
Jo“ F刀cJorC:FjcJrJε  Cε蹈协Jogy^舀εFc肋 2006VoI3No1

svmf,osjz饣
`?aJ C⒒

Jo记‘饣JR纟s纟‘犭rcJo

FeasibⅡity and accuracy of coronary imaging in elderly

patients using the64■ row muIti■ detector computed

tomography:a correlation study with

conventionaI coronary angiography

Wei Ling CHAN,1Chee Khoon LIEW,1sze Piaw CHIN,1Tiong Kiam ONG,1
seyfarth Tobias,2Yean Yip FONG,1Choon KhtANG,1Houng Bang LIE1`V11

Rapaee ANNUAR,3Kui Hi冱1n sIM1

`DFf,r/Jrr昭

召刀r犭 C曰 n〃扔 rr,gl,s四 石日″夕攵 C召″召r日

`ffosf,fr四 `,s夕

石伤lI夕 庀,^r伤

`夕

vsj夕

2,S氵召昭 F,rls Cα石df夕 csd切 rfo刀 s,Er`夕/Pg召刀,C召 r姆曰刀y

3,I/,a扌 v纟 /sf″ Mα′夕ys氵曰迸Γ四r四 II,@攵,Mα′‘γysj(γ

Background Eldcrly paticnts gcnerally havc highcr occuIicnCc of Coronary calcincati。 n,incrcased hcart ratc and difflculty、 vith
prolonged breath-holding The aim of our study was to invcstigatc thc fcasibⅡ ity and accuracy of using64-ro、 v multi-detector com-
puted tomography(MDCT)in thC assessment of coronary artcry stcnoses in clderly patients Ι̌ethods One hundrcd and nfty t、vo
paticnts Ⅵ

`ith suspcctcd or kno、
vn coronary artcry discase、 vcrc dividcd into4groups according to their agc(Group A∶ 40-49ycars,

n〓34;Group B:50-59years,n=57;Group C∶ 60-69years,n=48;Group D∶ 70years and abovc;n〓 13) Coronary CT angiography
(CTA)using a64-row MDCT was peⅡ ormcd and thc flndings were compared with that of convcntional coronary angiography(CCA),
Using axial images,mulu-plan盯 reconstructions(MPR)and maximum intcnsi” pr(冫jections(MIP),colonary segmcnts of lumcn

diamcter=15mm wcrc analyzcd for thc prcscnce of signiflcant stcnosis(=50%)ResuIts Percentagcs of poor imagc quality from

coronary CTA prcvcnting rchablc corrclations with CCA were21%, 14%, 19叼 ;and629b in Groups A to D respcctivcly Patients in
Group D had signincantly highcr calcium scorcs comparcd with thc Othcr groups(P(o001)In paticnts where CTA images wcrc of

acccptablc quahty,percentagcs of accuratc coⅡ elations with CCA werc898q。 ,934%,866%and780q乙 f。r CJroups A to D respcctivcly
Thcrc、 vcre no signincant diffcrence in scrun1creatininc,heart ratc and contrast volume bctween thc4groups CoⅡclusions Thc64~
ro、V MI)CT coronary angiography、 vas lcss accuratc and feasiblc for paticnts agcd70years or abovc due to heavy coronary calciflca-

tion and inabnity t。 pCrform a satisfactory brcath-hold Ho、 vcvcr,a high diagnostic accuracy Ⅵ
`ith thc ME)CT is possible in paticntsaged Iess than70ycars σ C纟沈cε吨c Cα旧讠oJ2006;3(1):9ˉ 14)

Key Words computcd tomography;angiography;coronary aHery diseasc;elderly

Introduction

Convcntional coronary angiography(CCA)is cuⅡ ently

thc gold standard for the dctcction of coronary stcnosis

However,it is an invasivc proccdurc associated with a risk of

mortali圩 (015%)and mo此 idi〃 (1.5%),13Eldcrly patients,
in palticular,are at a highcr hsk of comphcations during CCA

