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Summary

As a new method for regional wall motion analysis, the tomographic functional images, including
“ coronal 7, ““sagittal ” and ‘‘ four-chamber ’ sections, were produced by applying the fundamental
Fourier analysis using gated cardiac pool emission computed tomography (POOL-SPECT). Segmental
wall motion was qualitatively assessed from the functional images in 10 normal subjects and in 48 pati-
ents with myocardial infarction. The results were compared with those assessed by gated blood pool
planar images (modified LAO 45), two-dimensional echocardiography (2DE) or contrast left ventriculo-
graphy (LVG). The following results were obtained.

1. POOL-SPECT imaging could separate the ventricle in three dimensions from the neigh-
boring cardiovascular system by avoiding the overlapping blood pool to make accurate recognition
of regional wall motion.

2. The functional tomograms had greater clinical efficacy in the diagnosis of infarcted segments
than did the conventional equilibrium method, with high sensitivity (93/99, 93.9%,), specificity (128/
141, 90.8%) and accuracy (221/240, 92.1%,), especially in the apical and inferoposterior portions.

3. Tomographic functional imaging facilitated estimating segmental cardiac performance from
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spatial and temporal aspects. The amplitude image which expresses regional stroke volume was
readily available to detect hypokinesis and akinesis. The phase image of the initial cardiac movement
was very useful for diagnosing dyskinesis.

4. In comparing the qualitative analysis with 2DE or LVG, complete agreement was observed
in 809, (128/160) and 85.19%, (149/175) of segments, though POOL-SPECT imaging showed un-
derestimations in 119, of the segments.

In conclusion, POOL-SPECT can be performed repeatedly without potential risks and the tomog-
raphic functional images derived from application of Fourier analysis to POOL-SPECT images are very
useful for qualitative and three-dimensional analysis of regional wall motion. Thus, this technique
may be a promising procedure in clinical investigations, obviating the disadvantages of conventional

methods.
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A, [EERIA V= A FIREB0bW 5 sin-
gle photon emission computed tomogrophy
(SPECT) »Bisk&h, DEEEZEHRERLRICE
WT, ZRTHEBIC X 2T EFER b 0 & L
Jo. BETE, ZoFEICEY, DA A—V YV
FOPEREEIELLRLEL, REIERES<
Fisho25 3110 &6, HFLVWRAZLL
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EREYFRE L 220, BERE TOKE2ER®H
HEhs LrArLEEDL, ZOHFEOKRETEIVWE
7243 L iz v g1,

BT~ 13, JRFTEEESR) O ZRITHENT & BHY
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WY 2T 5 2 L ©, BEEBRE I ORE
&, FOEMAMFMME RS2, AR, Zhbok
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i @EE 10 5 23 ®aro 65 5%, FH
521130 5%, BHESHI, &S H) &, Mok, A

Bk e & SBIR7e BDTE & Y, LERE
ST kR & Q EHHE, BIUEHHOHENE:
FERAE RL, DHEEEL EESH Shic B
7 B8 Emh o 78 1%, Ty 54.6+99%%, Hik47
i, %t 141) o7 584l ¢ % (Table 1). #3,
DFEEREONRIE, BIEEEEZE 20 ], TEEE
# 24, WEOAPE44HITH -7z (Table 2).
5 &=

1L MERMAL T — ik

BEOLS—NVEERIT L. Thbb, Te-
99 m 20 mCi iz THEENRMERE B, LiTHE
Bz, WAz Y A —F—2EF LIV v=h 2t
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ZLC 75) T, E#HFML» S ERIFMIE T, 10
EEZ L 18 HM 180 EE itz » T, —J5M 60 FHLL
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Table 1. Study subjects

Case (No.) Age Sex(M/F)

Normal control 10 52.1+13.0 5/5
(23-65)

Myocardial infarction 48 54.6+ 9.9 47/1
(38-78)

SEBROF RN O EENTEE (coronal) 48, X
5 i MW g% (four chamber) % {E8Y L 7= (Fig.
1b, c).

rB, EEAFEG Fig. 1 R+ 2 & <,
MLAO 45 #% ik #EkDFEICHE, BiBERiE
B, TEELRHE, HMEHMO=FEE ik
POOL-SPECT & iz, BB, oFE, fIEE, Dk
#, FTHEOEFRDOETHEHITHHE L.

