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PURPOSE: To find th e  corre lation of Gate d Single  Ph oton Em is s ion Tom ograph y (SPECT) w ith  atte nuation
corre cte d and non-atte nuation m yocardial pe rfus ion s can. METHODS: 102 patie nts  re fe rre d for Myocardial
Pe rfus ion Im aging (M PI); m e an age : 54.6 ± 12.6, w e re  e nrolle d. Th e y all unde rw e nt s tre s s  (dynam ic or
ph arm ace utical) and re s t Tc-9 9 m  Se s tam ibi s tudie s . Th e  s e gm e ntal divis ion of le ft ve ntricle  for gate d and pe rfus ion
s can w as  done  into s e ve n m yocardial re gions . Corre lation of non-corre cte d (NC) and atte nuation corre cte d (AC)
pe rfus ion im age s  w as  done  w ith  w all m otion / th ick e ning of gate d SPECT. RESULTS: Data of 11 patie nts  w e re
dis carde d due  to s e ve re  m otion artifacts  and / or m is re gis tration be tw e e n CT and SPECT im age s . Kappa value
of 0.22 and 0.59  w e re  note d w h e n corre lation be tw e e n non-atte nuation corre cte d and atte nuation corre cte d
m yocardial pe rfus ion s cans  and m yocardial w all m otions  w e re  done  re s pe ctive ly. CONCLUSION: Th is  s tudy
de m ons trate s  th at Atte nuation corre cte d m yocardial pe rfus ion s can h as  m ode rate  corre lation w ith  Gate d SPECT
as  com pare d to non-atte nuation corre cte d cardiac s can.
Key words: Myocardial pe rfus ion im aging, Gate d SPECT, Atte nuation corre ction.

ABSTRACT

Introduction

Myocardial pe rfus ion s cintigraph y (MPS) us ing Single
Ph oton Em is s ion Tom ograph y (SPECT) is  a w ide ly
e s tablis h e d m e th od for th e  de te ction of coronary
arte ry dis e as e  (CAD), diagnos is  of acute  m yocardial
infarction (M I), ris k  s tratification and as s e s s m e nt of
viable  m yocardium  afte r infarction. H ow e ve r, pro-
duction of im age  artifacts  re duce s  th e  e fficacy of th is
te ch niq ue . One  of th e  m os t com m on artifacts  is  s oft
tis s ue  atte nuation caus ing appare nt pe rfus ion de fe cts .
Th is  re s ults  from  abs orption or re dire ction (s catte r)
of ph otons  due  to diffe re nce s  in tis s ue  de n-s itie s
s urrounding th e  h e art w h e n ph otons  m ove  th rough

th e  body afte r e m is s ion from  th e  radionuclide .1

Th is  m ay caus e  an incre as e  in fals e -pos itive  s tudie s ,
a de cre as e  in th e  inte rpre tive  confide nce  of th e  re ade r
and re duce d diagnos tic accuracy of th e  te s t le ading
to furth e r diagnos tic e valuations , pote ntially incre as ing
th e  ris k  to th e  patie nt and th e  burde n of h e alth care
e xpe nditure s .2 Se ve ral m e th ods  h ave  be e n de ve lope d
to im prove  th e  re cognition of s oft tis s ue  atte nuation
including gate d SPECT and atte nuation corre ction
algorith m s .3

Gating m ay h e lp in diffe re ntiating be tw e e n CAD and
atte nuation artifact in patie nts  w ith  fixe d pe rfus ion
abnorm alitie s . Norm al function as s ociate d w ith  a fixe d
de fe ct on pe rfus ion im aging can be  clas s ifie d as  a
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s oft-tis s ue  atte nuation artifact, w h e re as  abnorm al
function in conjunction w ith  a s im ilar fixe d de fe ct w ould
be  com patible  w ith  m yocardial infarction or m yocardial
s tunning.4,5

