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Abstract Tk prclimiIlcLry studies of the J111ll【lljlo(川itv llna业r regIs Lr(nlojl。叫【
fuslon wer。performed usin巧aIl imj嶝c iusi。11 s。托w，uc and a 1)ictllrc archlviIl2 ml(1

coIIum】nication system(rACS)to expi01e曲e mctllo(1(】IoEy．OriEiIla¨maEe v(Jlun岫“l
da乞a wcre ac小lired witll aCT scmulcr，MR and duaLht。Ld coincldencp SPECT．resD‘．‘一

tively T1le data sets froIll all inl89ing dcviccs wcr(、(¨ericfl．retl lcved．traIlsfcrrP(1，md

accesscd via DICOM PACS．ThcⅢl昭c rIl撕on wns I)er如1¨】ed at{l】c SPECT JC()N

work—s￡atioll．wherc tIle MIM fMt、dical IⅢa胛M￡，昭p)iusl嘶s()ftwall·was lnst^m cl

Thc inl89cs were crcated hy resIlflIlg orIgl¨rll volllnlt、uIl tllp ny． Tllt-lIIlage v01ⅢIlt-_

werc allgned by translatmn nnd rota￡ioIl()f tllt、s【、v1r，w pons wltll∽8I，ect“】tllc 0I 1*l

n越Yolllule oTienta“0n The trallsuarencv m‘t 01 antl i-on¨水0 were；、(11、1soed u、”Hlrl

that buth vohIlnes can be vi吼1anzcd in th【、【【mrge(1 ln La譬cs TlLf_unagr v‘J1uulc d。LI，L()i

CT MR and nuclear Incdicine wcl c transhrrcd．a(cPsscd m1(i loaded v111 PACS s¨【一

cess^111y．The pcrfect nIscd irnag∞of cllcst CT／18F—FDG dIld}】r“n MR／SPECT wrr{、

obtaiⅢd These rcsults showcd t11at im，Lgc fusl‘)l】⋯llIllqIIt，l硝Ilg PACS was胁抖ihh-

and practical Further cxpPri¨lentatl01l and 1arger v；Llidatiou stlldIc8 werP Ill-I·(1‘-(1}¨

exDlore thc full notcIltial of thP clhl|c出1lsP
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1 INTRoDUCTIoN

Correlative im89e fusion between func“。nal皿d anatonucal im89es has been 3”

active rese雒出丘eld f。r many years The re舀scrati。n o“mages fr。m seVeral moda】itiPs

can provide a high上y advant8seous approach to identjfyi“g，c。rrelati工lg，扯1d quⅫtifvlng

regional changes in anat01ny and functjon，The jnte’pTetation and reView of si“gle pll。一

ton eⅡdssi。n computed torrlography(sPE(：T)o’posltion e血ssioIl Lom。graphy(工)ET)

ima臣es registered with magnetic resonance imagiIlg(MRI)，computed tomography(cT)．

出git al subtraction angiography(DsA)，or ultrasound(us)lmages frequently contribu‘e

additiond and new iT面肌atlon to the w。rkllp of slLbJects beyond that obtained Ij。m t11e

in出vidual Dr。cedmes[1】
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RecentlH system“ic comparison studjes on the im89es fusion technjques were per

fomed，which demonstrated that many“gorithms and computer software were practjcaj

锄d feasible【2’5】In the present study，the methodol。gical iIlvest唔ation of t11e image f1I

sion was performed using a pictllre archjviIIg and c。nmlunjcation system(f)A(：s)and

image fusion softⅣare

2 MATERIALS AND METHoDS

2．1 Image deVices and techniques

OriginaI jm89e Vollm虹nal data aTe acquired with a Siemens Somatom PJu5 S CT

5ca皿er，Magneton vislon 1 5T MR and E CAM+dual-head coincmence SPE(1T．re、

spectiVely．The SPECT a。quisitiDn workstatlon is a double CPU PC and it3 pTncessmg

workstation is Apple Macintosh G3．AⅡdatasets acquired with these image devices aTc

v01ume data．

2．2 PACS

PACS is a coⅡ1puter application system estabbshed by。ur hospital，which caIl

a。qllire，access，query，process and transfer medical inlage infbrmatiolL Origina】im“ges

are transferred and accessed ushg DICOM format(a Iletworking standard supported}))

