Clinical Studies on Myocardial Damage in
Hypertrophic Cardiomyopathy using Exercise
Testing with Thallium-201 Myocardial
Scintigraphy
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Abbreviations: Ap. Ant., apicoanterior wall; CFP, circumferential profiles ; HCM,
hypertrophic cardiomyopathy ; IVS, interventricular septum hypertrophy ; IVS-Ap. Ant.,
interventricular septum and apicoanterior wall hypertrophy ; T1-201, thallium-201; UT,
initial uptake ; Whole-W, whole wall-nonspecific hypertrophy ; WR, washout rate.
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Fig.1. Representation of the simultaneous biventricular and left ventricular cineangio-

grams.

Abbreviations: IVS, thickness of interventricular septum ; PW, thickness of left ventri-
cular posterior wall ; LVant., thickness of left ventricular anterior wall ; LVap., thickness
of left ventricular apical wall; A-B, septal length; LV, left ventricle; RV, right

ventricle ; PML, posterior mitral leaflet.
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Fig. 2. Classification of the disproportional hypertrophy in end-diastolic configura-

tion.

Abbreviations: IVS Type, type of interventricular septal hypertrophy ; IVS-Ap.
Ant. Type, type of interventricular septal and apicoanterior hypertrophy ; Ap. Ant.
Type, type of apicoanterior hypertrophy; Whole-W Type, type of nonspecific
hypertrophy ; BVG, biventriculogram ; LVG, left ventriculogram.
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Fig.3. Schematic protocol of multistage exercise testing with thallium-201 myocardial
scintigraphy using bicycle ergometer.
Abbreviations: T1-201, thallium-201; i. v., intravenous injection; 1’....10°, 1
minute. .. .10 minutes; B. P. %, measurement of blood pressure ; ECG *, electrocardio-
graphic recording ; hr, hour.
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Fig.4. A case representing computerprocessed early and delayed images and the circumfer-
ential profile-curves for the early and delayed uptakes and calculated washout rate.
Abbreviations: LAO60, left anterior oblique 60 degree-image analysis; ANT., anterior
image analysis.
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Table 1. Left ventriculographic and biventriculographic data in 4 HCM-groups and control group
No. of S Wall thickness IVS  Ap. Ant.
Group 0 of Sex  Ase P-ATLEp EDP CI
cases M/F (yrs) IVST PWT Ap. Ant.T /FPW /PW
WA 7 4/3 42 22.3%%% 10.2* 9.2% 2.3%* 0.9 73 18%  2.6%*
16 25 1.8 1.0 0.5 0.1 10 6 0.3
IVS- 6 6/0 57  20.TXX% 12.2%%* 21.0%%%  1.7%** 1.8%** 72 17 2.7*
Ap. Ant. 8 25 1.9 3.0 0.2 04 6 7 0.3
Ap. Ant. 7 7/0 56 13.5%** 11.8%** 21.8%%% 1.1 1.8%** 78 15 2.8*
9 23 1.0 3.4 0.1 0.3 4 2 0.5
Whole-W 8 /1 48 12.6%** 11.1%** 10.8*** 1.1 1.0 78 16 2.6%
12 1.3 1.0 1.2 0.1 0.1 4 7 0.7
Control 10 5/5 45 8.8 8.4 8.0 1.1 1.0 75 12 3.6
10 08 0.8 0.7 0.1 0.1 5 5 0.7

Abbreviations :

posterior wall;
posterior wall thickness ratio; Ap.
ratio; EF, left ventricular
(mmHg); CI, cardiac index (I/min/sm).

Values are mean=£SD. Statistical differences between control and other groups:

0.01; *** p< 0.001.

others: 2, p<0.05; 24, p<0.01; 2444, p<0.001.

