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Objective - Antihypertensive therapy with thiazides de-
creases coronary events in elderly patients. However, the
influence of diuretics on myocardial ischemia has not been
Sfully investigated. The aim of this study was to compare the
effect of chlorthalidone and diltiazem on myocardial ischemia.

Methods - Following a randomized, double-blind,
crossover protocol, we studied 15 elderly hypertensive pa-
tients aged 73.6%4.6 years with myocardial ischemia. All
patients had angiographically documented coronary ar-
tery disease. We measured patients using 48- hour ambula-
tory electrocardiogram monitoring and exercise testing.
After a 2-week period using placebo, patients received
chlorthalidone or diltiazem for 4 weeks.

Results - Both treatments lowered systolic and diasto-
lic blood pressures. The number of ischemic episodes on
ambulatory electrocardiogram recordings was reduced
with the use of chlorthalidone (2.5+3.8) and diltiazem
(3.2+4.2) when compared with placebo (7.9+8.8; p<0.05).
The total duration of ischemic episodes was reduced in
both treatments when compared with placebo (chlorthali-
done: 19.2+31.9min, diltiazem: 19.3+£29.6min; placebo:
46.1+55.3min; p<0.035).

Conclusion - In elderly hypertensive patients with co-
ronary artery disease, chlorthalidone reduced myocardial
ischemia similarly to diltiazem. This result is consistent with
epidemiological studies and suggests that reduction of arte-
rial blood pressure with thiazide therapy plays an important
role in decreasing myocardial ischemia.
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Hypertensionisanimportant risk factor for coronary
artery disease !, which isthe major cause of death in
personsaged 65 yearsor older 2. Antihypertensivetherapy
withthiazidediureticssignificantly reducescardiovascular
morbidity and mortality intheelderly, including coronary
events®5, Furthermore, it hasbeen shown that diureticthe-
rapy itself hasantiangina effectsandimprovesexerciseca
pacity in patients with stable angina®. Despite the use of
diureticsinmany largetrials*3, theirinfluenceon myocardi-
al ischemiain the elderly has not been fully investigated.
Theaim of thisstudy wasto comparetheeffect of chlortha-
lidoneand diltiazem on myocardia ischemiain hypertensi-
veelderly patientswith coronary artery disease.

Methods

Study population - Fifteen patients(11 men, 4women)
fromthegeriatric outpatient clinic weresel ected to partici-
pateinthisstudy approved by the Ethical Committee. Parti-
cipationrequired signedinformed consent. Patientswereall
over 65 years of age (73.6+4.6 years). Hypertension was
diagnosed when blood pressure was above 160/90mmHg
on at least 2 consecutiveclinicvisits. All patientshad evi-
denceof myocardial ischemiaon 48- hour ambul atory elec-
trocardiogram monitoring and on exercisetreadmill testing,
and angiographically documented coronary artery disease
(>70% diameter stenosisof at least 1 major coronary artery)
(Tablel).

None of the patients had unstable angina, previous
myocardial infarction, left ventricular ejection fraction
<50%, valvular disease, high degreeatrioventricular block,
bundlebranchblock, atrial flutter, or atrial fibrillation.

Study design - After a2-week wash-out period using
placebo, patients received active treatment with either
chlorthalidone(25mg, oncedaily) or diltiazem (30mg, thrice
aday) during 2 periodsof 4 weekseach accordingtoaran-
domized, double-blind, crossover protocol. Patients were
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Table I - Population characteristics

Males 11 (73.3%)
Females 4 (26.7%)
Age 73.6 + 4.6 years
Coronary angiography 3 vessel disease 4 (26.7%)

2 vessdl disease 6 (40.0%)

1 vessel disease 5 (33.3%)

Mean left ventricular gjection 69.0 £ 8.7%

fraction (Echocardiogram)

allowed to use sublingual nitrate during al periods of the
study except during ambul atory el ectrocardiogram monito-
ring or 6 hours before exercisetreadmill testing. After the
placebo period and after each activetreatment period, pati-
entsunderwent aclinical evaluation, blood chemistry ana-
lysis, ambulatory el ectrocardiogram monitoring, and exerci-
setesting.

