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A quantitative assessment of heart phantom motion and its
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Abstract In order to study the image characteristics 0f motion甜tifack；m(1 t()

dete珈1iIle the relation8 of motion artifact8 with varied motion types，and tllc iIll“H—

ing timiⅡ98，frames，distances and directions during SPECT acquisition，a myocar di。L1

phantom矗lled with pertechnetatc solution wa8 u8cd￡o simuiate thc patlcnt Inotioll

In nonreturning pattern，the si啪latio工l motion was tiIIled at the 00，一45。aIld一9f】。
posltioⅡs duriⅡg tbe ro￡8tion of lhe detector oyer a 180。arc from+450 II曲t antcrioI

oblique to一1356 1eR p08tetior。blique．Simulation motion was perforrned by IIlovlIIg
the phantom士5Ⅱlm，士10 mm aIld土20mm along x一(from left to r培ht)，y一(froⅢ
head to caudal)and z—axis(from back to ventral)re8pcctiveIy In returIli“g patt唧Il
the a。quired 30 projection8 were divided into threc 8q11al parts．The smHllation IIioti州1
wa8 timed a七七he rniddle l 7 proiections of each part and perforⅡled bv moving tl¨

phaIltom土5，士10，士15，士20，士25，土30 aIId士50mm alo“g X一．y—and Z．axb rcsIH-‘_

tivc王弘Each image was compared with normal image and a8sessed by tllrcc cxperlenct、(1
ob8ervers without knowledge of the phantom motion．Logistlc r89ression analysis w÷博
used to deCennine the relationship of motion 8rtifac拓with thc affectIng factors N c)

signi矗cant anifact8 can be found when the phaⅡtom was moved sliEhtl y1 no ma cft，1

whid】瑚otion patt盯D1 direc虹0n and t洒ng were taken．The chafacteristics of moti E)I』
artifhcts Bhowed a radioactive marker dot in inf打ior wall矗rstlv whcn the DhaTlto¨j

was moved乱ong X—axis Septal and lateral wall bccame‘恤or symmetrlcally wllcn

the phantom w盐moved alonR y．a试B．And nodulaT hot could be found in antenoT

wall when the phantom was rrloved along三．axi8．At last七he“hlmpy”and。‘(kfct。f‘

areas existed“ternately and f0蛐∽d a trian盛le re8pectively The pre8encc of motMi
artifacts was related to motioⅡdirections．di8tancc and amctcd frames．but w。m 111一

depcIldent of motion timing． The characteri8tics of motioⅡartifacts couId bc folln(i

wheⅡthe phantom was Inoved alonE diffcrent axb．】Ⅵotion distancc cont rib11ted 11loI It

to￡he appearance of motion ar}ifacts than other reJa￡ed factofs．this w÷峙ospt，ciclily

clear when motion was along y，axis
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1 INTRoDUCTIoN

Myoc甜山a】perfusion SPECT has been widely appUed t。the diagnosis and eVahIa-

tion of patients with known or su8pected coronary aTtery disease．Aith。ugh SPECT was
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an accllrate，non血vasive diagnostic method for the detection of coronary artery出seasc，
the image artifacts reduce the chnical impact of tllis technique． It is weU known that

patient motion d11ring myocardial perfusion SPECT acquisition is very corIⅡnon sources

of error in scan iIlterpretation． Many methods have been reported for patient motlon

correction，but up to now no ideal methods are availabk． Some authors paid speclal

attention to the矗ndjngs of rnotion artifacts．The pattem and severity of motion-induced

甜tifhcts have been described for actual or s删ated motion v盯ying in type，tirrung，
duration，ma嘶tude，and dhection(蕊s)during SPEcT acqujsition．AⅡthose ndi“gs
were about typical art矗hcts lacl【inE a description of the process 0f the artifacts changing

from a sU置ht to typical one．With a view to this situation，heart phantom was used±or

simlllating patient motion to invest培ate the process of the甜tifacts changiIlg from sIight

to typical ones．And the relations between artifacts with motion tiIIling，flames，dist瓶ce
and directi0Ⅱdllring SPECT acqliisition with a sin91e—head detector were studied

2 MATERIALS AND METHoDS

2．1 Imge acquis“ion and processing

A polymethyl methacrylate heart phantom was觚ed with 0 37 MBq／mL pertecl卜
netate solutions． The direction aIld position of the phantom was the same wlth the

