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Summary

Multiple-gated equilibrium scintigraphy has been recently developed and yields not only left
ventricular (LV) but right ventricular (RV) ejection counts. To evaluate a clinical usefulness of indices
derived from scintigraphy including RV ejection fraction (EF) and regurgitant fraction (RF), a total
of 160 patients (pts) with various diseases were studied. The subjects consisted of 10 pts with congestive
cardiomyopathy (CCM), 48 pts with coronary artery disease (CAD), 66 pts with valvular heart disease,
eight pts with secundum atrial septal defect (ASD), six pts with pulmonary hypertension without
primary cardiac disease (PH), and 22 normal subjects.

RVEF and RF were computed according to the following formula:

RVEF=(RVEDC—RVESC) / (RVEDC—BC),

RF=(LVCO—-RVCO) | RVCO
where RVEDC: RV end-diastolic counts, RVESC: RV end-systolic counts, BC: background counts,
LVCO: LV count output and RVCO: RV count output.

The mean value of RVEF in the normal subjects was 49.09%. RVEF was significantly low in the
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pts with CCM (24.29%), mitral stenosis (MS, 35.3%), acute aortic regurgitation (acute AR, 38.4%),
and PH (27.9%). The high values of total pulmonary vascular resistance (TPVR; 407.3~915.2 dyne
sec/cm®) and mean pulmonary arterial pressure (PPA, 25.0~45.0 mmHg) were observed in these pts.
The patients with ASD showed a normal value of RVEF. Among 29 pts of MS with or without AR,
18 pts had a positive T1-201 RV myocardial imaging, in which 15 pts (83%) showed a diminished
RVEF. In contrast, six of 11 pts (55%) with a negative RV image showed a normal RVEF. Following
surgical relief in 12 pts with MS, both RVEF and LVEF were improved (RVEF; 36.3 — 42.0% and
LVEF; 49.1 — 53.2%, respectively) in accordance with hemodynamic improvement (TPVR; 587.5
— 415.7 dyne sec/cm® and PPa; 31.8 — 20.8 mmHg, respectively). Thirty-four pts with inferior wall
myocardial infarction had a diminished RVEF (39.4%) compared with another 14 pts with CAD.
These data showed that RVEF was decreased not only in pts with disturbance of contraction of the
RV but in pts with an increment of RV afterload.

The mean value of LVEF in nine pts with AR was decreased three weeks after aortic valve replace-
ment (from 54.09% to 44.19%). This might be due to the persistence of the enlarged L'V at this period.

The RF obtained by multiple-gated equilibrium scintigraphy correlated well with that calculated
by invasive means (r=0.908). The RF reflected well the angiographic severity of AR. All pts with the
RF more than 1.0 had a severe regurgitation documented by aortography (grade 3 or 4). The RF was
reduced into normal range after valve replacement except one complicating a paravalvular leakage.
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Table 1. Materials

Diagnosis No. of cases
Normal 22
PMD (CCM) 10
CAD I-MI (—) 14

I-MI (+) 34
VHD MS 25
MS+AR 10
Chronic AR 15
Acute AR 7
ASR 5
MR 4
ASD 8
PH 6
Total 160

PMD (CCM)=congestive cardiomyopathy; CAD=
coronary artery disease; I-MI=inferior myocardial
infarction; VHD=valvular heart disease; MS=
mitral stenosis; MS+AR=mitral stenosis and aortic
regurgitation; AR=aortic regurgitation; ASR=aortic
stenosis and regurgitation; MR =mitral regurgitation,
ASD=atrial septal defect; PH=pulmonary hyper-
tension without primary cardiac disease.
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Table 2. Left and right ventricular ejection
fractions with multiple-gated equili-
brium scintigraphy in each disease

Mean+SD

Diagnosis LVEF (%) RVEF (%)
Normal 63.0+7.6 49.0+7.1
PMD (CCM) 34.4+13.3* 24.2+9.1*

CAD I-MI (-) 53.7+10.9** 46.4+6.4
I-MI (+) 50.6+17.0** 39.4+12.1**

VHD MS 48.8+9.2* 35.3+6.7*
MS+AR 59.2+8.7 37.1+£5.7*
Chronic AR 59.5+8.9 45.5+9.2
Acute AR 54.0+8.1*%** 38.4+11.2**

ASR 63.6+12.5 45.6+£10.6

MR 60.8+4.9 37.84+11.9%*
ASD 56.5+11.5 43.6+6.1
PH 62.1+10.1 27.9+8.7*

LVEF=left ventricular ejection fraction; RVEF=
right ventricular ejection fraction; PMD (CCM)=
congestive cardiomyopathy; CAD=coronary artery
disease; I-MI=inferior myocardial infarction; VHD
=valvular heart disease; MS=mitral stenosis; MS+
AR =mitral stenosis and aortic regurgitation; AR=
aortic regurgitation; ASR=aortic stenosis and re-
gurgitation; MR =mitral regurgitation; ASD =atrial
septal defect; PH=pulmonary hypertension without
primary cardiac disease.

*: p<0.001; **: p<0.01; ***: p<0.05 vs normal
subjects.
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Fig. 1. Percentages of cases with abnormally low right ventricular ejection fraction (less
than 39%) in each disease.

CCM=congestive cardiomyopathy; CAD=coronary artery disease; I-MI=inferior myocardial
infarction; MS=mitral stenosis; MS+AR=mitral stenosis and aortic regurgitation; AR=aortic
regurgitation; ASR=aortic stenosis and regurgitation; ASD=atrial septal defect; PH=pulmonary
hypertension without primary cardiac disease.