H ow e ve r, GSPECT im aging cannot be  us e d to dif-
fe re ntiate  be tw e e n a re ve rs ible  pe rfus ion de fe ct and
artifact be caus e  th e  w all m otion in th e  re gion w ith  th e
de fe ct w ould be  e xpe cte d to be  norm al in both  cir-
cum s tance s  as  a re s ult of th e  late  acq uis ition of th e
functional data (us ually about 30-60 m inute s  afte r
s tre s s  de pe nding on w h e th e r th e  patie nt h ad e xe rcis e
or ph arm acologic s tre s s  te s ting). Be caus e  of th is
lim itation, ECG gating cannot be  us e d to diffe re ntiate
atte nuation artifact in circum s tance s  in w h ich  only
one  im age  is  available  as  s m all infarct / s car can be
m is s e d.5

Re ce ntly H ybrid SPECT/CT s ys te m s  are  be ing us e d
w ide ly for atte nuation corre ction (AC). Many of th e
re ce nt s tudie s  h ave  prove d th at CT-bas e d AC im prove d
s pe cificity and diagnos tic accuracy w h e n us e d in
conjunction w ith  non-atte nuation-corre cte d im age s .3

Th e  aim  of th e  pre s e nt s tudy w e re  to find corre lation
be tw e e n gate d SPECT w ith  non atte nuation corre cte d
and atte nuation corre cte d im age  s e ts  in m yocardial
pe rfus ion SPECT.

Material and Methods

W e  s tudie d a group of 102 patie nts , 66 m ale s  and
36 fe m ale s  w h o h ad be e n re fe rre d to our de partm e nt
w ith  diagnos tic as  w e ll as  ris k  s tratification purpos e s
as  part of th e ir clinical m anage m e nt. Patie nts  w ith
MI, LBBB, and h is tory of re vas culariz ation or cardio-
m yopath ie s  w e re  e xclude d from  th e  s tudy.

Preparation of Patient

Patie nts  w e re  s tudie d afte r a 4h ours  fas ting pe riod
and th e y w e re  advis e d to re frain from  te a, coffe e ,
ch ocolate  cola drink s  at le as t 12 h  be fore  s tre s s .
Be ta-block e rs  w e re  dis continue d for 72 h , calcium
ch anne l block e rs  for 48-72 h  and long acting nitrate s
for 12 h  be fore  th e  s tudy. Ph ys ical e xam ination and
bas e line  ECG w e re  done  and IV line  w as  m aintaine d.

Protocols of the Study

Dynam ic s tre s s  Patie nts  unde rw e nt s ym ptom -lim ite d

Exe rcis e  Tole rance  Te s t (ETT) on tre adm ill follow ing
s tandard Bruce  or m odifie d Bruce  protocol to ach ie ve
an ade q uate  w ork load (at le as t 85%  of age -adjus te d
m axim al pre dicte d h e art rate ). At pe ak  e xe rcis e , 10
m Ci of Tc-9 9 m  Se s tam ibi w as  inje cte d as  a bolus
into th e  intrave nous  line  and flus h e d w ith  5 m l of
NaCl 0.9 %  s olution. Exe rcis e  w as  continue d at th e
s am e  le ve l or at a low e r le ve l for ne xt 60 s e c.
Patie nts  w h o w e re  unable  to pe rform  tre adm ill te s t
in orde r to ach ie ve  targe t h e art rate  w e re  infus e d
intrave nous ly w ith  Dipyridam ole  at a dos e  of 0.56
m g/k g intrave nous ly ove r 4-m inute  pe riod (142 m cg/
k g/m in). 3 m in afte r ph arm acological s tre s s , 10 m Ci
of Tc-9 9 m  Se s tam ibi w as  inje cte d. Intrave nous  am ino-
ph ylline  (75-250 m g) w as  adm inis te re d routine ly to
e ve ry patie nt to re ve rs e  th e  e ffe cts  of dipyridam ole .

Imaging Protocol

One  day im aging protocol w as  follow e d for th e  s tudy
population. Patie nts  w e re  ins tructe d to tak e  a fatty
m e al im m e diate ly afte r th e  e nd of th e  s tre s s  to
acce le rate  trace r cle arance  from  th e  live r and gall-
bladde r. Im aging com m e nce d 45 m in pos t inje ction.
Th e  s e cond inje cte d dos e  w as  30 m Ci for th e  re s t
im aging, approxim ate ly th rice  th e  s tre s s  dos e  in
orde r to ove rw h e lm  th e  activity re m aining in th e
m yocardium . It follow e d th e  firs t by 3 h ours  to pe rm it
tim e  for s om e  de cay of th e  age nt. Re s t im age s  w e re
th e n obtaine d.