Ho、vever,they typically have morc heavⅡ y calcif1cd coronary

alteⅡes and higher hcalt rates which may illapede the intcrpreta~

Corresponding author∶ Prof Dr sim Kui Hian,FRAC】 :)∶ FEsC,FACC,
Head of Cardiology,Jalan Tun Ahrnad Zaidi Adrucc,93586,Kuching,

sara、 vak,East N/Ialaysia Tc⒈  6082276666cxt2030;Fax:6082278308;
E-maⅡ ∶sim kui hian@hcalth gov my

tion of corona,computcd tomography angiography(CTA)艹 14

The latcst teChnology using a spira164-ro、 v multi-detector CT

(MDCT)offers improved spatial and tcmporal1x冫 solution,and

prchminary rcports havc suggcsted that this most cuⅡ ent rno-

dahty may be supchorto carhcr ME)CTs in dctccting coronary

artery disease I5 I6Age had an i1npact on thc imagc quality

produced by16-shce ME)CT but did not impair the diagnostic

accuracy17Whethcr the latest64-ro、 v ME)C1Γ  technology can

offer supcrior image quality suitable for thc analysis of coro-

nary artcrics in eldcrly(≥ 70yCars old)patiCnts has not yet

been detcrΠ lined

Thc puvose of our study、 vas to invcstigate thc fcasibil-

ity of perforrning CTA using the64-rOw MDCT in elderly pa-

ticnts and to dcterminc thc accuracy of CTA in dctccting or

excluding signiⅡ cant coronary diseasc in eldcrly paticnts aged
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70ycars and abovc

b,Iethods

study popuIation

A total of152patients with ne、 v onset of angina pcctoris,

chronic stable angina pectoris or positive excrcisc tolcrancc

tcst、 Vere rccrtlitcd from thc Outpatient clinic and inpaticnt、 vald

ovcr a4months pcriod,Bascd on thcir agc atthc thnc of CTA,

paticnts、vcrc dividcd into4groups as sho、 vn in Tablc l Ex-

c1usion critcria inc1udcd prcvious coronary artcry bypass graft

surgery,presencc of tachyarrhythn1ia,atrial ibrillation and

other irrcgular hcart rhythms,kno、 vn aⅡ ergy to iodinc con-

trast rncdia,inabⅡity to hold brcath for at lcast15scconds and

documcntcd rcnal insufⅡ cicncy(serun1creatininc>140umol/

L).The study protoCol、 vas approved by thc loca1institutional

ethics comΠ1ittee,and all patients gavc、 vrittcn informed con-

sentto undergo both coronary C飞⒋and CCA

CoronaryˇΙDCT scan
All paticnts、 vith a rcsting hcart ratc of)60bpna rc-

ccived100mg atcnolol orally(AstraZencca,UK)thc night

bcfore the ME)C冂 Γ scan,and another100mg atcnolol onc hour

bcforc thc scan Paticnts、vho、vcrc intolerant of bcta-blockcr

received80mg of verapamⅡ (Pharmaniaga,Malaysia)If the

prescan heart rate remained>70bpn⒈ an additiona15mg of

mctoprolol(AstraZCncca,UK)was in汀 avcnously administcled

bcforc thc scan to furthcr rcducc thc hcart rate Paticnts、 vith

resting heaH rates)75bpm、 vere excludcd,Paticnts、 Vcrc fastcd

for4hours prior to thc scan and givcn instructions and exer-

ciscs in brcath-hold tcchniqucs An18C;venous cannula Ⅵ/as

insertcd into a large vein at the antecubital fossa A11paticnts

rcccived2.5mg of sublingual isosorbide dinitrate immcdiatcly

before the scan

Coronary CTA was performed using a64-row MDCT
(S忆 mens somatom Scnsation64Caldiac,Gcrmany)A vol-

umc data sct was acquired covering thc rcgion from thc pul-

monary hⅡ ulm to the diaphragmatic surfacc of thc heart,CT

Gantry rotation timc、vas330ms Tube vo1tagc and cffcctivc

tubc cuⅡent-tilne product、 vere120k、严and500-900rnAscff

ECG￡ ont1· ollcd tubc cuⅡ cnt modu1atlon(ECG Pulsing)
、Vas used to rcducc radiation dose ifthc paticnt had a steady