AcR—NEMA)，aⅡd the images are not danl89ed Main comlection 0f the PAes l。c aj

netwoTk is showed in Fig．1

画 画

Fig．1 Cmlnection shtch 111ap of PAeS

2．3 Main computer software

The SPECT acouisition workstatlon

is in5talled with a Windows NT 4 0 ou、

erating system and e s。ft l 0 special s。ft-

waTe，chieay perforHdng acquisition。f T：、一

dionuclide 曲89e and partially pToccss—

jng inl39e5 The pTocessjng workstatI。n

ICON—P is mstaUed with ICON 8 5 aIId

MIM 1．o(Medical Image Merge)im89e hl、

sion softwaTe and so on Both c。mputers

are iIl5t出led DICOMliIlk software．wllich

sustains corumunjcation and tram sf音r be、

tween the comDuters and accessoria】

devices There雒e Windows NT operating systems in th computeTs of CT dnd MR

2．4 Image transfer

Two me￡hods，or say roucesl are used t。￡ransfer data．Me幽。d A：The CT。r MH
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一———————～————～———～——————～————_—～一information in the PACS server is queried and selected乩IeON—P woTkstatiDn and then

is retrieVed a工ld transfe玎ed iIlto ICON—P．Method B The CT or MR itlformatioIl of the

PACS server is queried，selected，retrieved and stored at e soft workstation aild then

transferred iIIto ICON-P．AU SPECT ima窟es are trmlsferred from e soft iIlto ICON．P

2．5 Image fusion

The MIM image djsplay 8ystem eⅡabIes the operator to display easily姐d marLuaUy

oVerlay t锄oFaphjc images iIlcluding MR，SPECT，and CT．During image displayiIlg，

MIM performs“。n the丑y’’conversion of the volme slices to isotroDic dimensions Slice

s印aration b“Ween adjacent slices dispjayed on the screen can be seIected from I to

15znm At each 10cation，the d玉splayed shce is inteTpolated from the ori置iIlal v01ume

data．Typical im89e fusion procedWes are as foⅡows：(1)Loading im89es(cT or MR

in DIcOM fb加at，SPEcT in siemens IcON fomat)． (2)Adjusting the contrast in

each蛔age set． (3)seIecting ftlsi。n options． (4)selecting all inlage slice for fusi。n，

whjch has an anatc口伍c landIDark，e g spjne that js seen w管n血bom jmage vol Lml邬

(5)Adjusti工lg the transparency factor so that both v01umes can be visuahzed ln the

merged images．(6)7rranslatirLg iⅡ189e to roughly al咭n it in the sagittal orientation(7)

nanslating the im89e to roughly“gn in the corona】orientation． (8)Repeat st8ps 6

aIId 7 applyiIlg rotation as needed(9)checl【ing址gnment in the a】【ial orientation(10)

Checl【iⅡg ahgnⅡlent through。ut the V01llme by either creat血g a splash view of several

fusion slices using the whdow size缸1ction 0I using the sUce selection function n is

often conVeIIient to change the transparency factor to display出ternately the moVable

and reference images whi工e watchjng an anatondc structure of interest．

3 RESUITS

When origillal data were queried and retrieved using method A，the classes of tlle

data series of DICOM format were not able to be ident主fied accllrately，and many mes

were transfeⅡed．The image co时hsion or computer dead machjne happened in 10ading

CT or MR data using the MIM softw缸e，so that imaEe fusion c011ld not been cominued

After CT or MR d砒a were imported from the王'ACS ser娆r into e soft，#he compucer

c。ldd identify every class of image data，and br。wse an im89e using a browser softwar8

Th盯efore，a practicable image series of the patient was sent to ICON—P and then run

MIM to perform image fuslon，The images of CT，MR and nuclear medicine were trans—

ferred，accessed and 10aded successfully via tlds PAcs route．The thoTacic cT／18F—FDG，

