Evaluation of Right ventricular Function Using
Radionuclide Technique: with Special Empasis on
Gated Single Photon Emission Computed
Tomography
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ventriculography ; ROI, region of interest:
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left ventricular ejection fraction; LVG, left
RVEF, right ventricular ejection fraction;

SPECT, single photon emission computed tomography ; SVR, stroke volume ratio; VOI,

volume of interest.
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Fig. 1.

Right ventricular and body phantom.
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Right ventricular phantom (Fig. 1.A) was set in the body phantom (Fig. 1.B) in the same

manner of actual heart position.
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Fig.2. Relationship between the cut levels and the
relative error of calculated volumes by single
photon emission computed tomography.

The calculated volume changed according to cut
level. A, phantom of 41 ml; ®, phantom of 134
ml; ®, phantom of 360 ml.
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Vol(SPECT)=0.91 - Vol(LVG)+16.1(ml), r=0.965
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Fig.3. Relationship between phantom volumes
and optimal cut levels.
There was no significant change of optimal cut
level among various phantom volumes. @, no
background ; =, the background concentration
of Tc-99m was 209 of the concentration of Tc-
99m in right ventricular phantom.
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Fig. 4. Relationship between optimal cut level and background level.
There was a good correlation between optimal cut levels and background levels. The
regression equation between the optimal cut levels(Y) and background levels(X) is Y=0.
47X +44.2(%) and the coefficient of correlation is r=0.989 (p<0.005, n=15). @, phantomn

of 41 ml; ®, phantom of 105 ml.

6.6(ml), r=0.983(p<0.005) & RIFRIEB* B,
SPECT 8 & *LVG Iz & % % 1 1 102.3+65.8,
105.1+64.4ml TH O EFEZRED R o 72,

2) tHthEL (SVR) s

i. SPECT iz & 5 1#

B 7T L IR HEED SVR fER R L 72,
MR s & CEREB DL VL22EH T I3 SVR 2
1.03+0.09(SD) & iZIFERMED 1 I WEETL 7.
YR EH S5 21 ERITIE 1.82+0.63 L& b, FEEHE
RECHL TEBREE 2R L (p<0.005), Sellers 4
BO1~28 (1EL1H, 2E76) THOSVRIZ
1.55+0.31, 3D 6 #IT13 1.8940.30 TH H HE &
LIEWMBIC L L THECEEER LY (9<0.005),
I~2FL3FEOMCRAEEE2R bR o (p=
0.1~0.05),

ii . SPECT & & Fre O ERAE (LT Planar
HEEWET) O SVREDHE

Planar ¥z & 2 JEM A D SVR i3 1.30+£0.19 T

ml
100 e

CALCULATED VOLUME
w
[ )

10 20 30 40 50 60
BKG LEVEL %
Fig.5. The calculated volume by single photon
emission computed tomography at various back-
ground levels. The calculated volume showed
100%£8.1(SD)% of actual phantom volume. ®,
phantom of 41 ml; @, phantom of 105 ml.
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HYERELDREERL, SPECT® LR V@K
FHl % 7 L 72 (p<0.005), SPECT #% & U Planar i
DENTHOIESETED SVR EOFH+2SD LA L%
HWH O L LABEDERESE, HHRELE, E2
hR 2 WRLIz, SPECT #38 & O* Planar i 81
2EREBRIIFNFN BUB L V6B THFES
T3 100%B LU 5% TH D SPECT HDIE S EHV
BlFEERLI:,

II. FErCBEREBPCT -V FIr5374L
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MICA # & SPECT ¥ i & % RVEF(EFMICA),
EF(SPECT)) o M & & EF(MICA)=0.39 -
EF(SPECT)+16.5(%), r=0.448, n=45 L & (p<
0.005) DERE % ZED 7z M HEREITEETH - 12 (K
8)., MICA#¥ T RVEF {4 #$36.9+7.8% &
SPECT D 52.3+9.0% it L THEEI (p<0.005)
BEEERL-.