Datient’s heart when he was supine on the bed．The SPECT images were acquired on a

gar皿a c锄era(Apex sP·6，Elscint comp卸y)with a sin91e·head detector using a higll一
resolution，10w-eIl盯gy c011imatoT，30 projections oVer a 180。a工c from+45。r培m anterior

oblique to．135。left posterior oblique．The raw projection datasets were右ltered with a

Butterworth fⅡter：order 5，and cutofF frequency 0．66 cycle／pixel；pixel size，6 4 HuIl N。

scatter or attenuation correction was appUed．Filtered raw projection images were甜11

tdmatically reconstructed血to the short—axis，vertical long—a】【is，and horizontal 10ng—axls

images D11ring acquisition the phantom was moVed a certain distance along x(土rom
left to right)，y(from head to caudal)and z—axis(from back to ventr甜)respectively

Anytime before the phantom was moved，normal ima舀ng was a。qujred nstly Both

nonreturnjng and rettlrnjng motion pattem were si工rmlated

N0nretumillg pattem：The simldation motion was timed at the 00，一450 and一90。

position dⅥing the images acqllisitions and performed by moV主ng the phantom土5 ITull

土10mm and士20衄along X-，y-and Z·a】【is respectively．WheneVer the phant。m was
mcⅣed．it w。uldⅡot be returned．

Returnillg pattern：The acqllired 30 projections were djVided血to three equal pans

The simlllation motion was tiIIled at the middle 1—7 projections of each part a11d per’

fo毗ned by moving the phantom±5，土10，士15，土20，土25，土30 and土50】1m】甜ong X-．y

and Z—a菇s respectively．Fbr instance，in the缸st part the simtllation motion was timed

at the 5th，4 th一5 th，4 th一6 th，4 th一7 th，3 rd一7 th，3 rd一8 th and 2 nd一8 th projections i11

tllIⅡaIld performed by InoviⅡg the phantom a cert ain distance al。ng difrerent axis re。

spectively as mentioned above．After those projections were acquired，the phantom w85

retllrned(Table 1)．
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ThbIe 1 Motion timing 0f l一7 frames in each part in returning pa饥er11

V()113

++45。RAO．-135。LP0

2．2 IIIlages interpretation

The jInages were reviewed aIld compared with the normd iInages。n a video monitor

by 2 experienced obsen℃rs辅畸thout hmwledge of me phantom moved or not，a third
obserVer reViewed when no consensus was reached． Any“hot”and or“defect"areas

appe盯ed叽the waU were considered abnormal．

2．3 statistical analysis

h the noⅡretur缸g pattern chi-square tests were used to comp缸e di什毛rences be—

tweenⅡorDl以and moVed group． p(0．05 was coⅡsidered statisticaUy signmcant． In

the reh嘣ng pattern Logistic reFessi。n孤alysis were used to锄alyze the relationship
among the presence 0f moti。n art如cts with the motion type，tiInjng，frames，distance，
and direction during SPECT imges ac(rujsition．

3 RESUIⅡS

3．1 Resuns of the phantom如Dtion

WheIL Inotion fr锄es and or distaIIces were few．no artifacts were identi矗ed visuaUv
in n叽retllrning and retllrning pattem．In nonretlirnjng pattern when the phantonl was
moved no more tha丑5姗，no matt盯whjch tim血g or direction motion was，no obvlous
motion artifhcts can be icknti丘ed．When the Dhantom was moved not 1ess than 10 nⅡn．

obvious IrIotion artifhcts coldd be folmd．

IIl retllrlIing pattern：The iⅡlage f蛐ed to produce signj丘cant perfusion defects when
the phantom was moved snghtly along any a面s．With the distance increased，the artifacts

appeared gradu&Uy and the positjon of induced de±毛cts y喇ed With motion“rnjng aⅡd

djrection(T铀le 2)．F0r旺锄ple，wh匝a siIlde丘ame was moved 50 mm along x—or z—
axis，no obvious artifhcts could be fbund，but artifhcts、Ⅳere shown clearly when l frame

was moved 30n吼along y．a越s at any part．At the s锄e tiⅡle，the miIlimal dis“mce
caused artifacts decre酗ed with妯creasiIlg the n血ber of the motian frmes When the
motion frames were the saⅡle．the IniⅡimal distaIlce caused artifhcts varied with motloIl

tiIning and direction．Fbr inst姐ce，when 3 fra】mes were inv0Ived along X—a。(is．the
minimal distance in part 1，2，3 was 15，10，20mm respectively
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Table 2 The 8ppearance of art证acts varkd winl motion distance and tiIninc

motlon tramo 【Ⅲm J fmm) fIIlI【1)

