A Study of Preclinical Myocardial Damage in
Diabetes Mellitus: Special Evaluation using
Exercise Thallium-201 Myocardial Scintigraphy
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Key words diabetic cardiomyopathy, exercise T1-201 scintigraphy, perfusion
defect, washout rate, coronary microcirculation
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Abbreviations : CFP, circumferential porfile ; CV, coefficient of variation of heart rate;
EDP, end-diastolic pressure ; EDVI, end-diastolic volume index ; ET, ejection time; PEP,
pre-ejection period ; STIs, systolic time intervals; T1-201, thallium-201; WR, washout rate.
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AT 20 UEEREBE L, B BEREMBIE, LY
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Ti-201 Early ‘Delayad
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ECG * * * * * dx w &

Fig. 1. Protocol of exercise T1-201 scintigraphy by
bicycle ergometer. Marks of * denote the points
at which BP and ECG were measured. T1-201,
thallium-201; Sub Max. Exercise, submaximal
exercise; BP, blood pressure; ECG, electro-
cardiogram.
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Fig.2. Diagrams and an example of circumferential profile analysis. The diagrams
showed methods of the analysis(A) and segments of the myocardial scintigram divided into
three parts(B). The figure(C) showed an example of the analysis. ANT, anterior view ;
LAO 60°, left anterior oblique 60° view ; E, early curve; D, delayed curve ; WR, washout

rate curve.
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T ILRTEIERER, (LRET, TR 3 fH, LAO 6078
wBOTIITHRESR, LR, fsEFREo 35
KL, ZORIEA DT HREE SRR L KIEY
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Fah, ETBRICIZZhZhO profile HifR & WR i
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BIEBELZDRERA T L2ED WR OFHERS
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KB 35 ) T AOREETHET 220z, LEY
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DfEO R-REREREL, &K, /B L UFHR-R
MR E 5 2 ZEBRE (coefficient of variation, CV)
RPEHLUL, 27, B OWRE - EREREF (588
CENEORR, MREFEVIET) OREREE, %
hZ# n-CV (coefficient of variation on normal
breathing), d-CV (on deep breathing) & L7z,

4) BIAIREE
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&5, “EEMOMEE @R OWTE, TR
PEHLEEERERTo L. %, ERE p<0.05
BEELHE L, BEIORTRER, FHELEE
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1. BELEYYF7 I 7 4 —DEEHEICL B
&
1) LAY Y F Eo#ERKIE
AFOERSRYET, BIIEEDO&FO R IERE
B 61 RiIzB T, AROLEY 5 E204(32.8%)
CHERIEERD I, 2D b early 1], delayed O
M /RE (BEEERKIE, fixed defect) 258
DD 5LTHY, AFERD early RO &I K]
(stress-induced defect) #BHD X 5HTH-
7z,

Table 1. Score of diabetic complication

Retinopathy
Scott¥
0 0
1 I~1I
2 I or photocoagulation
3 2Iv or blindness
Nephropathy
Proteinuria Renal function
0 (=) (normal)
1 (+~4#) or (mild dysfunction)
2 (+~+4) and (mild dysfunction)
3 (23g/day) or (renal failure)
Neuropathy
Symptom Reflex, Vibration, NCV
0 (—) (normal)
1 (+) or/and (mild decrease)
2 (+) and  (severe decrease)

Autonomic neuropathy

(orthostatic hypotension, neurogenic bladder,
impotence, etc.)

0 (-)
1 (+)
1, classification of retinopathy by Scott. NCV,

conduction velocity of motor & sensory periphe-
ral nerves.
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2) BB (2)

BEHEL, Ly > F It BEL RO -BERE (20
B) CEEME 118) OTWERCIEER ST,
mofe, BRFEBERTE, BMEHS0.626.4 4,
MRS 8,345 8 ETH 0, M ICEEE 2wt
2oleds, BAEH 10 EL EOERIZRMERD 15 4]