2. 2ROI &% A& o Hks

2ROl ¥ & SPECT ¥ i & 3 RVEF(EF(2 ROI),
EF(SPECT)) o® M i & EF(2 ROI)=0.73 -
EF(SPECT)+8.2 (%), r=0.760, n=47 ® RiFc+H
B (p<0.005) 237z (F9). 2ROI D RVEF i3
46.81“9.0%%5? L SPECT # @ 53.0+9.4%ic kL L

F:d

TEMEERL (p<0.005),

3. MICA i & 2 ROI 5D b8k

MEFLFh b SPECT ksl L THEECEE %R
L7z MICAE% L 2ROTED I & HEE (p<
0.005) %58 MICA ETEM %R L, HHEREL 2
ROI s MICA & D BEFRESTRL 72,

M. 77— bR & SPECT %= & 5 RVEF

{E D L8

1. B ROl &% B W iga D

[El%E ROI ¥ & SPECT #% 2 & 5 RVEF(EF(FROI),
EF(SPECT)) o B i & EF(FROI1)=0.53 -
EF(SPECT)+16.6 (%), r=0.668 (p<0.005), n=
44 OB EFED I (K 10). BE ROIETIE 44.3+
6.6% & SPECT ¥ 53.7+9.2% izl L THBEICE
fEERLY (p<0.005).

2. 2ROl EZAWBEOHRK

2ROI ¥ & SPECT #% 2 & % RVEF(EF(2 ROD),
EF(SPECT)) @ M it EF(2 ROI)=0.74 -
EF(SPECT)+16.8 (%), r=0.837 (p<0.005), n=
38 D RIF MBS 2 W 72 (K 11), 2 RO % & SPECT
HBOFEHEIZF N EN 58.1+7.5%, 55.3+8.5%TH
DEEZRIZRD LT,

3. E%E ROl ¥k 2 ROI ¥ h#k

2ROI ¥ EE ROT #2142 b U T SPECT % & B #F
ZHEBEERL, £¥HES 2 ROI ¥ T SPECT &%

Table 1. Calculated volume of phantom using single photon emission computed

tomography

Phantom Back Calculated Relative value of
volume ground volume calculated volum
(ml) (%) (m}) (%) ‘

31.5 36.8 35.8 113

51.0 34.0 108

41.0 33.9 41.8 102

70.0 35.5 66.0 94

48.9 80.0 114

105 35.1 98.5 94

47.1 100 95

134 32.1 114 85

45.9 117 87

216 32.8 197 91

45.0 190 88

305 32.4 253 83

44.5 290 95

360 35.4 319 89

46.4 366 102

96.0%9.8(SD)
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LEFT VENTRICULAR VOLUME BY SPECT

50 100 150 200 250

LEFT VENTRICULAR VOLUME BY
LEFT VENTRICULOGRAPHY

Fig.6. Correlation between the left ventricular volumes determined by single photon
emission computed tomography (SPECT) and those determined by left ventriculography
(LVG). The regression equation between left ventricular end-diastolic volumes (@)
determined by SPECT(Y) and those determined by LVG(X) is Y=0.91X+16.1 (ml) and the
coefficient of correlation is r=0.965 (p<0.005, n=26). The regression equation between
left ventricular end-systolic volumes (#) determined by SPECT and those determined by
LVG is Y=0.96X+4.9 (ml) and the cofficient of correlation is r=0.973 (p<0.005, n=25).
When left end-diastolic and end-systolic volumes are combined, the regression equation
between left ventricular volumes determined by SPECT(Y) and those determined by
LVG(X) is Y=0.96X+6.6 (ml) and the coefficient of correlation is r=0.983 (p<0.005, n=
51).

ml
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Table 2. The sensitivity, specificity and accuracy for detecting regurgitation

Sensitivity Specificity Accuracy
Gated SPECT 95% 100% 98%
(20/21) (22/22) (42/43)
Planar GBP 76% 95% 86%
(16721) (21/22) (37/43)

Abbreviations : SPECT, single photon emission computed tomography ; GBP, gated blood

pool method
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Fig.7. Stroke volume ratios determined by