2 50，20，50 10，20，20 25．50，50

3 15，10，20 10，10，】0 10．10，10

4 50，50，10 50，50，50 10．50，50

5 50，50，50 50，50．50 50．50．5n

6 50，50，50 50，50．50 50．50．50

7 50，50，50 50．50．50 50．50．50

3．2 Artifacts characteristics

h nonretllrning pattern：When the phantom was moved 10 or 20 r衄，Inotion ar．
tifacts could be ideⅡti矗ed visuauy(p<o．05)．The artihcts were mamly shown in the
shor￡a矗s sl主ces，池e“lmnpy”aIld“def毫cP areas e矗sted alternately aIld formed a tr上．

an91e respectively(F培．1)．h the vertical 10ng a]【is suces the perfusion defect located ln
the anterjor waU near to the ape盖．The“1啪Py”and“defec∥aI℃as bec锄e oD口os“e m
position when the phantom was rnoved at the s锄e distance but reverge direction fFi臣．2)
With the motion dist姐ce iIlcreased，the“1umpy”and“defect”became more obvious

Fig．1 The iIIlage not moved(A)compared
with moved lomm(B)in nonreturn．mg

pattern

Fig．2 Thc Dhantom was IIlovcd llp imd(10w”

20mm along z—axis(up础r and lower 10w)

timmg at 450(A)，90。(B)∽d 135。(c)

h retuming pattern：Firstly the characteristics of the mjld motion anifacts onIy

appeared in short a】【is slices． The iI工lage showed a radioactive marker dot in infe“or

wall，“hot”area in septal and 1ateral waU syⅡ皿etricaUy and nodlllar hot in anteTior
waU when the phantom was moved along x一，y—and z—a】【is respectively(Figs 3，4，5)
Wj抽m00jDn矗ames and or出stance jIlcreas甜，址e hot area became ja瑁er and蹦ceeded
the outhne of the heart phantom wall．hl general，the defect size审ew with mcremental
motion frames and or motion distance(FiE．5，61．when the Inotion distance and frame3

were held constant，defects position and extent depended on the motion tir血ng fFjg 71
At last the typical performance of motion artifacts was鼯adually siI工1ilar to that in the
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nonretun正ng patteⅡl

Fig．3 Th。phan七om w粥moved right 15 and

20mm along X-axi8 compared with nor眦l

Fig．5 The phantom was moved“p 25 and

50 mm对rected 1 fra工工1e aloⅡg Z·axis

compared with nonnal

Fig．7 The phantom w蹈moved up 15mm

a船cted 4frmes andti谢Dg at】，2 and 3
part respectively“ong Z二axis compared with

the nornlal

V(Jll3

Fig．4 Tlle phantom w*movPd l∽l(1 1¨an(1

15 rnIIl a10ng y—axis compared with 110 rIIl r“

Fig．6 The phantom was moved lc代lj 1--Il

afkcted 2，4 and 6 fraInes alollg X-rIxlH

compared with n。rlllal

3．3 Analysis of factors iIlfluencing

motion art“hcts

Simple regression analysis sh。wed

that the presence of motion甜tifacts was

rdated t。motion djstance along y—ax随

motion frames The relevance was 0．552

f95％ con疗dence interval was： 0 431

O．707】， 0．197(95％ con矗dence illterv“

was： 0．142—0．273)respectively But the

presence of motion artifacts was indepeIL—
dent of tiI】[1ing，motion djstance along X—

and Z-a】【is．

Lo垂stic reFession an出ysis showed that motion缸tifact was related to m。ti。n

矗aHles，IⅡo“on dis￡aIIce a10ng X一，y-and Z—a盖is，but was jnd印endent。fthe m。一

tion timing．Even regression analysis of every timjng iⅡany p甜t was made，no relati。Ils

between缸t讧acts孤d motion timing c011ldbe follnd(Tabk 3)
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Table 3 The results of the 1。gistic rcgrcssi。n analysis

estimate error value valuc estiIllate f95％con矗tlcnce Intcrv．‘l

1)p<0 05 was cons试ered stati8tically s喑nmcant

According to the Vdue of the standard regression coemcient，those factors cnTl_

tributed to the motion artifhcts in pr叩er 0rder were motion frames，motion dlstall ce

along y-，Z一姐d X-a】(is．The presence of motion artifacts was indepeIldent of the mo
tion ti曲g

