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Summary

To elucidate the prevalence and features of painless myocardial ischemia among diabetic patients,
44 consecutive patients with angiographically-documented coronary artery disease and positive tread-
mill tests were examined. They were 26 with diabetes and 18 without it. Painless myocardial
ischemia was defined as the absence of chest pain with 1 mm or more ST segment depression during
the exercise stress tests. The severity of ischemia was determined by the magnitude of the ST
segment depression.

Painless myocardial ischemia was observed in 18 of the 26 (69%) diabetics, and in three of the
18 (17%) non-diabetics (p<0.005). The frequency of painless ischemia in the diabetics was relatively
high regardless of the severity of ischemia, while painless ischemia was less frequent in the non-dia-
betics with severe ischemia. With a level of 2.5mm ST depression, 11 of 12 (92%) diabetics were
free of pain compared to four of 11 (36%) non-diabetics (p<0.01).

Absence of chest pain during the exercise tests was not concordant with prior angina in dia-
betics, as opposed to non-diabetics in whom both clinical and exercise-induced angina developed
concordantly.

The diabetic patients without chest pain had a higher prevalence of three major diabetic com-
plications such as neuropathy, nephropathy and retinopathy compared to those developing chest pain
(p<0.025).

It was concluded that in diabetics, painless myocardial ischemia is frequently observed during
exercise stress tests and its prevalence is relatively high regardless of the severity of ischemia. Special
attention should be afforded the management of diabetic patients, especially those with major
diabetic complications who may not experience angina during exercise even though they previously
experienced angina.
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Table 1. Clinical variables of diabetics (DM) and non-diabetics (non-DM)

DM (n=26) Non-DM (n=18) p value

Age (yrs) 58+9 59+9 NS
Sex (% male) 22/26 (85%) 14/18 (78%) NS
Smoking history 21/26 (81%) 14/18 (78%) NS
History of

hypertension 15/26 (58%) 9/18 (50%) NS

angina 20/26 (77%) 13/18 (72%) NS

MI 10/26 (38%) 13/18 (72%) NS

heart failure 1/26 ( 4%) 2/18 (11%) NS
Total cholesterol (mg/dl) 233453 212447 NS

" HDL-~cholesterol (mg/dl) 46+31 3748 NS

Triglyceride (mg/dl) 2324240 165+124 NS
Hemodynamics

LVEDP (mmHg) 7+3 10+5 NS

Cardiac index (ml/min/m) 2.9+0.4 2.8+0.5 NS

LVEF (%) 63+11 59+14 NS

Wall motion score 6.7+2.8 8.7+3.3 NS
Severity of CAD

Number of diseased vessels .2+0.9 2.2+0.9 NS

Jeopardy score 6.8+3.6 6.8+3.2 NS
Distribution of coronary lesions

Right coronary artery 16/26 (62%) 11/18 (61%) NS

Left anterior descending artery 22/26 (85%) 16/18 (89%) NS

Left circumflex artery 20/26 (77%) 10/18 (56%) NS

MI=myocardial infarction; LVEDP=left ventricular end-diastolic pressure; LVEF =Ileft ventricular ejection

fraction; CAD=coronary artery disease.
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Table 2. Treadmill parameters of diabetics (DM) and non-diabetics (non-DM)

DM (n=26) Non-DM (n=18) p value
Duration of exercise (sec) 402+145 435+122 NS
Peak heart rate (beats/min) 127+21 125+19 NS
Peak systolic blood pressure (mmHg) 179+33 164+37 NS
Maximum ST depression (mm) 2.6+1.1 2.5+1.6 NS
At 1mm of ST depression
Elapsed time (sec) 265+142 269+132 NS
Heart rate (beats/min) 108+18 105+20 NS
Systolic blood pressure (mmHg) 173+31 158 +32 NS
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Fig. 1. Frequency of painless ischemia in dia-
betic (DM) and non-diabetic (non-DM) patients
during treadmill exercise tests.

Eighteen of 26 diabetics (69%) are free of chest
pain, while only 3 of 18 non-diabetics (17%) are
asymptomatic.
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Fig. 2. Painless ischemia at each ST depression level in diabetics (DM) and non-

diabetics (non-DM).