Blood pressure was measured with amercury sphyg-
momanometer with thepatient in the supinepositionafter 5
minutesof rest. Blood sampleswereobtained for thefollo-
wing examinations:. glucose, potassium, urea, triglycerides,
total cholesteral, low-density lipoprotein cholesterol (LDL-
cholesteral), high-density lipoprotein cholesterol (HDL -
cholesteral), and very-low-density lipoprotein cholesterol
(VLDL-cholesteral).

Ambulatory e ectrocardiogram monitoringwasperfor-
med over 48 hoursusing amagnetic tape recorder system,
amplitude modulated, with acalibrated 2-channel electro-
cardiograms(Marquette, series8500, Marquette Electroni-
csInc., Milwaukee, WI). After careful skin preparation, the
recordings were accomplished with 2 bipolar leads: CM5
(channel 1) and CM1 (channel 2). Anischemic episodewas
defined asthepresenceof at least 1 episode of horizontal or
downsloping ST segment depression >0.1 mV from baseli-
ne, persistingfor at least 1 minute, and separated from ano-
ther episodeby at least 1 minute. Holter recordingswerevi-
sualy analyzed on acomputerized system (L aser-Holter, se-
ries8000T, Marquette Electronicsinc., Milwaukee, WI).

Exercisetesting was performed using acomputerized
system (FukudaDenshi, ML 8000, FukudaDenshi Co. Ltd.,
Tokyo, Japan) with 15 leads (12 conventional leads plus
CC5, CM5, and CL ) according toamodified Naughton pro-
tocol. Exercise was discontinued for chest pain grade 1,
fatigue, dyspnea, or abnormal elevation of blood pressure.
Blood pressure was measured by a sphygmomanometer
(Colin,model STBP 780, ColinMedicd InstrumentsCorp.,
Komeaki City, Japan) at rest and at thelast minuteof each sta-
geof exercise. | schemic changesweredefined asthe presen-
ceof ahorizontal or downdoping ST segment depression of
atleast 0.1 mV from baselineat 80 msafter the Jpoint.

Statistical analysis - Heart rate (HR), systolic blood
pressure (SBP), rate-pressure product, exercise duration,
and serumlevel sof urea, potassium, total cholesterol, LDL -
cholesterol, HDL-cholesterol, VL DL -cholesterol, andtrigly-
cerides were compared by repeated measures anaysis of
variancewith multiple comparison procedures. Friedman
repested measuresanalysisof varianceonranksand Dunn’s
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method were applied to variablesthat did not follow anor-
mal distribution: diastolic blood pressure (DBP), timetois-
chemia, HR at thetimeof i schemia, number of ischemic epi-
sodes, total ischemia duration, numbers of ectopic atria
and ventricular beats, and glucose. Cal cul ationswere per-
formed withthe Statistical Analysis Systems; p<0.05was
accepted asstatistically significant.

Results

Effects on blood pressure

Office examination (Table IT)- BothSBPandDBPwere
reduced by chlorthalidone and diltiazem when compared
with placebo. Thereduction of DBP, however, wasgreater
with chlorthalidonethanwith diltiazem.

Exercise testing (Table IIT)- At onset of ischemia, SBP
wassimilarinthe 3treatment groups. At peak exercise, SBP
wasnot statistically different during treatmentswith chlor-
thalidone and diltiazem when compared with placebo.

Effects on heartrate

Office examination (Table IT) - HRwasnot modified by
either chlorthalidoneor diltiazem trestmentswhen compared
with placebo.

Ambulatory electrocardiogram monitoring (Table V)
- Mean HR on 48-hour monitoring did not statistically differ
during treatment with either chlorthalidone or diltiazem
when compared with placebo. HR at the time of ischemic
episodesalso did not differ among treatments.

Exercise testing (Table IIT) - HR at onset of ischemia
was significantly reduced with diltiazem when compared
with placebo but was not modified with chlorthalidone. At
peak exercisea so, HR wasreduced withtheuseof diltiazem
when compared with placebo, but wasnot modifiedwiththe
useof chlorthalidone.