heart rate of 60bpm Furthcrmorc,an implementcd fuⅡ y au-

tomated lea⒈ time anatomy based dose⒑ gulation(CAREDosC

4D)was utilizcd for all paticnts,An average of84ml of con-

trast(Ultravist370,schering,Germany)、 vas continuously in-

jcctcd followcd by50ml of salinc i犭 Ccted at a now mtc。 f5

∏11/s,As soon as the signal density in thc ascending aorta

rcachcd a prcdcⅡncd thrcshold of100HounsⅡ cld units(IIU),

the patient、 vas instmcted to maintain an cnd-inspiratory breath

hold duhng which the CTA volumc data set and ECG汀 acc

wcre acquircd,All coronary CTA scans、
^/ere complcted within

12s(mCan9.1± 11s)

An effective slice thickncss of075∏ 1m and a rccon-

struction increment of0,5n11n wcrc applicd for axial image

reconstruction using an ECG-gated half-scan reconstruction

algohthm Initial data sct reconstruction was pelformcd at65%

of thc cardiac cyc】 e,If motion artifacts、 vcrc prcsent,furthcr

rcconstructions、vere performed at diffcrcnt positions、 vithin

thc cardiac cyclc All data sets、 vere rcconstructed、 vith a

512× 512reconstruction rnatHX and B25f convolution kcmc1rC-

sulting in a spatial rcsolution of cqual or bcttcr than04× 04× 04
mn13as sho、vn by Flohr ct al17Ifthc vcssel segment Ⅵ

`as heavily
ca1ciflcd,additional rcconstructions、vere performed using a

shcc thickness of06∏ 11n、vith a reconstruction incrcmcnt of

04n1rn and B46f++kcrnc1for bcttcr plaquc dchncation and

prccisc cvaluation.

Imagc quality、vas gradcd by dcgree of1notion artifacts

and noisc-to-contrast ratio bascd upon previous pubⅡ shcd

reports1: 19Imagcs、 vere considcrcd of good quality if there

、
^/erc Only 

Π1inor or no motion artifacts and unrestricted evalu-

ation、 vas possiblc Modcratc quality imagcs、 vere deflned as

thosc`^`ith somc motion artifacts that still permittcd analysis

of rnost scgmcnts,、 Vhilc a poor imagc quality、 vas dcfined as

rcconstructions、vith scvcrc artifacts that impaircd adcquatc

1ntcrprcta"on,

Thc coronary CTA i1nages werc analyzcd by t、 vo cardi-

ologists、vho had forma1training in coronary CTA and Ⅵ/crc

bhndcd to thc CCA flndings,A combination of axial imagcs,

muki-planar recons订 uctions(MPR),and thin-slab30-to90-

mm maXimum血 ten“〃 u向 ecu。ns(MIP)was uscd in evcly
casc Thc intcr-obscrvcr Variability was<5% Sixtccn segments

wcrc idcntificd bascd on thc modiflcd AmcⅡ can Hcart Asso-

ciation(AHA)critCria that comp1· lscd thc right coronary ar-

tcry and distal branchcs(5scgmcnts),lcft main stcm(I

scgmcnt),1eft anterior descending artcry and branchcs(5

segmcnts),and ciKumnex altcry and bmnches(5segmcnts)。

Each scgmcnt was determined to be discascd or normal Dis-

eascd scgments were graded as1(none or mild哎 cnosis),or2

(modCratc to seVere stenosis with=50%oflumind naⅡ owing),

Grading、vas determined by visual estimation、 vith thc aid of

shnplc computer tools or1neasurements Segments that、 vcre

abscnt or too small(<15mm diamctcθ ,stCmcd,or of poor
irnagc quality、vcrc cxcludcd fron1analysis in this study