(38%) WL, BMBETIX 134 (65%) L EEICE
FETH o (p<0.05), 27, SEHERBICOWT
W, BBIERE2.722.0, BBMEEE2.321.9 L BMERLE L
ﬁ@%ﬁbt.it,%ﬁﬁm@%&oﬁ@swul
b2, 51T AU EOPIH 20 803 (15%)
IZEED & 1L, RS THER 2 7 OB 253 fiss,
BUHRCIEAERCERECH - (p<0.05). 25
m%ﬁtﬁﬁ%%?ﬁ,%ﬁﬁmﬁmf%y1Uy%
R E TR OBERRER B ORI RS , T % e
3 EBURCENERCERETH 57 (p<0.05),
Lo, OHRRLL, MFE, IBHE, mERaL 27 o—

VB, EEBOEES LV 7)) a~E oLy
(HbAlc) D&z 13, MBI TELRD Bd 57z,
2 . FEBMM SRR AR
1) DEEFOREGEER (£3)

GHEELE, DER ERIAHE £ 723 OB EEEE
BHZS SOERAN LA 54E (BHERBEITE, B
TR DWTHREI LT, ZDFE, ETc iz, 53
HOWEL b, ERE L RS TH - 7255, PEPc I3
B 151421 msec, a8 142+ 17 msec ThH Y, FEfE

(13517 msec) WHL E B ICERL, BUERTEE
T Hof (p<0.01). & 51z, ET/PEP % B
2.23+0.56, &R 2.4340.55 &, PEPc BIRRIEEE

(2.690.54) WL L HEIETL Tz (p<0.01 5
LU p<0.05), LinL, STIs D&M IE, BB, &
HOMBEMICEEE 2R D w72,

2) BEMRBEREORNESR (R4, K3)

LHES L VERBKEEDO R-R BBOLTEEH (o

Table 2. Clinical findings of diabetics positive or negative in T1-201 scintigraphy

Positive cases

Negative cases

No. of case
Sex (male/female)
Age (yr)

Duration of diabetes (yr)
210 years

Score of complication

Score 0
1~3
4~6
7=
Treatment
Insulin
Drug
Dietary
CTR (%)

Ratio of obesity (%)

Blood pressure
Systolic (mmHg)
Diastolic (mmHg)

T. Cholesterol (mg/dl)
FBS (mg/dl)
Hb Ale (%)

20 41

15/5 23/18
47.1£12.0 44.5+11.5
9.6x16.4 8.3%5.8
n=13 (65%)* n=15 (38%)
2.7£2.0 2.3%1.9
n= 0 (0%) n= 6 (15%)
14 (70%) 24 (58%)
3 (15%) 11 (27%)
3 (15%)* 0 (0%)

n=10 (50%)] .

n =16 (39%)

9 (45%) 10 (24%)

1 (5%) 15 (37%)
47.214.7 44.8t4.6
104%14 10015
119%17 12014
7010 72+11
205%49 199£55
15850 144%43
8.3% 2.4 8.0x£2.3

Drug, oral hypoglycemic agents; Ratio of obesity(%)=(body weight/standard body weight) X 100,
standard body weight(kg) = (height —100) X 0.9 ; CTR, cardiothoracic ratio; FBS, fasting blood
sugar ; Hb Alc, glycohemoglobin. Values indicate mean-+SD.

negative cases by p<0.05.

*, statistically different from the
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CV B & U d-CV) ik, EENEEE (184, 18~72
%) TIREMEOMIzZEh TN r=-0.76 (p<0.001)
BXUr=-0.77 (p<0.001, B 3A) D& & DFEM
FEHT-DOENL, RE2ITOELERBES (N&
0350414 CRERELOMEEROMEMEED
¥, ZDIF LA SBEOERER L 0 T A IR
Lt g/, BREMESHEOBESEME L CV i
NE L, BHHERS E nCV, d-CV L O, 20
zhr=-0.52 (p<0.001), r=-0.58(p<0.001,
3B) DEELZAOHBERD . Lo, HRFEER
EH oM IFEEOHEMBRIE L <, & 5B,
ORI RREBOEEFRECEEES
AblzhoT,