Effects on myocardial ischemia

Ambulatory electrocardiogram monitoring (Table V)
- Thenumber of ischemic episodeswasreduced withtheuse
of chlorthalidoneand diltiazemwhen compared with place-
bo. Chlorthalidone, however, significantly reduced the
number of ischemic episodes when compared with diltia-
zem. Thetotal duration of ischemic episodeswasreducedin
both treatmentswhen compared with placebo.

Exercise testing (Table I1I) - Exercisedurationwasnot
modified withtheuseof chlorthalidonewhen comparedwith
placeboand diltiazem. A significantincreasein exercisedu-
ration occurred with the use of diltiazem when compared
with placebo. Timeto onset of ischemiawasnot modified by
either treatment when compared with placebo. At theonset
of ischemig, therate-pressure product (HRx SBPx 103%) was
similarinthe 3treatment groups. At peak exercise, however,
no difference in the rate-pressure product among treat-
mentsoccurred.

Effect on cardiacarrhythmias(TablelV) - All patients
experienced cardiac arrhythmiasduring 48-hour ambul atory
electrocardiogram monitoring. Neither chlorthalidonenor
diltiazem treatments modified the number of ectopic atrial
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Table |l - Office data

p-value
Comparison among Multiple comparison procedures
treatments
Plac Chlort Dilt Plac Plac Chlort
versus versus Versus
Chlortversus Dilt Dilt
HR 74.5+7.1 75.2+6.4 72.7+6.6 0.4937 - - -
SBP 171.3+20.0 158.1+18.1 160.0+20.7 0.0054 0.0017 0.0303 0.5711
DBP * 99.4+3.9 82.7+6.2 84.4+9.4 <0.0001 <0.05 <0.05 <0.05

Data are expressed as mean value + standard deviation * Friedman repeated measures anaysis of variance on ranks Plac:
diltiazem HR: heart rate, in beats per minute; SBP: systolic blood pressure and DBP: diastolic blood pressure, in mmHg

placebo; Chlort: chlorthalidone; Dilt:

Tablelll - Exercise treadmill testing data

p- value
Comparison among Multiple comparison procedures
treatments
Plac Plac Chlort
versus versus versus
Plac Chlort Dilt Chlort Dilt Dilt
Onset of ischemia
HR 124.3+17.5 117.1+18.6 113.1+13.7 0.0457 0.0749 0.0128 0.3252
SBP 187.2+27.8 190.7+29.8 182.7+26.1 0.5937 - - -
RPP 23.3t5.1 22.6+5.6 20.1+3.9 0.0521 - - -
Timeto
ischemia* 51+25 7.245.2 5.4+2.6 0.5134 - - -
Peak of Exercise
HR 140.3+18.2 135.2+17.1 133.4+154 0.0178 0.0686 0.0041 0.4830
SBP 191.1+34.5 192.9+34.5 199.5+39.5 0.5391 - - -
RPP 26.7£5.7 26.3+6.9 26.7+6.3 0.9415 - - -
Duragéo do
Exercise duration 11.9+7.1 13.5+6.1 14.6+6.0 0.0244 0.0712 0.0071 0.1612

Dataare expressed asmean value + standard deviation * Friedman repeated measures analysis of variance on ranks Plac: placebo; Chlort: chlorthaidone; Dilt: diltiazem
HR: heart rate, in beats per minute; SBP: systolic blood pressure, in mmHg; RPP: rate-pressure product x 102 ; Time to ischemia and Exercise duration, in minutes

Table IV - Ambulatory electrocar diogram data

p-vaue
comparison among Multiple comparison procedures
treatments
Plac Plac Chlort
versus versus versus
Plac Chlort Dilt Chlort Dilt Dilt
Mean HR 70.9£5.5 74.3£5.7 71.0£6.3 0.0712 - - -
HR at time 79.9+9.3 82.7+10.7 87.3+7.3 0.6171 - - -
of ischemia*
Total ischemia
Duration * 7.9+8.8 2.5+3.8 3.2+4.2 0.0201 <0.05 <0.05 <0.05
Ectopic atrial
beats * 46.1+55.3 19.2+31.9 19.3+29.6 0.0341 <0.05 <0.05 NS
Batimentos Atriais
Ectopic 440+638 3961643 3872+14070 0.4493 - - -
Batimentos
ventricular beats *  5393+14664 359447408 4386+12821 0.6065 - - -