Acquisition Parameters

Th e  patie nts  w e re  re q uire d to lie  s upine  on th e
s cintibe d w ith  arm s  e xte nding above  th e  h e ad. Th e
pos ition as s ure d prope r e xpos ure  of th e  h e art to th e
cam e ra. Patie nts  w e re  ins tructe d to re s trict th e  m ove -
m e nts  or cough  during acq uis ition.
SPECT im age s  w e re  acq uire d us ing rotating large
fie ld of vie w  gam m a cam e ra Infinia H aw k e ye  e q ui-
ppe d w ith  tw o de te ctors  pos itione d at 9 0 de gre e
(L m ode ) and low  e ne rgy h igh  re s olution paralle l
h ole  collim ator conne cte d to de dicate d com pute r
s ys te m . Us ing s te p and s h oot m e th od, a total 64
fram e s  e ach  of 40 s e conds  w e re  acq u ire d in
continuous  acq uis ition m ode  ove r 180 de gre e s ,
ante riorly in a circular arc, w ith  a s tarting angle  of
45 de gre e s  righ t ante rior obliq ue  (RAO) pos ition to
th e  135 de gre e s  le ft pos -te rior obliq ue  pos ition. A
20%  s ym m e tric e ne rgy w indow  ce nte re d at 140 k e V
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s cans  w e re  cons ide re d during inte rpre -tation. Th e
obs e rve rs  inte rpre te d th e  both  im age s  s e ts  (non
corre cte d and atte nuation corre cte d) by rating e ach
s e gm e nt as  norm al or abnorm al w ith  a re ve rs ible  or
a fixe d pe rfus ion de fe ct on s h ort axis  and long axis
s lice s  as  w e ll as  th e  polar m ap. A th ird e xpe rt w as
calle d in w h e n th e re  w as  dis agre e m e nt be tw e e n th e
tw o e xpe rie nce d nucle ar ph ys icians .
A re ve rs ible  pe rfus ion de fe ct w as  de fine d as  a
pe rfus ion de fe ct on s tre s s  im age s  th at partially or
com ple te ly re s olve d at re s t in tw o or m ore  contiguous
s e gm e nts  or s lice s . A fixe d pe rfus ion de fe ct w as
de fine d as  a pe rfus ion de fe ct on s tre s s  im age s  in
tw o or m ore  contiguous  s e gm e nts  or s lice s  th at
pe rs is te d on re s t im age s . An abnorm al s tudy w as
de fine d as  on de m ons trating a fixe d or re ve rs ible
pe rfus ion de fe ct.
A s ys te m ic approach  for th e  dis play and inte rpre tation
of th e  ve ntricular function de rive d from  gate d SPECT
w as  e m ploye d. Th e  e je ction fraction, e nd dias tolic,
e nd s ys tolic and s trok e  volum e s  w e re  note d in due
cours e . Re gional w all m otion w as  pe rce ive d vis ually
as  a dis place m e nt of th e  m yocardial w all inw ard
during s ys tole  and as s igne d as  be ing norm al, h ypo-
k ine tic, dys k ine tic and ak ine tic w h ile  th e  re gional
w all th ick e ning w as  as s e s s e d for its  pre s e nce  or
abs e nce . Th e  s e gm e ntal divis ion of le ft ve ntricle  w as
groupe d to s e ve n m yocardial re gions  i.e . an ante rior,
ante ros e ptal, infe ros e ptal, infe rior, infe rolate ral,
ante rolate ral, and apical re gion for s ak e  of e as e  in
orde r to com pare  th e m  w ith  th e  s e gm e nts  of pe rfus ion
s can.

Statistical Analysis

All continuous  data lik e  age  h ad be e n pre s e nte d as
th e  m e an  s tandard de viation w h ile  cate gorical data
w as  pre s e nte d as  pe rce ntage s . Th e  agre e m e nt
be tw e e n gate d w all m otion/th ick e ning w ith  NC and
AC pe rfus ion s cans  w e re  q uantifie d w ith  Coh e n’s
k appa.