3. EmMAIRERE (£5)

1) ERERRUA#

BIMRE 2 BT L EGNS, BHEEIR (26~67
%), BN 134 (23~585%) TH D, FHERICIZ
EEEERORP o (5114 BN 4611 58). 7,
PR SRR TR A0S 10 LA L DIEGIHS <,
BTREP4 R Y VEERE B OERFE L2

Table 3. Mechanocardiographic measurements

BEEZUTE), R2OBRLZIFZ-HL TV,
Lo L, BfHEESICE, MEMTERRD B, o1,
2) EEIGER

BEIGERFTR T, B, BEHEO2HIzE
T, 3EHBHIIC S0%BLULOMEFRREBT L L0
BlavEoohuhrol, BHEECBLTIZ AT
50 B ED 4 B2 B THEK BXOTEEIRO ERE
2RADIOATHD, 7218 (FEHS) 12 50%ERE
DRAEFTR 2RO 1228, WEFMIGEFTTITERO 7
HThrMAKTH -/,

3) mATENE

mMAFSEORE BT, EZEBHE (EF) 1X 60%
UT%RTLOBUERTIE 9FT 4 5ITH 3 Dkt
L, etiETid 138 LBIAE T, 3 BiEEE (65t
11%) (ZBEERE (74£10%) WHLEBERETLTY
7z (p<0.01). EEIRFWEARELH (EDVD &, B
R (78124 ml/m?) IZEMRE (69123 ml/m?) 2k
LEARLTWE 00, BEEERED SN,
EEIREKE (EDP) 13, FHEE L TIIMEEEL S
ERBEN TS, £z, LIRS, FOREIRER,

Systolic time intervals

Case No. of BT p—
case c c
(msec) (msec) ET/PEP
Control 30 390128 135£17 2.69%0.54
Positive case 17 380+28 151 +21** 2.23%0.56**
Negative case 37 391+19 142117 2.43+0.55"

ETc, corrected ejection time ;

PEPc, corrected pre-ejection period; ET/PEP, ejectiontime/pre-ejec-

tion period. Values indicate mean+SD. Statisstical difference between control and other groups:

*, p<0.05; ** p<0.0L

Table 4. Regression data with reference to heart rate variation

Case X Y Regression equation r value p
Control Age n—CV Y=-0.10X+8.2 —0.76 <0.001
(n=18) d-Cv Y= -0.20X+17.0 ~0.77 <0.001

Diabetics Age n —CV Y=-0.002X+2.5 -0.02 NS

(n=41) d—Cv Y=-0.01X+5.2 ~0.05 NS
Score n —CV Y=-0.32X+3.2 ~0.52 <0.001
d -CV Y=-0.76X+6.6 —0.58 <0.001

Duration n —CV Y= 0.006X+2.3 0.03 NS

d —-CV Y=-0.10X+5.4 -0.21 NS

Score, score of diabetic complication; Duration, duration of diabetes; n--CV, coeflicient of variation
on normal breath; d—CV, coefficient of variation on deep breath ; NS, not significant.
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B bRZEOEETR LI,

4) BERCBI2AWTLHY v F 777 4 —FR
EEEEFFR ORI (F6)

ALY v FORBHETE, 9BF 6 L0 —@
HOBEHRIB (stress-induced defect) TH D, D
D 3473 fixed defect TH o7z, —F, EEEHHREL,
EUECILRETNER THo DT, Bt
BHTRIAFTRCEEHET 2RD, ZOFRTS
ZIIREREESHETTHY, 5 b 4PREATLEY >
¥ L stress-induced defect 232D ZEMTH D, =7
THIpthD 2 REBFEEOEEHET THD, Zho
FWhd fixed defect #F T AEMTH o7, &5
W, CFP AT IC L 2R T, BV RIBA 2 7 % early
B ET4H£c, WRHBETRSRIEED, EE
ERREEEMAEAD T TERMNCBWT, BFOLE
EREHETHME, AFWLHY Y FOBEHEDE
WMREELH 2 itk CFPEETIC L D EWXRIBRA a7
DBD NI & & < —FL T,