Data are expressed as mean value + standard deviation * Friedman repeated measures nalysis of variance on ranks Plac: placebo; Chlort: chlorthalidone; Dilt:
diltiazem HR: heart rate, in beats per minute; Total ischemia duration: in minutes

beats and ectopic ventricular beats when compared with

placebo.
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Table V - Blood chemistry data
p-vaue
Comparison among Multiple comparison procedures
treatments
Plac Plac Chlort
versus versus versus
Plac Chlort Dilt Chlort Dilt Dilt
Glucose * 132.7+66.1 139.8+72.3 134.7+69.7 0.3438 - - -
Urea 38.27+11.36 44.80+10.62 39.33+£9.76 0.0244 0.0129 0.5976 0.0104
Potassium 4.41+0.47 4.18+0.63 4.59+0.38 0.0100 0.0447 0.0620 0.0021
Total cholesterol ~ 225.00+50.34 230.20+59.84 226.67+46.56 0.7882 - - -
LDL-cholesterol ~ 153.40+40.22 162.47+48.65 155.07+37.86 0.3022
HDL-cholesterol 47.20+14.23 48.27+15.54 47.67+14.07 0.7931 - - -
VLDL-cholesterol  24.40+9.20 27.33+10.55 23.93+9.89 0.0201 0.0164 0.7861 0.0336
Triglycerides 121.80+46.01 136.40+52.82 120.20+48.50 0.0215 0.0160 0.8471 0.0359
Data are expressed as mean vaue + standard deviation * Friedman repeated measures analysis of variance on ranks Plac: placebo; Chlort: chlorthalidone; Dilt:
diltiazem Glucose, Urea, Total Cholesterol, LDL-cholesterol, HDL-cholesterol, VLDL-cholesterol and Triglycerides, in mg/dl; Potassium, in mEgy/!.

tassium was reduced by chlorthalidone when compared
with placebo and todiltiazem. However, chlorthalidone cau-
sed anincrease in serum urea, serum triglycerides, and
VLDL-cholesterol when compared with placeboand diltia-
zem. Diltiazem did not modify serumtriglyceridesand VL-
DL -cholesterol. Totd cholesterol, HDL -cholesterol, and L -
DL -cholesterol werenot modified by any of thetreatments.

Discussion

Diureticshavebeenindicated asinitial antihyperten-
sive therapy 7 because numerous randomized controlled
trialshave shown that they reduce cardiovascular morbidi-
ty and mortality 8. Although some concern about therel ati-
onship between diuretic therapy and increased risk of death
from coronary artery disease exists®, recent trial shave sho-
wn areduction of coronary heart diseasein older hyperten-
sive persons treated with these agents*®. Our results are
consistent with thesetrials and provide evidence that in
elderly hypertensive patientswith coronary artery disease,
chlorthalidone hasan antiischemic effect similar to the ef-
fectof diltiazem.

Few studiesabout theeffectsof diuretictherapy onmyo-
cardid ischemiaexist. Nechwetd eta. *reportimprovementin
anginaandanincreaseinexerciseperformancein patientswith
stablecoronary artery diseasetreated with furosemide. More
recently, Parker et al.  reported that diuretictherapy improves
exercisecapacity innormotensive patientswith stableangina
In our study, we found a borderline increase in exercise
performancewiththeuseof chlorthaidone.