4 DISCUSSIoN

Alth。ugh myocar山al perfusion imagiIlg with SPECT is an accurate and reⅡabk

diagnostic study，aTtifhcts Hmst be avoided，or detected and corrected，therebv to rmnlf

mize the false·positiVe rate．Myocardial perfusion SPECT imagiIIg may present a greateI

frequency of motion artifacts than any other SPECT im89ing due to lo“g durati。n LLs—

inE 201Tl姐d 99n1Tc sestaIIlibi intolerable especiaUy in elderlv and seriously iu patients
A review of 165 serials climcal SPECT perfusion scintigrams revealed evident n1()tloIl

in appro】【imately 25％0f cas郫 And 5％produced sjgIlincant artlfact．⋯T_hc best so。

lution to patient Inotion is to prevent it d11rillg SPECT acquisition bv，for exaInple，

using ar皿，holding devices or positionjng the patient prone for iI工laging But a11 those

e舫rts can omy redlIce the motion frequency，cm。t prevent it happen Although sever柚
motion—correction progr撇s are available to automaticaUy or semiautomaticaJly detect
and compensate fbr rnotion in the projection datasets，none of these rrlethods have proven
robust or sⅢ珏cientlv Dractical to a出eve wide cuI正cal use now． Also motion artifafts
can be reduced mer acqllisition by manual shjfting of individual projection images be—
fbre recoⅡstruction And sometimes the result was better than corrected bv comDuter

software，althaugh this process is time—cons删ng and subject to operator Va“ablmy 2
So identi矗cation of motion artifacts is si肼访cant in clinical practice
SoⅡ坨authors paid special attention to nle矗ndings of motion artifacts in clinlcaJ

wark or sinmlated the Datier址motion to矗nd the characteristics of motion artifacts 1 o 9

For the presence of motion artifacts，only the typical矗ndings w盯e r8Poned Denley
e￡od4 J noted the curvihnear tad of activitv that extend{jom the def色cts，which aI P

Characteristics of a motion artifacts on SPECT TKs mav be the case when tIle motl011

waS very serious．By si州ating the patient nlotion，BotviIlick and his coworkers：1 foun(1
that typical触dings included an irre91ll盯。r lumpy山stribution of radioactiVjty wltll
often opposing defects between the 1umpy Our study results agreed generally wlth

observations of those authors a丑d carried them further We also fb皿d that the inlage
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showed a radioactive marker dot in inferior wall，“hot”area in septal a11d lateraJ waⅡ

sy衄etrically and nodmar hot in anterior waⅡwhen the phantom was moved al。n臣X、
y-and Z—a妇s respec亡iVe】y Those矗ndjngs were阳ry useful for j工Ilage int。rpreters c。

山ag皿ose，as most of the工Ilild motion artifacts weTe the majn sources of rrusdiagIlosls】n
clinical practice And patient motion happened mainJy主芏l this way．When motion franles

and or distances i1Icreased，the typical hdhgs mentioned above would appear The
process of motion ar虹阻cts chang血g from sUghtly to typicaUy had never been reported
before ollr study．At the same time ollr reslllts told that the“lumpy”and“defect”Ⅺea5
become opposite in position when the motion distance was at the saIIle diStance but

reverse direction．When motion distance and frmes were held constant，defects DosltloIl
and extent varied with the motion timillz

DePuey“nd刮described oIlly the‘‘typic甜”矗ndings but they did not show what

type and deEree of patient motion wouId routiIlely cause scan aT“fhcts． Eisner￡￡Ⅱ45；

suggested that patient motion as little as 1 cm c0111d cause a s唔nj丘cant image artifact