2. (rERMTER

UEDF—#X9, £ €10 time-activity
curve |2 Fourier #2iF # 17V, —RIEDIRIE, {7

coronal

I(P)

DR 7 — VB ALARRRIT A # — Pic Xk 3 BEEE)EEE

Table 2. Localization of infarct segments in
48 patients

Location No. of segments
Anterior 21
Septal 13
Apical 23
Lateral 14
Inferoposterior 28
Total 99

HAZACWTHEEREZMEN L. 2L, RES
A —¥ (amplitude) (ZIRIFE O HK/IMEH bR AE
¥ Tk, N4 2 — (phase) iZ74H4 0
5360 B (RR RfE=360 &) £ <%, zhZh
EDRORETOENHI T — Ry — itk >TH
L7z

EEEE) O BHERGHME X, [ABEITA A —TY K
DHEEEZHT TRRTZ. Thbb, EXKIEED

4 chamber

sagittal

Fig. 1. Schematic representation of left ventricular segments in the 45° modified LAO
planar image (a) and left axial tomograms (b), POOL-SPECT (c) and T1-SPECT (d) images.

LV=left ventricle; RV=right ventricle; LA=Ileft atrium; RA=right atrium; A=anterior; S=
septal; L=lateral; Ap=apical; I=inferior; P=posterior; AS =anteroseptal; IA =inferoapical; PL=

posterolateral.
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Fig. 2. Diagrams of the left ventricular walls obtained by two-dimensional echocardio-

graphy.

60% LLE# normokinesis, 20~60% % hypo-
kiness, 20% LLTF % akinesis & L, ¥7AEZENK
ShrkafA X Y 100 ELLEOMAREBIEY dyskinesis
LEZELI

3. TI201 DEGEEE

TI-201 4mCi ¢ Z#HBICHER Ao
SPECT $:iBic TAEBHMLY b ARFMIE TS &
zk, 364, 180 EofET F—4 & INEL,
POOL-SPECT #¥:& Rlko HikT, EERH,
i, MEOLANEGRE 6 mm REOLRE CE
MU %7, Fig. Id KRT T L, ELEX
Bz{, POOL-SPECT {4 & REkkic, wiEE, 95,
fUBE, LR, THEORFRICHE L &
B, OipEEWA: T1-201 SPECT 4% AvFE
ELk.

Lk, RI o5 —yUngix 64x64 =+ Y v
7 ATV, BRIBERfTber ol ¥, 7
— FINE MBI T = h AT A TA U THE
6 L B EREE (B! Scintipac 2400)
EHWTfTo k.

4. FEOTI-EEASUIC X RESERE

Wi T = — kI E R SSH40A (24 B X
O 3.5MHz) % fiv, RFTESESFHE OFIRET
ool fEEsE 32 il & & L L z. POOL-
SPECT 4 LRikic, EZXFBLHE, T,
fEE, DARE, FTHREOEFMICHT (Fig. 2),
BT REESh % BhiEifk X v #1 Ay, normokinesis,
hypokinesis, akinesis, dyskinesis & 4 B¢pi i ¥4
L.

X @ik, Siemens 8 PANDOROS
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Fig. 3. Typical functional images in a normal suject.

In the amplitude images, the red or yellow regions in the free walls of the left ventricle suggest
good contraction (normokinesis). In the phase images, the homogeneous blue pattern in the right
and left ventricles indicates well synchronized contraction. All left ventricular segments can be re-
cognized three-dimensionally in the POOL-SPECT images.

1000 2 vy, OFEZERSE 35 e i, R
L 60 B, ARifhz 30 FEE Tz L, AHA 49
CREWLERTME 7 \IRICH T, RFTESES %
ATk > 4 Bepi T 5T L 7.

Uik, KAEESIC X 3 RPTREEB T 3, WK
DERGFES T UOKEEBIES W ZERME I
HBATL, RRCZOREEZRNIE LT, KEoHH
HERE L.