Our study found that chlorthalidone reduced myocar-
dia ischemiarelatedtodaily lifeactivitiesinahomogeneous
population of elderly hypertensivepatientswith myocardial
ischemiaand with normal |eft ventricular function. Infact,
theantiischemic effect of diureticsmay beevenmoresigni-
ficant in patientswith ventricul ar dysfunction. In such pati-
ents, reductioninvenousreturn playsanimportant rolein
reducing oxygen demand. Thelow dosageof chlorthalido-
neused in our study wasassociated with small and not cli-

nicaly important metabolic effects(dight hypokaemia; mild
increaseinureg, triglycerides, and VL DL-cholesterol). This
hypokal emiawasnot associated tewith anincreasein car-
diacarrhythmiasasfoundinthe SHEP study .

The mechanisms responsible for the antianginal ef-
fectsof diltiazem havebeenwell investigated and arerela-
tedto areductionin oxygen demand duetoitsnegativeino-
tropic and chronotropic effects and to improvement in
oxygen supply by coronary vasodilatation and by anin-
creased diastolictime™2. Ontheother hand, theantiischemic
effect of chlorthalidoneismoredifficult toexplain. Itisnot
related to chronotropic modification according to our ob-
servation on HR behavior on 48-hour ambul atory el ectro-
cardiogram monitoring. Onepossibleexplanationisthere-
ductioninblood pressure. Infact, SBPand DBPintheoffice
werereduced by chlorthalidonetherapy, suggesting ablood
pressure influence on antiischemic effects. Furthermore,
Deedwania®® and Rehman *found that anincreasein SBP
accompaniesthe onset of epi sodesof myocardial ischemia.
However, our study did not measureblood pressureduring
daily life activities, so we had no evidence to support this
hypothesis. Although the rate-pressure product did not
changewiththeuseof chlorthalidone, itiswell knownthat
the rate-pressure product is not the only determinant of
oxygen demand because it does not consider changesin
ventricular volume and contractility 5. Another possible
mechanism isavolemic reduction|eading to decreaseson
venousreturn, left ventricular volume, | eft ventricular wall
tension, and oxygen demand?®. Nechwatal et al ° propose
that theantianginal propertiesassociated withtheacuteuse
of frusemide aredueto areductioninventricular volumes
and pressures resulting in decreased myocardial wall
stress. Moreover, reduction of |eft ventricular end-diastolic
pressure could lead to improvement in the coronary flow
gradient leading to increased oxygen supply. A reduction
in contractility has been suggested by Pierce” to explain
theantianginal effect of hydrochlorothiazide plusamiloride
in patientswith stabl e anginabecause amil oridewasrepor-
ted to have negativeinotropic effectsinanimals. However,
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it isknown that thiazide has no direct myocardial effect
and so, thismechani sm coul d not explain our results.

Study limitations - Because weincluded only elderly
hypertensive patientswith stable anginaand without pre-
viousmyocardial infarction, theseresultscannot be appli-
cableto other subsetsof patients. Furthermore, we studied
asmall population. Another limitationisthat our study did
not measureblood pressureduring ambul atory el ectrocar-
diogram monitoring; therefore, we cannot exactly determine
theroleof blood pressurein decreasing myocardial ische-
miaduringdaily lifeactivities.

Clinical implications - The present study shows that
chlorthalidonetherapy significantly reducesmyocardial is-
chemiaduring daily life activitiesin hypertensive elderly
patientswith coronary artery disease. Our resultsareconsis-
tent with the SHEP study that showed 27% fewer fatal and
nonfatal myocardial infarctionsinolder patientswithisolated

Arq Bras Cardiol
2001; 76: 268-72

systalic hypertension treated with low-dose chlorthaidone®
andaprevention of heart failure, especiadly inthosewith prior
myocardia infarction®. Therefore, we can speculate that
low-dosethiazidediuretic therapy may bebeneficial and ap-
plicable for usein patients with refractory anginapectoris
despitetraditional treatment, especialy in hypertensive sub-
jectsandinthosewith congestiveheart failure.

Conclusion - Inelderly hypertensive patientswith co-
ronary artery disease, chlorthalidone reduced myocardial
ischemiasimilarly todiltiazem. Thisresultisconsistent with
epidemiological studiesand suggeststhat reduction of ar-
terial blood pressurewith thiazide therapy playsanimpor-
tant rolein decreasing myocardia ischemia.
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