4 . CFP f#47iZ X % mean WR OREHER (£ 7)

CFPEM I VB o EZELEDO WR O FiE

(mean WR) i, WHE#BSEHEE T 51.846.5%,
LAOGORT50.4+6.1% ThHB DL, L >

d-CV (A)
(%)
200"
n= 18 (&)
N r=-0.77
P<0.001
4 A
o]
a A

aA8R A
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Fig.3. Coefficient of variation of heart rate on deep breath(d-CV).
between d-CV and age in control and diabetic groups.
control group was —0.77(p<0.001, n=18).
diabetic complication in the positive and negative cases.

in diabetics was —0.58(p<0.001, n=41).

FREMERE (18 48) DOIEMERS & F LAO 60°#%& D mean
WRIZ, ZNZF441.5£8.6%, 40.6+8.0% & nHiEE
CHLEELEMEERLZ (p<0.001). LaL, &Y
FE(354) Tid, 48.7+8.2% B LU 48.1£8.0% &1t
BHLAEEOELRLEL, £/, BEBLIBERD
HETHEBMHTERCEE 2R L (p<0.01), &
W2, OA T RHEITUREFID A D W» TEERICKREL
LHERTY, BHEEDO mean WRIZIEHBRIB VLT
43.9+8.4%, LAOGORIZB VLT 41.7+£7.2%T, &
MBI ENFTN49.727.8% B X U 48.8+7.0%Th
D, BRI R (p<0.05 8L U p<0.01) /-8
TR (22 p<0.05) WEHLEBREETH -,

B =

ML, HERBCBY S ELEERECELE
OGRS X UBMERIC L ML SR T E ks,
JR37 U7 clinical entity & U THRKB CBEN LA
ENEET20E»IZDO0TIX, RFEL{THLEED
Er Bz, FELERE, LREEHOBRRFE
Fhe BT TI201 LFy v FRrICE D EELEICD
Te DEER O ER KB ERD, HROBERE, KB
TEH/PEIRRIRZEIC & 2K « /NEIREE MR MR OB

d—((:}/ (B)
200
n= 41(0,8)
r=-0.58
J P<0.001
o}
1001 e
o) ®
g ¥
1
1 o
@ . o
()
-] ® Q
e e O~
0 T T T Y T T v ¥ v
0 2 4 6 Score

(A) Correlation
The cofficient of correlation(r) in

(B) Correlation between d-CV and score of

The coefficient of correlation(r)

A, control cases; O, positive cases; ®, negative cases.
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EERERLTOB I L 2REL®, 72, DHEREKRD
et & BIELAE &8 L& VRRR I IR L
o h s DEHHERELOBRERT I L EREL
7390 S DEAED S, BEIE, BHo»RLRED
HHERIR LS OHERBEMNCS T LY ¥ F
CEDOEEELINELE IO TR A2 EE LTI
901 BRLEY > F 2RV TSEORN 21T > 7.

s, BEERURHERIENE, X%
b 1 BERRRAER 95 Bicxt L T, FEERE T1-201 .0
Gy FEBREL, 958 154 (15.8%) WREMR
(EWRIE) 23, BERFEEC X3 LEREORE
ETAAEEMEERBE LS, L L, ZOBRTIHLE
EEIT 3 BEEREESBMEEOMSIZEE
Lz ¥, CEOHRIE~ A - —EEFLERSENE

391

TEMEEE O 2 WEFICIRE U, T1-201 &0
Sy FIEBREETF o, TOBRTY, LHY
F 1 32.8% & EmERICEF RIBRD 5 iz, Factor
530403 EEERATRET B & CBIERIC & B BHEY» S,
EERREOPERERRZ W BE TR 2 BIEED
EHTAIENEETHS L LT “diabetic-hyper-
tensive cardiomyopathy” D& #BBL T3, L
»L, KPR TRENEEZEMHL TORWERIZB
Th, BREEEC L 20HEEENFEET S I EMNR
Bahi,