& R

1. @&FI2H 1+ 35 MLAO 45 5 & ¥ POOL-
SPECT [[HERHTA X —

s> MLAO 45 SEite » =575 POOL-
SPECT 4% Fig. 3 o7+, MREM»S, I
HRARM & UHEAR Y O —F#E 4 2 — ¥ (double
contour), IRfEA * — (amplitude), ATFEA
—¥ (phase) ZhZhzRLTW3. 22T, I
A 2 — Y IR SR 2 KT 5 & & x b
tv, MLAO 45 (% TR PR oL EEH
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FH~RBEDRRBEWIREA A—VERL TV 3
7, EEHHECIR~EEORIRES A —VE
B, BEARIGEESTHALONS. ABREEIC
W+ 5L, £EMCEAORIRIEA A —VLR
>Tw3%. —JF, POOL-SPECT #:<ix, Btk
(sagittal) CRTEEHS, LRER, THREEED, EicdE
#h#s (coronal) TIXHTEEES, WREEE, MEEE, T
BEEES, X &izixMufE (four chamber) THIE
], DRE, RERAThZhABEL L, LEX
AL oBEE SRTHICIHE S 5 2 L AFREL 2
%5. z®iH, POOL-SPECT iEigAf » —Y T
X, MLAO 45 izl L, £ZHHEOEHHE
FhLEIREA A —CERLTVWS Z L HHRIE
BFmTES.

Wiz, PAEA A — DB E IR OUUHERR ks
HWEREL, BRENEREOE b RFINGESR
DfEF# FIEE L LT 3. MLAO 45 %, POOL-
SPECT 4 & b EALERRIBFEOH—R2A A —
TEEL, EALERBIVCELENOIFESR
WFhadkTAd e RT o L IKEETE S ¥,
ZORIAEA A =Pk, B~ FREOMIBERIR &
LTE»ORBEL DR, DEKLERTHS. -
%9, POOL-SPECT fitgf » —C&AV3Z
Lizky, DELMOLIERLEOHIELYIE
BITO>Z L LRIEEL 2 3.

ko R X v, POOL-SPECT &3
zlitkoT, MES—NDERY ZBET OB
LRGN LERY, DLEEEALOZKRITAEES
R Lol &bic, (MIEETELHFATSC
LT, EALERFIRORFTINESEL, 2R/
ORRREIREIE X v SEMICEEIT T B 2 L BTRTRE L
ol

2. FEFDFIR

UTERMZETRL, REMICERECHAE:
BT 5.

EG 1: 49 5%, Bk (Fig. 4)

TI-SPECT 54 THEERO ELXRE 2 R L
(Fig. 4a), THEFEE LWL IHITHS. &
BiiRER bk, Seg.2 DA% L FIRFICMDHRIZ b

BERBERE L ZH, EZBHLEII 61%
LRIFThote. X BESBEEETIE, Seg. 4,5
@ hypokinesis 23R & iz, A O.LARRL
7 — % Fig. 4b iz;7+. MLAO 45 #:<i3,
WEFRY EERZ -V LT RBEIRTVS A,
POOL-SPECT {4 ki3 Fihth, Shhfh ©TH%EE
WOIKIRIEA # — Y %88, hypokinesis & ¥HJE
hiz. Zok iz, MLAO 45 5 i3pieE, L
RIR, REOREABIMECLY, LELETH
EEROBEGRE MBS TLES ) e, —RE
BAA—VERTLOLELLR.

R 2: 445%, B (Fig. 5)

TI-SPECT &k, #ieE, g, LAREL TFEE
I RIAE B (Fig. 5a), BiBEHE, TEELD
RIPEE LU S h 2 HITh 5. TEIREE T
X, EEMEC Seg. 6 ic 9% OWEERT—
BRET, EEFEHAEIZ 24% LETLTW
2. BT o —KEiz T, BiBEdfgi akinesis,
DRERIE dyskinesis 2R L, X BESEEFET
13 Seg.2,6 o akinesis & Seg. 3 » dyskinesis,
Seg. 4 @ hypokinesis 2388» b . Ao
L 7 — 14 (Fig. 5b) <13, MLAO 45 mi
B4 2 — Y b bETEERRE, TEELRE D akinesis
PHE SN, (A 2 —TIRBO TR TE
FOMNAGEIEREw-. POOL-SPECT # <3,
HiEE, PREHMOBERREETCME, DERE,
THEERIC LIRIBIET 238 bh, BiFE i akine-
sis, %3 hypokinesis L¥|E&hiz. LaL,
R, MEOMEMTA A —Y Lk, DREBICHE
RATFBE R & h, dyskinesis LBUF&hic.