Conventional coronary angiography

Convcntional coronary angiography(CCA)was pCr~

formcd with a bi-planc digital∏ uoroscopy(Inflnix,Toshiba

Cor1,.,Japan)via radial approach undcr local anacsthcsia、vith

a Tcmmo radia15F cathctcr and(Dmnipaque350contrast agcnt

A minimum of6olthogonal views we￡ obtaincd All paticnts

undcrweIlt CCA and C巴 ⒋withln a6-month intcrval(mean21

days)ThC CCA was intcrprctcd by a cardiologist bhndcd to

the CTA fIndings AsscssmCnt of diamctcr stcnoscs Was by

visual cstirnation,The samc scgmcnts and grading、 verc used

as for CTA

statistical analysis

All data wcl∶ 〈:storcd on N/Iiclosofl ACCess and仃 ansfcⅡcd

to SPSS115 signincantlesions wcrc Ⅱrstidentlfled on CCA

A sccond cardiologist idcntiicd any signiflcantlcsion on CCA

and analyzed this againstthc coⅡ csponding segment on CTA

to connrm ifthcrc、
^/as a corrclation A corrclation meant the
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scorc assigncd to the scgmcnt on C△ ⒋rnatched()CA flndings.

ovc卜cstin1ation was deflncd as CTA scorc highcrthan CCA

score for cach particular scgment Undcr-cstimation、 vas de-

fined as CTA scorc being loⅥ/crthan CCA score for each par-

ticular scgment should CTA irnages concludc a segmentto be

not cvaluable duc to high calciflcation or othcr factors but oth-

er、visc is c1early ablc to bc cvaluated by CCA,that scgmcnt is

also considcrcd an undcr-cstimation by CTA,The mean hcart

ratc and agc bctⅥ /cen paticnt groups、 vith satisfactory and poor

imagc quality、 verc comparcd using unpaircd r tcsts and

ANOVA and cxprcsscd as mcan± standard dcviation,Calcium

scoring Ⅵ/as deterΠ 1incd by 1-samplc Kolrnogorov test to bc

non-paramctric and thcrcforc analyzcd by Mann¨ Whitney and

Kruskal-Ⅵ hllis tests,and cxp∞ ssed as mcdian(interquartilc

rangc)

Results

safety and feasibⅡ ity

ofthc152paticnts, 120paticnts produced adcquatc im-

age quality for analysis.The32paticnts with poorimagc qual-

ity composcd7paticnts(206%)iom Group A,8paticnts
(14%)f1·om Group B,9paucnts(l⒏ 8%)订om Group C and8
patients(61,5%)flom Group D Thcsc patients werc cxduded

fron1furthcr corrclation analysis Group D patients had sig-

nifIcandy higher calcium scoes(Agatston method)compa∞ d
、vith othcr groups(P<0001) ThCrc Ⅵ/as no signiflcant diffcr-

cncc betwccn groups in scruΠ 1creatininc conccntration,hcart

ratc and con仃 ast volumc uscd(Tablc1)

one paticnt(agc75yc盯 s)dcvclopcd∞ nal impairmcnt
aftcr CTA Hc、 vas a smokcr,had hypcrtcnsion,no diabctcs

mcllitus but、
^`as suspcctcd to havc coronary artery discasc,

CCA with46n11contrast had bccn performcd four wccks prior

to thc CTA His baschne serun1creatininc a、 veek bcfore thc

CTA was92umol/L Duhng thc CTA hc rcccived88ml of
conlrast as pel protocol His serLlm c∞ atininc rosc to27OI1mo1/

L24hours aftcr the CTA

1冫iagnostic accuracy of coronary stenosis by()TA compared

to CCA
Signiicanuy stcnoscd coronary scgments cxprcsscd as

a proportion of total coronary segmcnts、 Vcrc morc prcvaIcnt

in Group D than in thc Othcr groups(TablC2),Group D also

had a poorcr coⅡclation bctwcen CTA and CCA(Groups A to

D∶ 898%,93.4%,866%and780%￡ spcα ively)as wCll as a
highcr rate of undcrestimation oflcsion scveoty by CTA(59%,

3.9%,7,5%and100%rcspectivcly)