Painless ischemia is more frequently observed in diabetics at any level of ST depression.
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Fig. 3.

Frequency of painless ischemia according to degree of ST depression.

In diabetics, the frequency of painless ischemia is relatively high, regardless of the severity of
ischemia, while in non-diabetics, its frequency decreases as the ischemia progresses.
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Table 3. Treadmill parameters at onset of chest pain in diabetics (DM) and non-diabetics

(non-DM)
DM (n=8) Non-DM (n=15) p value
Exercise time (min) 6.1+2.4 5.2+2.2 NS
Heart rate (beats/min) 124424 114421 NS
Systolic blood pressure (mmHg) 153+36 158+35 NS
ST depression (mm) 2.3+1.2 1.6+0.9 NS

non-DM Clinical course

(n=18) (+) (=)
Treadmill (+)

test
(=) p=NS

DM Clinical course

(n=26) (+) (=)
Treadmill (+)
test (—)

Fig. 4. Onset of angina during exercise tests
and during clinical courses in diabetics (DM)
and non-diabetics (non-DM).

In non-diabetics, angina was reproduced by exercise
test in nearly all patients (11/13, 85%), while in dia-
betics only 7 of 20 (35%) with prior histories of an-
gina developed chest pain during exercise.
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Table 4. Clinical and treadmill parameters of diabetics with and without chest pain

Chesinp:lgl; (+) Ches(':1 gallg) (=) p value

Age (yr) 57+7 58+7 NS
Sex (male, %) 8 (100%) 14 (78%) NS
History of

smoking 7 (88%) 14 (78%) NS

hypertension 2 (25%) 13 (72%) NS

angina 7 (88%) 13 (72%) NS

MI 2 (25%) 7 (39%) NS
Cardiac index (ml/min/m) 2.9+0.2 2.9+0.4 NS
LVEF (%) 63+13 64+10 NS
Mean number of diseased vessels 2.3+0.9 2.2+0.9 NS
Treadmill parameters

Duration of exercise (sec) 400140 412+146 NS

Peak heart rate (beats/min) 129+20 127+22 NS

Peak systolic blood pressure (mmHg) 162+31 188+31 NS

Maximum ST depression (mm) 2.9+1.0 2.4+1.2 NS

MI=myocardial infarction; LVEF =left ventricular ejection fraction.
Table 5. Diabetic parameters of the patients with and without chest pain
Chesznfzg)i (+) Ches(t;l I;allg) (=) p value

Fasting plasma glucose (mg/dl) 133+43 170+63 NS
Hemoglobin A,; (%) 7.7+1.7 9.3+2.6 NS
DM duration (yr) 9+9 12+8 NS
Modality of therapy

Diet 7 (87%) 12 (67%)

Oral agents 0 1 (5%) NS

Insulin 1 (13%) 5 (28%)
Complications

Neuropathy 2 (25%) 10 (59%) NS

Nephropathy 1 (13%) 7 (39%) NS

Retinopathy 1 (13%) 7 (39%) NS

One of the above (No. of patient) 2 (25%) 15 (83%) <0.025

HER ST RLANS BEERO 2N, »
b B MR ML L 2 FEIRBRE D 69% 23R %
7. Nesto 67%, VY T ALHBHYvF I/ 0%
BB, BERFEGAO 72% @B
MzBHZERBRELTE Y, 20HEEIHRL OB
BEL—HT5. LrLARSED ORI ES

IREE THEEREZHERL TR LT, LA EHE
TEY T LLHY F 75 A CRIMHERIBEAEL
EEh3ib2hrbbT, RFCEEShLN
BRI ST BILIBERBRED 56%, FebsRpn
D 64% ITEDETTHD. LEXEODELE
EORENRKEVWZ LIZ, BODFY v ALEY

— 289 —



':P)”) Eﬂaﬁ: $#) [E3/B

VF S ADOREITE BHED, BiLEEKE

LTWERIEE R Y 5.