Whjle thjs may be the case when many fTames were甜bcted，the situation was clearlv
more complex． Other authorslL，6l described the situation deta丑ed bv slmulatin臣the

patient motion． They foImd that slight motion f越Ied to pr。duce signmcant permsion
def毛cts Motion artifhcts were related to the motion fr帅es．distance and山rections Bv
simlllating the patient motion with computer Botvinjck e≠口p J fbllnd that 8 pixel upward

motion affbcting 2 frames w01lld cause artifacts DisplaceInent of 3 pi】(eIs produced an

image artifact when甜recting 4丘aIIles．Mats眦0to and hjs feUows【6』reported that 3
矗ames sl越ing 1-pixel did not create a signi矗caIIt perfhsion defect，but when shifting
three—pi]【el usuaUy produced severe perfhsion defects． 01lr study showed that when

oIIly 1 frame moved along X-a五s 0r y—a血s，even moved 50 Inm，no artifhcts could be

f01lIId；when 3 fra加es moved 15，10，20mm alonz X．a]￡is wollld cause visual”tlfact s in

part l，2，3 respectiVely The m血证lal distances caus西g artifacts were diH色Tent among
the investi置ators because the sensitivity of the SPECT machine，the expe“ence of the

jnterpreter and the 5tyle of the s曲ulatjo丑motjon were difrerent．Now a hean phantom
was used fbr the矗Tst tirne to smlate Da“ent motion in three．dimension甜wav a11d
the results were more close to the clilllc出Datient motion than those two．dimenslon al

simldation of patient moti。n

The pattem of the patient motion during SPECT acqllisition was unexpected Some

uteratures[7·8】supp眦ted retum她motion w011ld appear uncoⅡⅢlon dming SPECT ac·
quisition．Eisner e￡d45J noted that mmtiple episodes of patients’motion were the“Inore

general case．”In any motion pattemI the iInage fajled to produce sign访cant permsion

defects when the motion was nlild，and the typical矗ndiIlgs were the same when the

motion was serious．

The presence and extent of motion artifacts varied with the fr锄es aIld tinⅡ“g of
the affected projection illlage，as wdl as the distance and direction of their di5placement

Whjch factor would have争eat e珏色ct on缸tifacts had neVer been r8ported． By means

。f Logistic regression analysis and according to the Value of the stand”d regresslon

coemcient，we found that those factors contributjIlg to the motion a『tifacts in pr。Per

   



!!：! !呈L呈?!!：!!!些!兰：垒!!!竺!!兰!兰竺!!!!竺!兰竺!!竺!!18“‘。1“

order were motion frames，motion distaIlce along y一，Z—and X，axis This Tesult 1ndlc乱es

the image interpreter孤d tecllIlologist that what sho山d be done^rst to avoid i110tlon

artifacts d11ring iInage data acqujsition if possible．

IIl cUnjcal practice，patient Inotion during t。pography can be detected by lnspectl0Il

0f the dyn枷c display of the projection images Ill印ectjon of the打nage sjn。gfam m。y
also be help“．But aⅡthose mformation c越L be got only in the computer’s screen a11d
was always ignored by the te出nologist and interpTeter It is obViously inlportant t。

reco础ze the presence of mDtian artifa￡ts and the observations here help to relate thls
observation to SPECT缸dinzs in chnjc“．

5 CoNCLUSIoN

The cllrrent study aIla】yzed the pattern aIld extent ofperfusjon defects produfed by

using heart phaⅡtom simlllating patient motion dⅢ血g image acquisitions with a single—

head detector M丑d motion failed to produce artifacts The presence of a radioactive

marker dot in iⅢ色rior wall，“hot”area in septal and lateraJ waU symmetrically，nomllar

hot in anterior waⅡ、Ⅳere shown wheⅡthe phantom was moved a cert出n distance along

X．，y．and Z一越s respectively．The typical nndings collld be found mai工lly in the shoTI
a】￡is slices．F、1rthermore the artifacts ghowed the“lumpy”and“defect”area exlste(1

alternately aIId fonned a triaIIgk respectively．By means of Logistic r89ression analysls

a丑d accordjIlg to the value 0f the stand村d regre55ion coe伍cjent，mo“on frame was the

most irnportant factor contributing to the presence of motion甜tⅡacts among the relatPfl

fhctor8
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