Table 3. Hemodynamic characteristics of the right heart in 10 normal subjects and 55

patients
Diagnosis No-f  mr €I quigs RVSVI RVEDP RSP Pm TPVR  RVSWI
gn cases (I/min/m?) (ml/beat/m?) (mmHg) (mmHg) (mmHg) ‘@Y sec/cm®) gt?;a t/m?)
Normal 10 68.4 3.29 57.4 4.17 24.7 12.1 191.9 9.78
+18.4 +1.38 +21.5 +2.43 +5.4 +3.2 +41.9 +4.91
MS 17 72.8 3.00 41.9 6.71 47.2 32.2 586.7 18.79
+11.9 +0.44 +7.4* 2. 11%% 11 8%** £ 8 kR 184 2k 45 5okkx
MS+AR 7 67.7 3.08 47.5 6.14 40.1 25.0 454.8 15.93
+14.8 +0.54 +7.3 +1.73 £9.8¥** 5 9FKk 141, THR¥* 43 J2rkkE
Chronic 1 70.8  4.20 58.4 5.22 26.6 14.8 197.0 11.67
AR +11.0 +0.88 +14.1 +3.05 +7.1 +3.7 +86.0 +3.62
Acute AR 6 75.7 3.52 51.0 7.00 43.2 28.3 407.3 18.89
+13.7 +0.66 +11.7 +3.27 +18.5%%  +£14.5%* +222.5%* 47 77*
ASD 8 70.1 3.08 2.55 114.8 5.69 30.4 15.9 113.7 22.88
+13.3 +0.75 +0.49 +29.7*** +2.49 +6.7 4. 3FFFF 124 5**x 47 66%**
PH 6 76.5 2.82 38.2 10.83 70.7 45.0 915.2 22.23
+13.8 +1.18 +10.0 £2.41%4% £14 . 8%%*% 411.3%** £366.9%** 3, 82%**

HR=heart rate; CI=cardiac index; Qp/Qs=shunt ratio; RVSVI=right ventricular stroke volume index; RVEDP
=right ventricular end-diastolic pressure; RVSP=right ventricular systolic pressure; PPA=mean pulmonary
arterial pressure; TPVR=total pulmonary vascular resistance; RVSWI=right ventricular stroke work index;
MS=mitral stenosis; MS+ AR=mitral stenosis and aortic regurgitation; AR=aortic regurgitation; ASD =atrial
septal defect; PH=pulmonary hypertension without primary cardiac disease.

*: p<0.02; **: p<0.01; ***: p<0.001; ****: p<0.05 vs normal subjects.
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Fig. 2. Comparison of right ventricular ejec-
tion fraction in 29 patients of MS or MS+AR
with and without right ventricular visualization
in the T1-201 myocardial scintigram.

MS=mitral stenosis; MS-+AR=mitral stenosis
and aortic regurgitation; RVEF=right ventricular
ejection fraction; RV-V=right ventricular visualiza-
tion. The shaded area indicates the normal range of
right ventricular ejection fraction.
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Fig. 3. Changes of left and right ventricular ejection fraction in 12 cases with MS following
mitral valvular surgery.
MS=mitral stenosis; Pre-OP.=pre-operation; Post-OP.=post-operation.

PPA (mmHg) RVSWI (g m/m2) TPVR (dyne sec/cmS5)
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Pre-OP. Post-OP. Pre-OP. Post-OP. Pre-OP. Post-OP.

Fig. 4. Improvements in right ventricular hemodynamics in 5 cases with MS following
mitral valve surgery.

MS =mitral stenosis; PPA=mean pulmonary arterial pressure; RVSWI=right ventricular stroke
work index; TPVR=total pulmonary vascular resistance; Pre-OP.=pre-operation; Post-OP.=
post-operation.
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Fig. 5. Changes of left and right ventricular ejection fractions in 9 cases of AR following

aortic valve replacement.

Acute AR =aortic regurgitation due to bacterial endocarditis or dissection of the aorta within 3 months
after the onset; Chronic AR=aortic regurgitation due to rheumatic valvular disease; Pre-OP.=pre-

operation; Post-OP.=post-operation.
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Fig. 6. Regurgitant fraction in normal sub-
jects, CAD and VHD.

CAD=coronary artery disease; VHD Reg (—)=
valvular heart disease without regurgitation; VHD
Reg (+)=valvular heart disease with regurgitation;
RF (RI)=regurgitant fraction by multiple-gated
equilibrium scintigraphy.

*: p<0.02 vs normal subjects; **: p<0.001 vs
normal subjects.
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Fig. 7. Correlations between RF (RI) and RF
(Cath).

RF (RI)=regurgitant fraction by multiple-gated
equilibrium scintigraphy; RF (Cath)=regurgitant
fraction by catheterization.
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Fig. 8. Correlations between RF (RI) and angio-
graphic grading of aortic regurgitation by as-
cending aortography.

RF (RI)=regurgitant fraction by multiple-gated
equilibrium scintigraphy.
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Fig. 9. Changes of RF (RI) in VHD with re-
gurgitation of the left ventricle following valve
replacement.

RF (RI)=regurgitant fraction by multiple-gated
equilibrium scintigraphy; AR=aortic regurgitation;
ASR leakage (4 )=aortic stenosis and regurgitation
with paravalvular leak following aortic valve replace-
ment; MS+AR=mitral stenosis and aortic regurgita-
tion; MR =mitral regurgitation; Pre-OP.=pre-opera-
tion; Post-OP.=Post-operation.
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