—75 Chipkin 5%, bry FIALARIKIY
FERRBE O 54% ([CERRME O R 2 380 72 23,
JERERFEETD 47% IEETH Y, WEMCH
BEIRboEBELTVWEY. EREHOE
St DR M DS X, Fx R Nesto &0
LIRE—ET 50, FEREIRIFRE o MR O MR I
DEEEN 47% L w5 0, a0 17%, Nesto
b0 32% CHLUERTHS. —iRiC, Bkl
FKREAEHNHRE LMLy FINAROREOH
T, 17~45% EmiE OFRmA Rohd
L ENTW B, SR H ORE LR M O HEF
Thd STERTOREATER DV, BiARHEK
ixc& i, Chipkin 53 ST 8 2mm 2L HE
TLebozLFRLAHH E LTna R, Hx
Dixtg L LT IEREIRmRE O 18 4 14 4113 ST K
T 2mm PRiic@zEo Ty, bLhb
DIEFI 2 asE B ICES 2 Pl L TwiclTh
i, z o 14 iz Chipkin & oxRiIzESEhin
z ek s, IEEERFERET ST KT 2mm £ T
Mg s £ holflid, TLAFIDHH»LERE
BIRERD Y, FEERFR—REREZTDL0
TERVWERDbIhS.

SRR ORE & LT, ORI ORE
DORRER R, HEMEREE - Bk (denervation)
2 X B EMECKT 2 v LR R s h
TWa. Lal, FERKEFICR T 3 ERHEOHE
MoEEIETsH|ETELEALLERY. x4
Elo#ate, ST ETABE 2SI, FEHE
FRIGEE TR WD L 72, BRFETIE
ST ETFH 2.5mm & A 5Th, #9 B ERE
RBCThote. ST KT ORE L. E M O EEE
OEL+THE, SERRL LICkERRER OER
DA%, DMIBLAORBEOHIRD D Z LT
mWRH 5. —F, ARERAERS L, FERRET
IIEERRRICH L, PolvE IR % T 0 EBIRER
BEL, HEHEEo ST KT L BYWHEMICS
D, ZhdOEFTIREERBE K TIRRE

7. Box ORIE T, BERBEOEEG L BREHIT,
FEIRIR O APHE T & 5 AiRREE - BIE - MHIE ©
APHAECAZE I D o, WThOABHE

LIEFEAICE OFEE IR, Feohd I REHE
EOVWThri A+ 5603, EEAlIERICEL
Ew i, Nesto Sz d OEGHEEICER
Bipofcb MELTVWSD. Hx OFERFRECIE
BEHEEO ZOEFBZ VDI L, Nesto b0
HRIETROFERFE» A 2Y) vEFRALT
WHEBEHTHY, ANEEZLbbYE, HRICED
RENRLB LD LEbhT.

PERIR D ERF A BRELIFE EBRA LELVO
2, EBE & ST hiEEoOMEAE RS0
DOV TIEEL TRV, L UERKRERG
D 2% NELHrOETHEEZERELTBY, £
 DEEEEMIV VLD L Bbh 3. Nesto
b b, EEPRAICIINGRE % 58w 72 0% b BB AR RR
BB EZ RO RV L BNERBHICICASH
REBELTWBE?. ZoFRREIZOVWTE, &
BORNRRL, MEE=a Fr—L ORERE DR
FOBENFRRENRSD N, HAELHEATELAT
Wiz,

s D & 7 0 b 0 HEBIIRE B O EEE ST
#BErRBELEVWZ LR FTRBEshT S
B, PelME DIEFRICEE L TR O R BRI 2B E
FERBEOEETHS. L LERKTE, 46
OREFTLHEL MR L ST, EFAMRRIZEL
Tl ERZEREHEECALN, BRKFEE
BELIBMERE OB EREEEET 5 L Ebh
Te. BICERROBRBEEDPEL, BRFERAD
AHHE T H 2 REEESCTRE - WEEL 5L
BRETIE, EHNCESHARLERE KITL,
EHREROBYRRICEYEE LE LD L
1.

-2 #

FERIRICR T 5RO EILOSREE LM E
RT3 HMT, TORER X YV AEREN
@xh, bry FIVEBATRRCHENYE L HE

— 290 —



SNIHERIE 26 ), FEREIRIE 18 pilastsk L L,
figgE o MBIER, ARG O F & & BRI
DEBOHEE, FERFETEE L Moy oBfRicow
TR L.