Cer曲ral MR／99rrlTc—ECD images fusion was performed and perfect images were obtained

(Fig．2，3)．
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圈一

一
4 DISCUSSIoN

F培一2 T!LurMk cT／1。F—FDG LLLl。岬、“Is Lnu

n CT i肺“班、’J 19F—FDG：Ⅲ咐、c Im雌u‰I。

V()I】2

上n recent years，iIllage r。gjstrati。n and n】sjon tech工uques become gradu“1y perfcct

because the techn。109y has been developed‘Ⅵd lnure ima譬in暑modalities use di西t以

lmage acqulsltlon，stor39e，processillg，and dispIay technjques The MIM 50ftware onlv

requires calculatjon of translation and rotati。n for tlle出splaved slices It maultajns tlLe

oT)91n砒scan V01ume accll工acy whik avoiding the tiIne r8q11ired f07 pre—c alculatlon()f

the resizedⅡnage VoIumos and is f矗s cer thaJl che nleLhods“lat lequire fransiation and

fotatlon o±the entlre image volunle The operator cuntr01s three orthogonal sllce(Usplav

vIew ports oi each Volume，a11(i出培I!s iITlag(-v，)1uln!s by t1‘anslatjo¨and rotatl01l of t11ese

new p。『￡s 1VI±h，esI)部t rD cjlc。Ijg抽ni jma舻vohfrunai o“卸ra cjon 1、he m叫￡imodaII￡r
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lm89e fusjon has been u sed cbnicaUy for detecti。n and 1。(’ati。n of the凡)clls，pI()Yl(1111冀．1

more accurate su。gery arld ra【li。ther3py treatmeIn pIallllIllg，忆assesslng pr。g儿0sl‘a儿(1

therapy，[71 direct biopsy[8 and attenuation correction f。r l。w or high energv ran2es 1)舢e(]

Dn the CT images㈨1乱f

圆圆圆
一_

Fig．3 nIalIl MR／SPE(1T

L IIIlfl!t m^l¨Il

The MIM irnport a¨ows to select Various jⅢ“ge』。Imats t。1。ad aJld dIspl“Y．5 LIcl】孙

DICOM，Siemens Imc】ear nlediciIle ICON fi)mlat，叭tive Siemens CT a』1(|MR fornlal

ECAT 6 and ECAT 7 PET fornlat a11d so。n This so土tware b。th on Mac and W1Ild叭v‘
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NT operation systems can accept DICOM im89es from multlple modaUties and then

store these images in DICOM format The ima卵s reside on the native computer or on

the network．Our MIM ofMac version is iIlstaUed on Macmtosh comDuter．w“ch caTnes

out the transf毛r of image data usin譬DICOM PACS Native Siemens CT，MR or PET

imaEes can also be processed with I讧IM and can either be sent via矗le transfer Protocol

or copy to a networked NT computer svstem with a shared disk．

I工l the cotlrse of this study，the im89e co工Lfusion or computer dead mac上Line h“p—

pens in 10ading CT or MR data when using method A．The operation platforms of CT，

MR and e soft are Windows NT．but that of ICON．P is Mac PACS communjcatlon

between ICON．P and CT(or MR)is matched incompletely．Tllis may be the cause of

im89e c0Il±hsion．It is iIIlportant to identif，the corre5pondiIlg position aTld orjentatlon

accllrately for image fusion．we select an image s】ice for msion using the MIM softwarc，

whjch has aⅡanato血c 1andm甜k．The aIlatorrdc structllre of¨F-FDG image sometinles

is not ckar．Whether the ex上emal markers should be used needs a nTther lnvestigation

FUrthermore，the integration of a low resoIution CT scarmer with a duaLhead camera

now makes it possible to perform attenuation correc“on and image fUsion of aIlatomv and

fhnction iⅡto one imaEe to improve the anatomic localization of abnorⅡla正ties detecte(1

with coincidence imagir培【10】However，the hybrid SPECT／cT deVice must be used．In

a word，filrther experinlentation and larger validation studies are needed to explore the

fuⅡDotential o“he cliIIical use．
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