Results

In th is  pros pe ctive  s tudy, data of 11 patie nts  (4 fe m ale
and 7 m ale s ) w e re  dis carde d due  to s e ve re  m otion
artifacts  and / or m is re gis tration be tw e e n CT and
SPECT im age s .

w as  us e d. A z oom  of 1.33 w as  applie d during acq ui-
s ition. All proje ction im age s  w e re  s tore d on m agne tic
dis c by m e ans  of 64 X 64-w ord m atrix. Total s tudy
duration w as  20 m inute s .
Th e  h ybrid cam e ra us e s  a low  dos e  CT (140 k Vp,
2.5 m A) for atte nuation corre ction at th e  e nd of s tudy
w ith out ch anging th e  pos ition of th e  patie nt or w ith out
intrave nous  contras t m ate rial and w ith out a bre ath -
h old.

ECG Gating: R w ave  trigge re d th e  cardiac cycle .
Gating w as  pe rform e d w ith  a 40%  acce ptance  w indow
to m axim iz e  de te cte d e ve nts  in th e  non gate d pe r-
fus ion data. Sixte e n fram e s  pe r cardiac cycle  w e re
acq uire d. On th e  cam e ra, re je cte d be ats  are  s tore d
s e parate ly and contribute  to th e  s um m e d (non- gate d)
datas e t to im prove  count s tatis tics .

Reconstruction Protocol

Be fore  re cons truction, th e  proje ction data w e re
re vie w e d in cine  m ode  to rule  out th e  pos s ibility of
patie nt m otion. For SPECT im age  re cons truction, all
data w as  trans fe rre d on GE Xe le ris  nucle ar m e dicine
w ork  s tation. Us ing th e  180-de gre e  ite rative  re cons -
truction trans ve rs e  re cons truction w as  done . Each
s lice  w as  2.2 m m  th ick  (1 pixe l); th re e  s lice s  w e re
adde d toge th e r us ing Myovation s oftw are  during
re form atting into s h ort axis , ve rtical long axis  (VLA)
and h oriz ontal long axis  (H LA). Th e  atte nuation cor-
re cte d and non corre cte d s lice s  w e re  ge ne rate d.

Data Analysis

All th e  s tudie s  w e re  as s e s s e d for any m al-re gis tration
and patie nt m ove m e nt. If th e re  w as  s ligh t m is re gis -
tration be tw e e n e m is s ion and trans m is s ion data, th e
im age s  w e re  re proce s s e d but dis carde d if th e re  w as
e vide nce  of s ignificant patie nt m otion or m is re gis -
 tration during acq uis ition.
Cardiac s cans  w e re  as s e s s e d vis ually by 2 e xpe -
rie nce d nucle ar ph ys icians . Stre s s  and re s t tom o-
gram s  w e re  pre s e nte d in a random  s e q ue nce  for
inte rpre tation to e xpe rie nce d obs e rve rs . During vis ual
inte rpre tation, no clinical inform ation w as  tak e n into
account, s uch  as  patie nt h is tory and CAG findings .
Th e  e xpe rts  w e re  als o blinde d to any com pute r
ge ne rate d m yocardial pe rfus ion s core s  or patie nt
group inform ation. H ow e ve r, all available  im age  data
including raw  proje ctions  re s t and s tre s s  NC and AC
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Population

n

Age

Fe m ale

M ale

H ype rte ns ion

Diabe te s

Fam ily H is tory

H ype rlipide m ia

Sm ok ing

End dias tolic volum e

End s ys tolic volum e

Strok e  volum e

Eje ction fraction

9 1

53.24±12.7

32 (35% )

59  (65% )

55 (60% )

23 (25% )

29  (32% )

17 (18% )

28 (19 % )

67.48±25.9 0

23.9 6±20.55

44.9 2±10.31

71.19 ±16.18

Table 1: De m ograph ics  of th e  s tudy population.