SR TR O B LV PRIBEE 0 18 451] (69%) 2 R
bhieoizxt L, JERERFBEE T 3H(17%) i+
Eleh o (p<0.005). ST (KT % CFEEM 0
BLt+ol, BREBETRIVTROBRET LI
RIFEICH LERBCERICERF REEL T Y
7o, JEMERBEETIE, ST ETHEEICA IR
WIS G OSREE A LT A, BERERE T ST
KT 25 mm DERETY 92% BARBERTH-
To. FEREPRIGHE T I ARTRRIOLIE & BRRAVBOLE
BOHBEZIE—F LTV, BERBETE,
FEERA W0 & 380 72 03 & A TR 1 g o K
THHHEL Abhile. FEREOERGIZ, A
BlicH L, #hdEE - BEE - EEEO W h
AT B HIBRL Do Tz,

X @k

1) Cabin HS, Roberts WC : Quantitative comparison
of extent of coronary narrowing and size of healed
myocardial infarct in 33 necropsy patients with
clinically recognized and in 28 with clinically
unrecognized (“silent”) previous acute myocar-
dial infarction. Am J Cardiol 50: 677-681, 1982

2) Faerman I, Faccio E, Nunez R, Jadzinsky M,
Fox D, Rapaport M : Autonomic neuropathy and
painless myocardial infarction in diabetic patients.
Diabetes 26 : 1147-1158, 1977

3) Califf RM, Phillips HR III, Hindman MC, Mark
DB, Lee KL, Behar VS, Johnson RA, Pryor DB,
Rosati RA, Wagner GS, Harrell FE : Prognostic
value of a coronary artery jeopardy score. ] Am
Coll Cardiol 5: 1055-1063, 1985

4) Froelicher VF Jr, Yanowitz FG, Thompson AJ,
Lancaster MC: The correlation of coronary an-
giography and the electrocardiographic response
to maximal treadmill test in 76 asymptomatic
men. Circulation 48: 597-604, 1973

BERRIKIZ 31T B SERRIE OB R Al

5) Stern S, Tzivoni D: Early detection of silent
ischaemic heart disease by 24-hour electrocardio-
graphic monitoring of active subjects. Br Heart
J 35: 481-486, 1974
Bradley RF, Schonfeld A: Diminished pain in
diabetic patients with myocardial infarction. Ger-
iatrics 17 : 322-326, 1962
7) Nesto RW, Phillips RT, Kett KG, Hill T, Perper
E, Young E, Leland OS Jr: Angina and exer-
tional myocardial ischemia in diabetic and non-
diabetic patients : Assessment by exercise thallium
scintigraphy. Ann Intern Med 108 : 170-175, 1988
Chipkin SR, Frid D, Albert JS, Baker SP, Dalen
JE, Aronin N: Frequency of painless myocardial
ischemia during exercise tolerance testing in pa-
tients with and without diabetes mellitus. Am J
Cardiol 59: 61-65, 1987
Bartel AG, Behar VS, Peter RH, Orgain ES, Kong
Y : Graded exercise stress tests in angiographically
documented coronary artery disease. Circulation
49 : 348-356, 1974
10) Tonkon MJ, Miller RR, DeMaria AN, Vismara
LA, Amsterdam EA, Mason DT : Multifactor
evaluation of the determinants of ischemic elec-
trocardiographic response to maximal treadmill
testing in coronary disease. Am J Med 62: 339-
346, 1977
11) Weiner DA, McCabe C, Hueter DC, Ryan TJ,
Hood WB Jr: The predictive value of anginal
chest pain as an indicator of coronary disease
during exercise testing. Am Heart J 96: 458-462,
1978
12) Chierchia S, Lazzari M, Freedman B, Brunelli
C, Maseri A : Impairment of myocardial perfusion
and function during painless myocardial ischemia.
J Am Coll Cardio 1: 924-930, 1983
13) Droste C, Roskamm H: Experimental pain mea-
surement in patients with asymptomatic myocar-
dial ischemia. J] Am Coll Cardiol 1: 940-945, 1983
14) Hultgren H, Peduzzi P, Pierpont G: Veterans
Administration Cooperative Study of medical
versus surgical treatment for stable angina-
progress report: Section 6: Symptom severity
and prognosis. Prog Cardiovasc Dis 28 : 273-278,
1986

6

=

8

~

9

~

—291 —