DiscussIOn

Evcn though CCA is pcrformed什 equcntly,itis not with-

out risk Its complication ratc varies according to the expcri-

cncc ofthc opcrator and agc ofthe patient23Elderly paticnts

gcncra】 ly havc morc tortuous coronary and pcripheral artcrics

\^`hich incrcasc the ratc of comphcations and fanure。 f acccss,

Hcncc,it、 vould bc rcasonablc for this group of patients to

undcrgo a lcss-invasivc proccdurc Ⅵ/hilc achicving thc samc

coronary imaging rcsults

For thc genera1patient population,prclirninary data

sho、vcd non-invasive CTA by MI)CT offered adcquate accu-

racy at a reduccd risk1217The latcst generation64-ro、 v ME)CT
allo、vcd us to acquirc images at even thinncr slices and faster

spccd,resulting in improved spatial and temporal resolution,

With thc64row MDc飞 aⅡ vcsscl segments)15mm diam-

Table1。   Proportion ofimage quaⅡ ty for152patients by64ˉ row R江DCT angiography

Age group

40ˉ49(Group A)   50ˉ 59(Group B) 60ˉ69(Group C)   70and above(Group D)

TotaI number

bIean age(yr)

Creatinine(umol/L)

Heart rate fbpm)

Contrast voIume(ml)

CTA image quaⅡ ty

Good

Ι̌oderate

Poor

46± 3

96± 16

63± 10

87± 12

21(618%)

6(176%)

7(206%)

57

55±3

96± 18

61± 8

90± 17

42(737%)

7(123%)

8(140%)

48

63±3

97± 15

63±9

89± 16

28(583%)

ll(229%)

9(188%)

13

74±3

100± 19

59±8

92± 23

3(23,1%)

2(124%)

8(615%)
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Table2。 Percentage of diseased segments on CCA,true correlatioⅡ s between
CCA and CTA,aⅡ d underˉestimations by CTA compared to CCA in152

patients

Ageˉ group 40ˉ49yr 50·59yr 60ˉ69yr 70+yr

LMs

Discascd scgmcnt

Corlclation

Undcrcs“ ma"on by CTA

pLAD

Diseased scgmcnt

CorrcIation

Undcrcs"mation by CTA

mLAD

Discascd scgmcnt

CorrcIation

Undcrcs“ mation by CTA

dLAD

Discascd scgmcnt

Corrclation

Undcrcstimation by CTA

pLCx

Discascd scgmcnt

CoⅡ clation

Undcrestimauon by cTA

mLCx

Discascd scgmcnt

CorrcIation

Undcrcstimation by CTA

dLCx

Discascd scgmcnt

CoⅡ clation

Undcrcsumati。 n by CTA

pRCA

Discascd scgmcnt

CorrcIation

UndcrcsJmation by CTA

mRCA

Diseased segmcnt

CorreIation

Undcrcstimation by CTA

dRCA

Discascd scgmcnt

CoⅡ clation

Undcrcstimation by CTA

TotaI

Discascd scgmcnt

CoⅡ elation

Undcrcsuma伍on by CTA

lI5

875

83

333

979

2`

43

936

艹J

l()2

959

20

41

9I8

20

20

918

6`

61

875

8`

143

918
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LMs,left main stcm;LAD,Ien antc"。 r dcsccnding anery∶ LCx,lc⒒ circumncx artcry;RCA,"ght coronary

artery Prefixes p,m,d refer to pr。 ximal,mid and distal segmcnts lespecuvely
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FigJ。 CTA or right cor【 )nary artery(A)Ⅵ

"h poorimage quaⅡ
ty a11d corresponding CCA of right coronary artery(B),

Fig,2CTA ofLAD(A)w"h signiscant stenoses i〗 l the Inidˉ LAD This wasconfIrmed by CCA(B),

eter could bc cvaluated our data suggcstcd thatit、
^`as able to

accurately dctcct chnicaⅡ y significant coronary stcnoses(=

507-diamctcr reduction)in all vCsscl scgmcnts rcgardlcss of

l1Ⅱninal diamctcr,tOI△ uosity or calciun1scoring Ⅵ/ith a scnsi-

tivity and speciflcity of96%and87%Fspectively I6This raises

thc potcntiaI of CTA as a coronary imaging tool of choicc for

cldcrly paticnts Ho、 vcvcr,as far as Ⅵ/c arc aⅥ /arc,thc fcasib"-

ity and accuracy of CTA across diffcrcnt agc groups havc cur-

Icndy not bccn compaIcd with the latest64-rowˇ IDCT
RcccnJy,a papcr has uscd16-roⅥ /`压 E)CT to dctcct coronary