IVS, interventricular septum hypertrophy group;
and apicoanterior wall hypertrophy group; Ap. Ant.,
whole wall-nonspecific hypertrophy group; Control, control group; M, male;
end-diastolic wall thickness (mm); IVST, thickness of interventricular septum;
Ap. Ant. T, thickness of apical and/or anterior wall

IVS-Ap. Ant., interventricular septum
apicoanterior wall hypertrophy group; Whole-W,
F, female; Wall thickness,
PWT, thickness of
; IVS/PW, interventricular septal to

Ant./PW, apical and/or anterior to posterior wall thickness
ejection fraction (%); EDP, left

ventricular end-diastolic pressure

¥ p<0.05; ** p<

Statistical difference between thickness of posterior wall and that of the
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Table 2. Segmental values of thallium-201 initial uptake and washout rate on LAO 80 degree-image

analysis
Post. Lat. Ap. Ant. Sept.
Group Case Age/sex mean value (%) mean value (%) mean value (%)
UT WR uT WR UT WR
Vs 855 7 50+ 7 87+ 9 4T+ 9 82+ 9 42+ g
1 DT 36 M 89+ 6 49+ 3 92+ 4 41+ 2 87+ 6 36+ 6A
2 TD 37 M 87T+ 7 56+ 2 95+ 2 52+ 2 88+ 5 45+ 3
3 0y 15 F 84+ 8 52+ 2 85+ 4 49+ 3 80+ 3 41+ 3
4 SM 63 M 84+ 4 50+ 4 86110 48+ 7 78+ 7 43+ 5
5 KK 49 F 79+ 5 48+ 5 88+ 9 45+ 3 M7 45+ 2
6 KM 54 F 86+ 4 58+ 3 81413 62+ 3 2+ 7 53+ 5
7 FK 37 M 88% 8 37+ 3A 86+ 3 344+ 44 90+ 7 30+ S5A
VS B4£ 6 3917 84+ 9 3T+ 9  Glx 4 33+ 7
Ap. Ant. 8 YK 56 M 84+ 3 40+ 4 95+ 3 38+ 1 94+ 4 31+ 3A
9 KY 59 M 84+ 8 37+ 3A 92+ 2 26+ 5A 88+ 4 27+ 3A
10 HK 60 M 89+ 6 494+ 2 88+ 4 52+ 3 89+ 3 46+ 5
11 MH 65 M 80% 2 30+ 3A 81% 4 32+ 3A 92+ 4 35+ 3A
12 YT 42 M 84+ 6 40+ 6 724+ 5A 41+ 6 92+ 4 30+ 6A
13 HM 57 M 81+ 4 35+ SA 77+ 3A 32+ 4A 92+ 5 31+ 5A
Ap. Ant. 85+10 45411 82+ 9 4011 88+ 7 43+ 9
14 SS 61 M 93+ 5 48+ 5 87+ 3 43+ 2 83+ 4 44+ 3
15 Al 60 M 82+ 9 35+13A 67+12A 26+13A 93+ 5 32+ 4A
16 TM 51 M 87+l11 49+ 5 88+ 5 44+ 2 81+ 3 45+ 5
17 TH 59 M 87+ 7 45+ 4 87+ 4 38+ 3 87+ 4 34+ 5A
18 YT 39 M 71+ 3 32+ 44 80+ 6 29+ 7TA 89% 8 41+ 3
19 AT 64 M 93+ 4 46+ 4 81+ 4 41+ 2 92+ 4 41+ 5
20 YS 60 M 179+ 5 60+ 1 83+ 5 56+ 3 90+ 7 594+ 3
Whole-W 8010 47+ 7 88+ 7 44+ 6 88+ 8 45+ 7
21 KT 55 M 179+ 5 45+ 5 82+ 3 424+ 3 87+ 9 48+ 3
22 KY 43 M 82+ 5 49+ 3 91+ 6 44+ 5 90+ 8 46+ 4
23 SH 60 M 84+ 7 50+ 3 88+ 3 51+ 2 90=% 5 50£ 2
24 TS 24 M 81+ 5 50+ 3 94+ 6 47+ 3 81+ 5 51+ 3
25 EY 54 M 94+ 6 53+ 3 914+ 3 51+ 3 92+ 5 50+ 3
26 ST 48 M 79+ 6 35+ 9A 85+ 6 37+ 5 91+ 4 39+ 5
27 IT 37 F 76+ 8 50+ 4 86+ 8 42+ 3 94+ 4 43+ 4
28 MY 59 M 66+15A 42+ 4 89+ 8 39+ 3 8011 34+ 6A
Control 84+ 9 53+ 7 90+ 6 52+ 8 84+10 51+ 7

Abbreviations: M, male; F, female; U’I:, initial uptake ; WR, washout rate; Post. Lat., posterolateral
segment ; Ap., apical segment; Ant. Sept., anteroseptal segment; A, the segmental value falling below

segmental mean value-2 SD of control group.