Correlation of Myocardial Perfusion with

Myocardial Wall Motion and Thickening

Of th e  637 s e gm e nts  analyz e d w ith  NC im age s , 585
(71% ) re gions  h ad norm al w all m otion and th ick e ning
and 34 (5% ) re gions  h ad abnorm al w all m otion or
th ick e ning. Th e re  w as  a w e ak  agre e m e nt in th e
re gional s core  be tw e e n m yocardial pe rfus ion and
m yocardial w all m otion: (77% ) 49 2/637 for gate d
SPECT. Of th e  52 re gions  th at h ad abnorm al w all
m otion or th ick e ning, 18 (35% ) re gions  s h ow  norm al
or inducible  is ch e m ia on gate d SPECT (Tab. 2).
Of th e  637 s e gm e nts  analyz e d w ith  AC im age s , 585
(71% ) re gions  h ad norm al w all m otion and th ick e ning
and 29  (4% ) re gions  h ad abnorm al w all m otion or

Th e re  w e re  9 1 patie nts ; th e ir m e an age  w as  53.24
± 12.7 ye ars , w ith  a range  of 30-78 ye ars  and m e an
h e igh t w as  162.0 ± 25.18 cm . Th e  s tudy population
h ad m e an w e igh t of 72.70 ± 15.56 k g.
Sum m ary of th e  de m ograph ic data is  s h ow n in
(Tab. 1).

Fixed perfusion
defects

Normal perfusion
or inducible

ischemia

Total

Norm al w all m otion
or  th ick e ning

Abnorm al w all
m otion and
th ick e ning

Total

Kappa value

127

34

161

458

18

476

585

52

637

0.22

Table 2: Re gional s core  agre e m e nt on NC im age s  be tw e e n
m yocardial pe rfus ion and m yocardial w all m otion and th ick e ning

by gate d SPECT

Discussion

According to pre vious  s tudie s , by ins pe cting re s ting
w all m otion / th ick e ning, a nucle ar ph ys ician m ay
diffe re ntiate  true  fixe d pe rfus ion de fe cts  from  artifacts .
If re s ting w all m otions  / th ick e ning are  norm al, th e n
pe rfus ion in th at s e gm e nt is  cons ide re d norm al and
th e  appare nt pe rfus ion de cre as e  at re s t is  an artifact.4

If de cre as e d uptak e  during s tre s s  is  s im ilar to th at
s e e n during th e  re s ting pe riod and th at s e gm e nt
s h ow s  good w all m otion or th ick e ning, th e  appare nt
h ypo pe rfus ion during s tre s s  is  als o an artifact.
H ow e ve r, w h e n de cre as e d uptak e  is  found only during
a pe riod of s tre s s , or w h e n it is  ne ce s s ary to dif-
fe re ntiate  a re ve rs ible  de cre as e  from  an artifact,
gate d SPECT is  of little  value .6 In s uch  cas e s
atte nuation corre ction m ay be  h e lpful.
Th e  be ne fits  of CT bas e d atte nuation corre ction are
le s s  nois e , fas te r acq uis ition, no influe nce  of th e
SPECT radionuclide  on CT data and no ne e d to
re place  de caye d trans m is s ion s ource .7 H e nde l e t al
re porte d th at th e  us e  of atte nuation corre ction m ay
im prove  th e  diagnos tic accuracy of MPI, particularly
w ith  re gard to its  s pe cificity. In addition, it m ay s ave
tim e  and re duce  cos ts  in s tre s s  laboratorie s  by
allow ing th e m  to pe rform  s tre s s  only pe rfus ion
im aging in patie nts  w ith  a low  to inte rm e diate  ris k  of
CAD, w ith  gre ate r re ade r confide nce  and accuracy.8

W e  trie d to validate  our atte nuation corre ction e ffe ct

th ick e ning. Th e re  w as  a m ode rate  agre e m e nt in re -
gional s core  be tw e e n m yocardial pe rfus ion and
m yocardial w all m otion: (9 5% ) 602/637 for gate d
SPECT. O f th e  52 re gions  th at h ad abnorm al w all
m otion or th ick e ning, 23 (44% ) re gions  s h ow  norm al
or inducible  is ch e m ia on gate d SPECT (Tab. 3).