F7-, BEEFRIBICIE fixed defect & stress-induced
defect O 2 FEEEHIEND SN 1208, RO OLIHEEES
DD, 5 | fixed defect 3LEHIRE DB, HIE
DL E D KR, stress-induced defect 13 &2 &

Table 5. Hemodynamic data, coronary angiographic findings and clinical findings in two groups under-

went cardiac catheterization

Clinical data

Date of cardiac catheterization

No. Sex Age

Dura- Treat:  geore  EDVI  EF  CI  m-AoP  EDP Coranary
Positive case
1 M 26 10 Insulin 2 52 75 2.9 83 6 (=)
2 M 35 16 Insulin 3 106 58 3.6 98 15 (=)
3 F 48 18 Insulin 7 74 69 3.2 97 7 (—)
4 M 50 1 Drug 1 86 76 3.3 77 6 (=)
5 M 52 2 Drug 1 90 62 3.5 110 19 LAD; 25%
6 M 56 2 Drug 1 47 78 2.8 90 20 RCA; 25%
7 F 60 10 Insulin 5 58 57 2.9 113 9 RCA; 25%
8 F 66 11 Drug 1 75 58 2.7 83 9 LAD; 50%
9 M 67 5 Drug 2 118 46 2.3 75 6 LAD, RCA; 25%
(Mean 51 8 3 78 65* 3.0 92 11
+SD) +14 £ 6 t 2 24 +11 0.4 +14 * 6
Negative case
1 F 23 1 Insulin 1 61 53 2.3 83 11 (=)
2 F 27 8 Insulin 3 42 80 4.1 88 15 ()
3 F 37 2 Insulin 5 64 67 3.4 107 13 LCX; 25%
4 F 41 6 Dietary 4 58 73 3.5 93 19 LAD; 25%
5 M 43 6 Dietary 0 68 61 4.5 33 8 (—)
6 F 43 13 Insulin 4 42 82 2.9 123 10 LAD; 25%
7 M 48 10 Dietary 2 90 77 2.3 80 9 (—)
8 M 54 8 Insulin 1 44 63 3.2 77 12 LAD: 25%
9 M 55 4 Dietary 1 104 87 4.9 85 5 (=)
10 M 55 5 Dietary 1 90 75 2.7 91 14 LCX; 50%
11 F 55 4 Drug 3 61 83 4.2 117 13 (=)
12 F 56 3 Insulin 1 109 73 2.2 92 13 (=)
13 M 58 15 Dietary 1 59 32 2.5 100 7 RCA; 25%
(Mean 46 7 2 69 74 3.3 94 11
+SD) +11 +4 *2 *23 +10 0.9 +14 +4
Duration, duration of diabetes(yr); Score, score of diabetic complication; Drug, oral hypoglycemic

agents; M, male; F, female; EDVI, left ventricular end-diastolic volume index(ml/m?); EF, ejection
fraction(%) ; Cl, cardiac index (ml/min/m2); m-AoP, mean aortic pressure (mmHg); EDP, left ventri-

cular end-diastolic pressure (mmHg); LAD, left anterior descending artery;

RCA, right coronary art-

ery; LCX, left circumflex artery. * statistically different from the negative cases by p<0.05.
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DIRUHTI|EL 2 2 iM0ENROBELERT b EJJEL2LBLLDELEbRS,

DEEZBNTLS, Selvester 54, Riff 50F <7 BRI T, OB Y > F BRI R R0 16
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LLTES 26 NBROLERTIEERL 272, BHEA 27 S BET, 1R VIEEE ISR
BEEESFET SRR ERE L2, FHRGZZO FRIREIC & 5 BRI BERICE SO S, ko