Values are mean=+SD.
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Fig.5. (A) Initial circumferential profiles representing the mean curves in 4 HCM-groups and control group
from LAO 60 degree-view. (B) Washout rate profiles representing the mean curves in 4 HCM-groups and
control group from the same view. In upper panels, red curves showing IVS-Ap. Ant. group, green curves
showing IVS group and blue curves showing control group. In lower panels, red curves showing Ap. Ant.
group, green curves showing Whole-W group and blue curves showing control group.

Abbreviations: P-L, posterolateral segment ; Ap, apical segment ; A-S, anteroseptal segment ; LAO60, left
anterior oblique 60 degree-image analysis.



334 i+ B

Fig. 6. (A) Initial circumferential profiles representing the mean curves in 4 HCM-groups and control group
from anterior view. (B) Washout rate profiles representing the mean curves in 4 HCM-groups and control
group from the same view. In upper panels, red curves showing IVS-Ap. Ant. group, green curves showing
IVS group and blue curves showing control group. In lower panels, red curves showing Ap. Ant. group.
green curves showing Whole-W group and blue curves showing control group.

Abbreviations: A-L, anterolateral segment; Ap, apical segment; I-S, inferoseptal segment; ANT,
anterior image analysis.
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Table 3. Segmental values of thallium-201 initial uptake and washout rate on anterior image

analysis
Ant. Lat. Ap. Inf. Sept.
Group Case Age/sex mean value (%) mean value (%) mean value (%)
uT WR uT WR UuT WR
IVS 88+ 7 46 7 81110 48+ 9 84+ 8 46411
1 DT 36 M 93x 4 40+ 4 85+ T 47+ 3 88+ 4 41 2
2 TD 31 M 87T+ 6 AT+ 7 T4+ 6A 51+ 4 76+ 3A 47% 3
3 0Y 15 F 80t 4A 44+ 3 66+ S5A 43+ 5 86+ 8 48+ 5
4 SM 83 M 90+ 7 49+ 3 89+ 2 54+ 3 87+ 4 59+ 3
5 KK 49 F 87+ 4 4T+ 4 88+ 4 4T+ 2 85+ 6 41+ 4
6 KM 54 F 93+ 3 57+ 3 2+ 4 61+ 1 92+ 5 60+ 1
7 TFK 37 M 8T+ 7 38+ 6 T4+ TA 34+ 6A 71+ 24 27T+ 5A
IVS- 89+ 7 32+10 86+ 9 35+ 9 87+ 8 36% 9
Ap. Ant. 8 YK 58 M 88+ 3 31+ 4A 96+ 5 41+ 34 87+ 5 24+ 6A
9 KY 59 M 88&%10 33+ 3A 89 3 34+ 3A 93x 5 43+ 4
10 HK 60 M 837 49+ 2 70+ 54 48+% 3 76+ 4A 47T+ 6
11 MH 65 M 937 34+ SA 82% 4 30+ 4A 87+ 3 36+ 3A
12 YT 42 M 83+ 84 25+ 6A 86t 3 30+ 6A 87+ 6 31+ 9A
13 HM 57 M 92+ 3 22+ 3A 92+ 3 26+ 3A 93+ 4 35+ 44
Ap. Ant. 90+ 6 46+ 9 88+ 6 42+11 87+ 8 46+ 9
14 SS 61 M 90+ 6 46+ 5 96+ 2 43+ 3 88+ 6 6% 2
15 Al 60 M 88% 6 36+ 8A 83% 4 29+ 6A 89t 5 41+ 3
16 ™ 51 M 85+ 4 47+ 3 80+ 4 43+ 7 93+ 5 54+ 2
17 TH 59 M 96+ 3 39+ 5 87+ 3 35+ 2A 89+ 4 36+ 3A
18 YT 39 M 87+ 3 40+ 5 93+ 2 34+ 4A 96x% 2 35+ 5A
19 AT 64 M 92+ 4 49+ 2 88+ 6 504 3 77+ 54 47 3
20 YS 60 M 91+ 6 62+ 2 89+ 3 59+ 2 80+ 4 61+ 2
Whole-W 91+ 5 48+ 8 86+ 6 49+ 7 84+ 7 48+ 7
21 KT 55 M 91+ 3 41+ 3 93+ 3 44+ 3 86+ 5 47+ 3
22 KY 43 M 8=%7T 54+ 3 78+ 3 49+ 3 71+ 8A 50% 3
23 SH 60 M 89% 6 52+ 4 89+ 5 53+ 2 80+ 4 53+ 5
24 TS 24 M 92+ 3 57+ 3 92+ 6 54+ 4 85+ 6 52+ 3
25 EY 54 M 94+ 3 55+ 4 87+ 2 54+ 2 85+ 4 52+ 3
26 ST 48 M 907 39+ 3 82+ 4 40+ 3A 82+ 3 46+ 6
27 IT 37 F 89+ 3 44+ 3 81+ 3 54+ 4 914 2 46+ 4
28 MY 59 M 91%£5 45+ 4 84+ 4 4+ 7 87T+ 5 38+ 4A
Control 91+ 4 53+ 8 89+ 6 564 7 88+ § 544+ 7