Fixed perfusion
defects

Normal perfusion
or inducible

ischemia

Total

Norm al w all m otion
or  th ick e ning

Abnorm al w all
m otion and
th ick e ning

Total

K appa value

12

29

41

573

23

59 6

585

52

637

0.59

Table 3: Re gional s core  agre e m e nt on AC im age s  be tw e e n
m yocardial pe rfus ion and m yocardial w all m otion and th ick e ning

by gate d SPECT
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by finding th e  corre lation of NC and AC pe rfus ion
im age s  w ith  gate d w all m otion and/or w all th ick e ning
analys is . W e  found a w e ak  agre e m e nt in th e  re gional
s core  be tw e e n m yocardial pe rfus ion and m yocardial
w all m otion (k =0.22) for gate d SPECT, s ince  th e re
h ad be e n m any artifactual pe rfus ion de fe cts  in NC
im age s  th at did not corre late  w ith  re gional w all m otion
or th ick e ning. Conve rs e ly, th e re  w as  a m ode rate
agre e m e nt in re gional s core  be tw e e n m yocardial
pe rfus ion and m yocardial w all m otion (k =0.59 ) for
gate d SPECT as  m any of th e  artifactual (due  to
atte nuation) pe rfus ion de fe cts  re duce d in atte nuation
corre cte d im age s .
As  w all th ick e ning is  m ore  accurate  th an gate d
SPECT w all m otion analys is ,9  w e  include d both  i.e .
w all m otion as  w e ll as  th ick e ning in our crite ria for
finding corre lation w ith  pe rfus ion analys is . De s pite
th is , on AC s tudy th e re  w e re  12 re gions  w h ich  s h ow e d
fixe d pe rfus ion de fe cts  but norm al w all m otion or
th ick e ning, th is  could be  due  to e ith e r s m all or a non
trans m ural infarct in th e  re gion. 23 re gions  on AC
w e re  th os e  w h ich  h ad abnorm al w all m otion / th ick e -
ning but norm al pe rfus ion or inducible  is ch e m ia. Th is
e ffe ct w as  probably due  to partial-volum e  e ffe ct of
th in infarcte d are a caus ing ove re s tim ation of im paire d
w all th ick e ning. Anoth e r pos s ibility is  non-vis ualiz ation
of re gional w all due  to s e ve re  atte nuation as  gate d
im age s  w e re  obtaine d by filte re d back  proje ctions .
Furth e rm ore , w e  as s e s s e d corre lation on vis ual
analys is , and th e re fore , it is  ne e dle s s  to s ay th at
w e re  probabilitie s  of h um an e rrors  in m ak ing judg-
m e nts .
Th e re  are  m any s tudie s  w h ich  prove d th at ECG
gating provide  additive  value  to th e  SPECT diagnos tic
accuracy.10,11 Gating is  particularly h e lpful in cas e s
w h e re  th e  non-AC or AC im age s  are  uninte rpre table
due  to artifacts  from  h igh  trace r activity in adjace nt
abdom inal vis ce ra. Th e  oth e r cate gory w h e re  adding
gating prove d be ne ficial is  in th e  cas e  of balance d
th re e -ve s s e l dis e as e . In th is  s ituation, w h ich  is  rare ,
re gional m yocardial uptak e  th rough out th e  h e art is
norm aliz e d to th e  re gion of gre ate s t uptak e  and it is
as s um e d th at th e  re gion w ith  th e  gre ate s t im age d
activity h as  norm al m yocardial pe rfus ion. H ow e ve r,
in th re e  ve s s e l dis e as e , th e  are a of m yocardium  w ith
h igh e s t uptak e  m ay not re pre s e nt norm ally pe rfus e d
m yocardium  w h ich  can be  clarifie d by im pairm e nt in
w all th ick e ning and m otion. In addition, gate d SPECT

Conclusion

Gating provide s  m ode s t corre lation w ith  atte nuation
corre cte d m yocardial pe rfus ion s can as  com pare d
to non-atte nuation corre cte d im age s , s ignifying th e
im portance  of atte nuation corre ction. Furth e rm ore ,
gate d SPECT als o provide s  inform ation on le ft
ve ntricular cavity volum e  and e je ction fraction.
Th e re fore , both  gate d and atte nuation corre ction
s h ould be  us e d in com bination.
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