3. MARMILT —IVEIHEBIRA X —DIc X HEE
Hokd

DRI 7 — VAR A 2 — Y L ORETEE
EHRE»OLHEEREHEL, T ODRKE
% TI1-201 SPECT HicTRIE & W BEHI &
HHEL LTRE L. 2ofER, Aiamging 2 —
Ik B EEOHMBER T Table 3 0L <
Thote. +bb, MLAO 45 g4 (Table 3A)
i, HIBEREET D sensitivity X 95.2% (20/21),
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Fig. 4. TI-SPECT and POOL-SPECT of Case 1 (49-year-old man with inferoposterior infarction).

Contrast left ventriculography revealed hypokinesis in the inferoposterior wall, which shows per-
fusion defect in the T1-SPECT images (upper). Although abnormal wall motions are not detected in
the 45° modified LAO images, the sagittal and coronal amplitude images by POOL-SPECT indicate
hypokinetic wall motion in the lesion (below).
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Fig. 5. TI-SPECT and POOL-SPECT of Case 2 (44-year-old mon with ventricular aneurysm).

In TI-SPECT images (upper), complete defects are in the anterior, septal, apical and inferior
segments. The 45° modified LAO amplitude image shows akinesis in the anteroseptal and infero-
apical regions. The dyskinetic motion, which cannot be recognized from the planar imaging, is detected
as the markedly delayed phase areas in the sagittal and four chamber phase images (below), cor-
respond ing to the findings of contrast left ventriculography.
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Table 3. Clinical efficacy of the planar imaging and POOL-SPECT imaging for the diag-

nosis of infarct segments in 48 patients

(A) Planar (45 MLAO) imaging

Specificity

Accuracy

25/27 (92.6%)
10/10 (100%)
27/28 (96.4%)

45/48 (93.8%)
28/48 (58.3%)
36/48 (75.0%)

Segment Sensitivity

Ant-sep 20/21 (95.2%)
Inf.apx 18/38 (47.4%)
Post-lat 9/20 (45.0%)
Total 47179 (59.4%)

62/65 (95.4%)

109/144 (75.7%)

(B) POOL-SPECT imaging

Specificity

Accuracy

26/27 (96.3%)
28/35 (80.0%)
23/25 (92.0%)
33/34 (97.1%)
18/20 (90.0%)

47148 (97.9%)
41/48 (85.4%)
46/48 (95.8%)
42/48 (87.5%)
45/48 (93.8%)

Segment Sensitivity

Anterior 21/21 (100%)
Septal 13/13 (100%)
Apical 23/23 (100%)
Lateral 9/14 (64.3%)
Inf.post 27/28 (96.4%)
Total 93/99 (93.9%)

128/141 (90.8%) 221/240 (92.1%)

Abbreviations : ant-sep =anteroseptal; inf-apx=inferoapical; post-lat=posterolateral; inf.post=inferoposterior.

specificity 7% 92.6% (25/27), accuracy #3 93.8%
(45/48) &, WTFhLBFEL WX 3. L, TEE
DREB L BMBEER T3, specificity 22 2 h # h
100% (14/14), 96.4% (27/28) O/ERERT b D
@ sensitivity X 47.4% (18/38) L+ 45.0% (9/20)
THE L LERCE- =

—7%, POOL-SPECT f#4 (Table 3B) <%, #i
BE, thpE, LDARE B X THBEICEIT 5 sensi-
tivity 12 96.4% 25 100% LEBHTRIFTHY,
RRITDRER & THREEREER O BT ESRE O
ZhricELVYM E X 6 iz A, B
64.3% (9/14) LIERTH 7. %7z, specificity
I HREERAS 80% (28/35) L RR{ERTH - 1278,
ZOMOIWALTIE 0% 25 7% LiEH TR
Thote.