Abbreviations : M, male; F, female; UT, initial uptake ; WR, washout rate;Ant. Lat., anterolateral
segment ; Ap., apical segment; Inf. Sept., inferoseptal segment; A, the segmental value falling below

segmental mean value-2 SD of control group.

Values are mean=£SD.
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Fig. 7. The segmental values of initial uptake and washout rate in 4 HCM-groups compared
with those in control group on LAO 60 degree-image analysis. The vertical bars showing
mean value®SD of each HCM-segment and the ¥r3¢ regions showing mean value+SD of

each control segment.
Abbreviations: PL, posterolateral segment

; Ap, apical segment; AS, anteroseptal

segment ; *, p<0.05 compared between HCM-segment and control segment ; ***, p<0.001
compared between HCM-segment and control segment ; AAA, p<0.001 compared within

the same group.
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Fig.8. The segmental values of initial uptake and washout rate in 4 HCM-groups compared

with those in control group on anterior image analysis. The vertical bars showing mean
value+SD of each HCM-segment and the v ¥ regions showing mean value+SD of each
control segment.
Abbreviations: AL, anterolateral segment; Ap, apical segment; IS, inferoseptal
segment ; *, p<0.05 compared between HCM-segment and control segment ; **, p<0.01
compared between HCM-segment and control segment ; ***, p<0.001 compared between
HCM-segment and control segment ; A, p<0.05 compared within the same group.

Table 4. Scintigraphic pattern of patients with decreased initial uptake and/or
washout rate in 4 HCM-groups

. Group Total
Scintigraphic Vs ota
Vv . Ant. Whole-W
pattern Vs Ap. Ant. Ap. An ole
D/T (%) D/T (%) D/T (%) D/T (% D/T (%)
UT , WR 40/7  (57) 69/6 (100) 49/7 (57) 39/8 (38) 179/28 (61)

-, 2/T (29 5/6 (83) 3/T (43) 2/8 (25) 12/28 (43)
L 2/7T (29 2/6 (33) 1/7 (14) 2/8 (25) 7/28 (25)
ol /7 (4 2/6 (33 /7 (14 0/8 (0) 4/28 (14)

Abbreviations : D, number of patients with decreased initial uptake and/or washout
rate; T, total number of patients of each group; UT, initial uptake; WR, washout
rate; —, within normal limits; |, below segmental mean value-2 SD of control
group ; 5, total number of patients with decreased initial uptake and/or washout rate of

each group.
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B 2T A(FRIEER, (2) Yamaguchi 597
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LATEEIRER, QZOTMEEOSH TH 2 PR —0R
RTEEARE R, WECEE, JENFERRIERED % WIE
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EHFIICEENEC L 2RHEZMEL T 39
25, EARZLLSHES T, 29 B 16§ 55% 1 T1-201
ERET 23D, 20 1R IBEHME X U Z ik

LB TH -7, Pitcher 5294 R RALLEE T
RIEEERGL I —B L T T1-201 ORIBERERESH 2, &
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W EHEELTWS, TI201 LB 52757 4 —0
HEHER, RO ERICHED SN D LD Ry
LEHEXEOBAIHELESTHY, HEEROA
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REBTHY, ZRTITIERL, LrbEFROREHL
TR I A I <, TUE L Fo BB I A E I B ¢
S & 3 7z 05, RIBBROEBM 2HEIZ LT
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Table 5. Scintigraphic pattern of segments with decreased initial uptake and/or washout
rate in 4 HCM-groups on LAO 60 degree-image analysis