SPECT in patients without regurgitation ((—)), in
patients with aortic or mitral regurgitation of
grade I ~II of sellers’ classification ( I ~II) and
in patients with grade I regurgitation (II).
Vertical bars represent mean=SD. ¢, p<0.005 ;
NS, statistically not significant.
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Fig.8. Correlation between right ventricular
ejection fractions (RVEFSs) obtained by planar
gated blood pool (GBP) technique using semi-
automatic setting of right ventricular region of
interest (ROI) and RVEFs by single photon
emission computed tomography (SPECT). The
regression equation between RVEFs obtained by
GBP(Y) and SPECT(X) is Y=0.39X +16.5(%) and
the coefficient of correlation is r=0.448 (p<0.005,
n=45).
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Fig. 9. Correlation between right ventricular
ejection fractions (RVEFs) obtained by planar
gated blood pool (GBP) technique using variable
right ventricular region of interest (ROI) and
RVEFs by single photon emission computed
tomography (SPECT). The regression equation
between RVEFs obtained by GBP(Y) and by
SPECT(X) is Y=0.73X+8.2(%) and the coeffici-
ent of correlations is r=0.760 (p<0.005, n=47).
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Fig. 10. Correlation between right ventricular
ejection fractions (RVEFs) obtained by first pass
technique using fixed right ventricular region of
interest (ROI) and RVEFs obtained by single
photon emission computed tomography (SPECT).
The regression equation between RVEFs obtain-
ed by first pass technique(Y) and by SPECT(X) is
Y =0.53X+16.6(%) and the coefficient of correla-
tion is r=0.668 (p<0.005, n=44).
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Fig. 11. Correlation between right ventricular
ejection fractions (RVEFs) obtained by first pass
technique using variable right ventricular region
of interest (ROI) and RVEFs by single photon
emission computed tomography (SPECT). The
regression equation between RVEFs obtained by
first pass technique(Y) and by SPECT(X) is Y=0.
74X +16.8(%) and the coefficient of correlation is

r=0.837 (p<0.005, n=38).
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Abstract

A new method for the measurement of right ventricular volume and ejection fraction using
gated single photon emission computed tomography (SPECT) was developed and evaluated in
phantom and in patients. Right ventricular ejection fraction (RVEF) calculated by SPECT was
compared with RVEFs by planar gated blood pool (GBP) and first pass (FP) techniques. In
SPECT study, after reconstructing ventricular tomographic slices, ventricular perimeters were
determined using a certain threshold level (% of maximum count in the chamber). The ven-
tricular volumes were then calculated based on the number of voxels of interest. Since optimal
threshold level for delineating perimeter was considered to be influenced by the background
(BG) and the ventricular volume, the relations among these factors were studied. Although
optimal threshold level was not affected significantly by the volume of the camber when BG was
constant, optimal threshold level (OT) had linear correlation with BG level; that was: OT=0.47-
BG+44.2(%), r=0.989. When this equation was used for volume calculation, the relative esti-
mated volume of various sizes of phantom in various BG levels was 96£9.8% (SD). In 26 pa-
tients, left ventricular end-diastolic and end-systolic volume calculated by SPECT(Vol (SPECT))
showed excellent correlation with the volume by single-plane left ventriculography (Vol (LVG));
that was Vol (SPECT) = 0.96-Vol (LVG)+6.6(ml), r=0.983, n=51. In 22 patients without
valvular and/or shunt diseases, stroke volume (SV) ratio (left ventricular SV/right ventricular SV)
measured by SPECT was compared with that obtained by planar GBP. SV ratio obtained by
SPECT was 1.03+0.09(SD), while it was 1.30%0.19 by planar GBP. This indicated that the
measurement of right ventricular volume by SPECT was reliable. RVEFs obtained by the GBP
(variable ROI method) technique (EF(GBP)) showed good correlation with that obtained by
SPECT (EF(SPECT)); that is: EF (GBP) =0.73-EF(SPECT)+8.2(%), r=0.760,n=47.However,
RVEF obtained by GBP were significantly underestimated compared with that obtained by
SPECT (46.8+9.0% vs 53.049.4%). This underestimation was thought to be due to the overlap of
right atrium and right ventricle. RVEFs obtained by the FP (variable ROI method) technique
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(EF(EP)) showed good correlation with that obtained by SPECT (EF(SPECT)); that is EF(FP)
=0.74-EF(SPECT)+16.8(%), r=0.837, n=38. And there was no significant difference between FP
and SPECT methods (58.1£7.5% vs 55.3£8.5%). In conclusion, this SPECT method was accurate
and reliable for the determination of RVEF and absolute right ventricular volume as well as left
ventricular volume. And the first pass technique was simple and reliable for the measurement of
RVEF.