Zn X5z, POOL-SPECT {ifHfEIFA A —
Tk, REEEICH BAMEORERIICOR
Brbsbom, 4L LT sensitivity 93.9%
(93/99), specificity 90.8% (128/141), accuracy
92.1% (221/240) &, HWEREIC #£ > BETEHES)

AEBRHCEVWEEZTRL 2 .

4. EHERSEBEEO L

Table 4 ;x POOL-SPECT {8474 A —
2 X% EEMEEES M, WEL=T 2 —Rik,
X MEZEFECI ThER L WL g
ThHd. FELWELT 2 —KEL 0FL—FHR
i 81.9% (131/160), —EXpELINTO — B R i
96.9% (155/160) #5RL, E7-Ake X BERWE
Bk L DL —FRix 85.7% (150/175), —E¥pELL
NTO—ERiX 98.9% (173/175) T »1z. 7oi
L, POOL-SPECT gkidfih 2 gric b L 11.3% (18/
160), 10.9% (19/175) o fE 4] ©3@ /NEFAT % 57 L 7z.
TOREELT, ffA A — iy 5 —%
RThBIcw, 2EMNLEESHETH I, BEE
BOMBHRIFREBEEFICGEVNA A -V L L
THHT 2SR S A 27, Kk
2 iz L, 6.9% (11/160), 3.4% (6/175) oi@k
B 2 BB o 2%, ApkCREEG 2 EE Bt
RTLoTWB®, LREICK S RLEEIRE
HET 20Tk, EXZEO—HE EMEL TS A
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Table 4. Comparison of wall motion analysis
by POOL-SPECT with that by 2DE (A)
or LVG (B)

(A) In 160 segments of 32 patients

2DE

N 76 6 3
POOL- H 8 16 9
SPECT A 2 26

D 1 13

(B) In 175 segments of 35 patients

LVG
N H A D
N 89 10
POOL- H 2 24 9
SPECT A 2 1 23
D 1 14

Abbreviations : 2DE =two-dimensional echocardio-
graphy; LVG=contrast left ventriculography; N=
normokinesis; H=hypokinesis; A=akinesis; D=
dyskinesis.

FHHEBICANTRERETHBLE LD N
1.

E #®

DIFZEEZNTER X 2EEZHEOEHOF
¢, EEiE e 9 biy SPECT oA EH
shTtws., F¢ig, TI-201 £ Tc-9m £r Y
VEBERWILEHA A —Y v I ~OIERR, Bl
HOREBZ P LT 3 HERER CRWIHEEZ O 5
KES>TWBINY, 55 RILF—AEES, O
BEFHE: & LT, < AF 5 — M ESAARRETEY
v EERARRY L, LDEATRUELRHS
EEHICmE, EE#ELSTEEOBRERED
B, xsicizzh s ofeRERIC X 5 R
BT FIRER b DL LTE . LdL, fERD
SEm BRI X 5 RPTEEES) 0l 23 B HRA S
bot. ZOFHICE, FEEHETIOLES—10

EESEGE#, DIERB ICLESFROS
BERR+4 &2 B, £ RPTESESRE L AREH
BIHER EIC X VEREh D FREERD 5, Y
PigHEh X ).

DIFEHIIC X 5 POOL-SPECT #:i3 F3EXKA
B, »oLT RO L OERITHER L EHE
KRR Lz 5HEL LTHIFESh S, 20K
AR S L VWIS - oEH O
—-o ¢ LT, POOL-SPECT #ickidn5—#
IESREOREIER LTV ARVWZ EBDITbh
3. Bxixzhzxcic, POOL-SPECT #:izi
F 57— 2 RS2 b O A ARARAT RIS R 2 B
THEBMREE, LDBE7 7 v -2 2AWT
ST &0, zpiER Az 360 57—
FIVENEE L WA, ERECERMLRINMHIERE
DRVWERTIZ, £HE0ENEHI80EF— 713
LY LOBETRL, SEIE4 »ERALFEIC
XBHIF 180T — 2T, BRISALS L3R
Bz h o L E 27z, Stadius & Ritchie® 4,
BRHIZIZTAY bP—7ORBENKRENLEZHH
b, HIF180ENHDFT— 2 2#FALTWS. &
ElOREI TR, T2 RR»D, L &b THkEE
A # — Y OERSER false positive #EfIDF]
EMERER S, artifact OHBLIFELAY
7L, +HEHE T x, »OoBRFRBERE R
L7c. #-T, AERT— 5 QNERREREO L»
bb, ERMFELBEXLNS.