Scintigraphic Group
pattern VS VS Ap Ant.  WhaleW Totel
Ap. Ant. p. Ant. ole-

UT , WR Ds/Ts Ds/Ts Ds/Ts Ds/Ts Ds/Ts
-, 3/4 7/10 3/5 0/2 13/21
L, - 0/0 1/ 1 0/0 0/1 1/ 2
el 0/0 /1 11 0/0 2/ 2
Total 3/4 9/12 4/6 0/3 16/25

(%) 75 75 67 0 64

Abbreviations : Ds, number of disproportionally hypertrophic segments with decreased
initial uptake and/or washout rate; Ts, total number of segments with decreased initial
uptake and/or washout rate. Others refer to Table 4.

Table 6. Scintigraphic pattern of the posterolateral segment in HCM-group on LAO 60
degree-image analysis

UT/WR -/ ~/1 L/ o~
No. of % . 1 .
segments
mean
value£SD 85:+8/50+6 81£8/34+7

Abbreviations : Refer to Table 4.
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Fig.9. Diagrammatic representation of the relationship between initial circumferential and
washout rate profiles. (A) Initial circumferential profiles decreasing, but washout rate
profiles within normal limits. (B) Initial circumferential and washout rate profiles
decreasing. (C) Initial circumferential profiles within normal limits, but washout rate

profiles decreasing,.

Abbreviations: E, initial circumferential profiles (early curve); D, delayed circumferen-
tial profiles (delayed curve); W, washout rate profiles (washout rate curve).
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Abstract

The present study was attempted clinically to clarify the pathogenesis of disproportional
hypertrophy in terms of the disturbance of coronary microcirculation. Twenty-eight patients
with hypertrophic cardiomyopathy (HCM) associated with normal coronary angiogram were
categorized into four groups according to the distribution of disproportional hypertrophy in the
left ventriculography and biventriculography: Interventricular septum hypertrophy (IVS) group,
IVS and apico-anterior wall hypertrophy (IVS-Ap. Ant.) group, Ap.-Ant. group, and whole wall-
nonspecific hypertrophy (Whole-W) group. The HCM-patients and 10 control patients participat-
ed in exercise testing with myocardial scintigraphy. The circumferential profiles based on the
scintigram were analyzed with reference to the relationship between washout rate and dispropor-
tional hypertrophy. As compared with the control group, the mean values of initial uptake in
the four HCM-groups decreased in the apical segments and the lower part of anteroseptal seg-
ments which were reflected disproportional hypertrophy. The mean values increased signifi-
cantly in the upper part of anteroseptal segments which projected the largest amount of myo-
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cardium three-dimensionally. The mean values of washout rate in the four HCM-groups de-
creased significantly in all segments, especially in the segments which were reflected in dis-
proportional hypertrophy, and also decreased equally in the segments with the increased initial
uptake. In comparison between the segmental values in each HCM-patient and those in the
control group, the initial uptake and/or washout rate decreased below the mean value-2SD of the
control group in the profiles of 17 out of 28 HCM-patients. The segments with decreased wash-
out rate and normal limit of initial uptake were observed in 12 out of 17 patients. In 25 seg-
ments out of the total segments in HCM-patients, an initial uptake and/or washout rate fell down
below the normal limit. The washout rate decreased, the initial uptake remained normal in 21
out of 25 segments, and 16 out of 21 segments were reflected in disproportionally hypertrophic
wall. In the posterolateral segment which is the thinnest wall in the left ventricular wall of HCM,
the mean value of washout rate significantly decreased in 20 patients with normal limit of initial
uptake, as compared with the control group. Therefore, the decreased washout rate without the
decreased initial uptake could not be explained only as a pseudophenomenon which is due to
the pseudo-normal initial uptake caused by the increased amount of myocardium in the hyper-
trophic region. These results indicate that the decrease in washout rate around the dispropor-
tionally hypertrophic wall is characteristic of HCM. It is suggested that the decreased washout
rate with the decreased initial uptake is caused by the disturbance of coronary microcirculation,
and the decreased washout rate without the decreased initial uptake is caused by not only the
disturbance of coronary microcirculation, but also by the metabolic disturbance of myocardial
cells, In conclusion, both disturbances are closely related to the pathogenesis of disproportional
hypertrophy.



