those丘ndillgs Ileed ftIrther ver坼cation．

5 CONCLUSIoN

PET／18F—FDG imag血g revealed an increase accumulation of radioactivitv at PAe
on left medial—temporal cortex in ti衄itus patients，regardless the side of svmptom or
the seVerity of heariIlg loss The high concentration of 18F—FDG at PAC．iIl contrast
to control，was demonstrative and diagnostic foT thjs suDjective au出torv disorder．t±lus

was of cⅡn让al and acade疵c value for htllre study and management of tinnitus． The
preUIIlinary eVidence derived from the currellt study suggested that tiIulitus is most likelv

originated centraⅡy in br出n 1。gion whicll s11。ws functi。nauy abn叫mal metabolism but

no detectable anato血c“change
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