DX 57 POOL-SPECT #iz kv, D=L
BRI 2 ROHE(L 2 BS I h O ERICER
THZLRFEEL Y, FICREROTEG THREE
N> TWILRE, THREBOEZRLEL S
MEU7z. FRFICARETE, MEERORHOH
BEEFEEAHHIZR T 2 BEESHRE ONERIE L
LA[EER b D L LTz, AFETIRELIZ, RFTEE
BB 0z L POOL-SPECT iz fii+BfZ
WEEHR L. ZoBEBEL LT, (HEERED
R XY, BEEShE ZRMRFMHNE»L LS
Z, ECEFANEIC X A EBIAIBER L LTH
HL> 2R EA852HThHs %D, RIEA
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# — ¥ H normokinesis, hypokinesis, akinesis %,
F A4 A —T A dyskinesis &, ZzhEFh[FE
EFREICLY &R

iz, POOL-SPECT {riafigti( A —2ic &
% RFTEEES) OEMRFME O F AL RE T <
< WBLT = -k X RESEREL L
To. REELfh 2 oficix, 80~85% mEe—
BRPBOONBZ LD, 2T LE
11% O@/NHEAFEE L.  OERO—EIZ,
A TR Lt b 7 —ForiEe, WEms
ELEOBBERPEZ bR, X VEARDRL,
ERCHELMBEOBRLZETR&E TH 5
Y. ki, ERERECIZZHFALERGEED
DEXFROSMEPLT L L+ 4 L v 2 T,
POOL-SPECT #:iz X % Wilgfh & Biftiic Hlk L
ARVRbHB. M, WBLT - BT,
flL o 2 BRI R TFHREBER & 0@ K5l + % 15
bR LN ZhbD0HEWD, IERO F—
[ EETFERO—HE 2T b oL s hz.

Pk, RBEREVOMEEERT LGV, FEE
WK TH v, DHEERE M RPTEES 2, %«
PR SR FEIMIE 2 ST 5 Z L 2 TREE L
ENIHET, BREED TERAORVWHRE
Bo—oLEZ, BELE

3 #

JRPTBEEBIRNT OB LWaka L LT, (D HFES
L7 — Vi@ s: (POOL-SPECT) ##fFL, —
WIEIC X % Fourier EiTEE3HINT 5 = & T,
EER, &, MHEoAE#ER (POOL-
SPECT frAHfEHTA 2 — ) RER L. BEE
10 fl & DFBEEERE 48 iz %t 4 iz, POOL-
SPECT {i#8f##r 4 » — ¥ X v EMEMIC RFTESE
B & 3l L, & 7R 0L 7 — AV FE R (modified
LAO 45), Wifg.i>= = — Xk 2DE), X =y
Witk (LVG) L ilatL, UTFofhmr Bk

1. POOL-SPECT #:ic kv, ME7—r o
EREABIC, DRERONMBRL R & &
v, DEEIME ZRTHICERICERT Sz &L

LIERIHL 7°— MR ALARAEIT A 2 — Vi & B REEBITAf

VE[EEL oz,

2. POOL-SPECT hifafgtr 4 » =Y itk 5
WEEBWIR, sensitivity 23 93.9% (93/99),
specificity 3 90.8% (128/141), accuracy %
92.1% (221/240) &, #t3k» modified LAO 45 g
BICHNTHLEBOTRET, FICORE, THEE
MTEBRA LVEETH o 7.

3. POOL-SPECT f{iifafgti4 » —vic kv,
JRPTEEESh %, ZERIAY 2o BERIAOHITE X » BEE S
DT LNTREL o7 RPTRRHBEEZ KL T
W 33ElE4 A — i3, normokinesis, hypokinesis,
akinesis DY|EIZ, F I RFTINKEREREEZRT
ffAA4 2 — iz dyskinesis oIz, WTFhi
BHTHERATH? LRI

4. 2DE, LVG & o EHrEsEsh il o ik
<ix, POOL-SPECT 1 x—2ic#y 11% D@
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