Table 6. Relationship between left ventriculographic and T1-201 scintigraphic findings in the positive

cases
Left ventriculography Thallium-201 scintigraphy
No. Reduced wall motion Area of defect on visual analysis Arsacgfph;%gld:lfsct score
Assessment Area E. image D. image g .. ve YSWR curve
1 mild inferior INF-POST LAO 60° (=) all
& anterior (=) (INF-POST)s
2 moderate whole ANT nterior ANT ANT
(anterior)$ g —?_5’,
3 mild anterior ANT-SEPT o 60° 0 ANT (—)
4 mild anterior INF-POST LAO 60" INF-POST (-)
G o
5 (”) —_— INF LAO 60" (—) ANT
“)
6 mild anterior ANT-SEPT LAO 60° (-) all
) (ANT-SEPT)}
7 (—) —_— INF LAO 60 (=) INF
-
8 mild anterior ANT-SEPT LAO 60 all (=)
(=) (ANT-SEPT)s
9 moderate  whole ANT-SEPT Ao o ANT-SEPT (-)
(anterior)$§

§ denotes the segment of main abnormality. CFP, circumferential profile; E., early; D, delayed; WR,
washout rate; LAO 60°, left anterior oblique 60° view; ANT, anterior segment; INF, inferior segment;
INF-POST, infero-posterior segment ; ANT-SEPT, antero-septal segment.

Table 7. Mean washout rate on whole heart in diabetic and control group

Diabetes mellitus

Conwol  Au | Pothe  Nemthve | Poiie N
Number 15 53 18 35 9 13
A’;\t,fer;irWR %) 51.8+6.5 46.2%59.0° | 41.5+8.6:%* 48.7%8.2 | 43.9%8.4F 49.7%7.8
LP}:/%E?)’WR %) 50.4+6.1 45.5%8.7* | 40.6%8.08* 48.1+8.0 | 41.7+7.28* 48.8%7.0

#, cases underwent cardiac catheterization. Mean WR, mean washout rate; LAO 60°, left anterior ob-
lique 60° view. Values indicate mean®+SD. Statistical difference between control and diabetics: * p<
0.05; * p<0.01; *** p<0.001. Statistical difference between positive and negative cases: *, p<0.05;
**, p<0.01.
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Abstract

The present study was attempted to detect the preclinical myocardial damage in patients with
diabetes mellitus and to clarify its pathogenesis. The exercise thallium-201 (TI-201) scintigraphy
by bicycle ergometer was performed in 61 diabetics with negative Master’s stress test and with no
hypertension. The scintigrams were evaluated by visual and circumferential profile analysis. In
addition, mechanocardiography (MCG) and functional tests of the autonomic nerves were done.
Coronary angiography and left ventriculography (LVG) were performed in 22 patients having
cardiac symptoms. Of 61 patients, 20 (32,8%) showed perfusion defects in the scintigram
(positive cases), consisting of 5 with stress-induced defect and 15 with fixed defect. The scinti-
grams in 41 patients showed normal perfusion of thallium (negative cases). The positive cases
had more severe diabetic complications and longer duration of diabetes compared with the
negative cases. The positive cases were incident to the treatment with insulin or oral drugs. Both
systolic time intervals (STIs) in MCG and coefficients of variation of heart rate (CV) decreased in
the diabetics, particularly in the positive cases. However, the decrement of STIs and CV was not
significantly different in quantity between positive and negative cases; results therefore suggest
that these two parameters may not correlate directly with the perfusion defects on TI1-201
scintigraphy. Twenty-two patients, 9 positive and 13 negative cases, had undergone cardiac
catheterization, and showed normal coronary angiograms. On hemodynamic study, an ejection
fraction decreased more in the positive cases than in the negative cases. The 13 negative cases
showed normal wall motion in the LVG. Seven of the 9 positive cases, however, showed local
hypokinetic wall motion. Abnormalities of the LVG corresponded to findings of the scintigram,
i. e., perfusion defects or decrement of washout rate. On circumferential profile analysis, the
mean washout rate of the whole heart decreased only in the positive cases. These results suggest
that some diabetics may have myocardial damage, so-called diabetic cardiomyopath, in a stage
during which time the disease is not clinically manifest. There is also a consideration in such
cases that the damage tends to locate in a demarcated fashion in some, but to extend diffusely on
the whole heart in others. The disturbance of coronary microcirculation may be implicated in
the pathogenesis of diabetic cardiomyopathy, for which detection the exercise thallium-201

scintigraphy is useful.