artcry discasc in thc cldcrly Thc papcr concludcd that agc has

an impact on thc imagc quahty but did not affcct diagnostic

accuracy 17

As prcscntcd in thc1ˉ csult sCction of this study,64-Iˉ oⅥ
`

ǏDCT tcchnology is stiⅡ  not ablc to providc adcquatc accu-

racy colη parcd to CCA for thc cvaluation of signiflcant coro一

nary stcnoscs in clder】 y paticnts particularly for thosc agcd70

ycars and above Not only Ⅵ
`as thc OVcrall corrclation、

vith

CCA lcssthan80%,Cη
`a】

so undc⒈cstin1ated the sevcrity of

coronary lcsions in 10%of segIη ents FuI· the1· rnorc,one-fIfth

of thc total cvaluatcd scgIηcnts in this group of paticnts、 Vcrc

significandy discased一 predominantly in thc proxi1nal seg-

mcnts_indicating thc possible need for invasivc
lcVascul盯 izfltion The m句 ori″ of CldCrly patients also pro-

duced poor quality images that prevented conclusive

intcrprctation Thc main contributing factors of poor imagc

acquisition、vcre highcr coronary calcification and inabnity to

pcrform at lcast 10second brcath-hold In fact,thcrc、vas a

trend to、 vards rcduccd feasibⅡ ity,reduced corrclation,in-

crcascd undc卜estimation oflcsion sevel△ty and increased preva-

Icncc of diseascd scgmcnts、 vith cVcry dccadc of increment

bct、vccn thc agcs of40to80ycars,CTA did not undcr-esti-

lη atc lcsions in thc leR1nain stcm,proXhnal and rnid lcR ante-

lior dcsccnding artcry segments

Finally,although it was not our primaly o叻 cctivC to

dctcrmine thc safcty of CTA,the singlc event of contrast-in-

duccd ncphropathy(CIN)in a75-ycar old rnalc is alsO wOrth

noting In our departmentthe amount of Contrast uscd during

CCA without intcrvcntion is about501111,For CTA,the ave卜

agc amount used、vas84∏ 11pcr proccdurc Paticnts thcrcforc

rcccivcd at lcast159%more contrast volumc during CTA than

CCA Thc Ovcrall ratc of CIN in our吼 udy(l out of152)was
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smaⅡ whcn comparcd to reccntly pubhshed data2°

study Ihmitations

Wc acknoⅥ
`ledge that the number of patients aged70

ycars and abovc、 vas rClatively small comparcd to othcr age

groups.Many oldcr paticnts could not pcrfornl satisfactory

breath-holds at the study recruitment period,and a significant

numbcr had elevated serun1crcatinine at baschnc,hencc thcy

had to be excluded from the study Therefore,the small num-

ber of elderly patients in this study renects thc poor feasibⅡ ity

of CTA forthis sub-group,斌、also ackno、 vledge the very early

cxpcrience of using MI)CT in Coronary angiography in our

centrc,HoⅥ /ever,t、 vo Cardiologists had rcccived formal train-

ing and attcndcd、vorkshops in CTA i1naging,rcconstruction

and analysis,

ConcIu由on
our study has shown that64row MDCT coronary an-

giography was less accurate and feasible for patients aged70

years or above due to heavy coronary calcification and inabⅡ -

ity to pcrforn1a satisfactory breath-hold 斌、thcrcforc do not

recommcnd ME)CT asthe moda1ity of choice for thc asscss-

mcnt ofthe coronary vcsscls in paticnts aboVe70ycars of agc,

Bealing in mind the pr向 ected incKase in p∞ valcncc of cld-

crly population and the incrcase in MDCT tcchnology of thc

recent years,we beheve that CTA technology、 vⅡl continue to

irnprove to counter the lilnitations described,cspccially thc

breath hold time.CeⅡ ainly,rnore studies into this国 rca by other

institutions would bc wclcomcd,
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