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SUMMARY

To determine the effects of diltiazem (DTZ) and nitroglycerin 

(NTG) on left ventricular (LV) diastolic relaxation and filling in 

patients with coronary artery disease (CADpts), LV graphy and 

time constant (Tc) of LV isovolumic pressure decay were studied 

before and 5min after intravenous DTZ (10mg) in 16 CADpts 

and sublingual NTG (0.3mg) in 11 CADpts. Diastolic regional 

ventricular filling dynamics were quantitated by segmental area-

time curves during early-, mid- and late-filling periods. After 

NTG, LV systolic pressure (LVSP), end-diastolic pressure (EDP) 

and end-diastolic volume (EDV) decreased. Early-filling rate 

(EFR) decreased (165•}82 to 122•}61ml/sec/m2) due to a de-

crease in the regional early-filling rate in the normokinetic area 

and late-filling rate (LFR) increased (95•}38 to 145•}45ml/sec/

m2), while LV peak positive dp/dt, peak LVSP/end-systolic volume 

(ESV) ratio, Tc and mid-filling rate (MFR) were unchanged. 

After DTZ, LVSP decreased and EDV increased. EFR in-

creased. EFR increased (127•}54 to 166•}60ml/sec/m2) due to 

an enhanced regional early-filling rate in the mildly hypokinetic 

area, while EDP, LV peak positive dp/dt, peak LVSP/ESV ratio, 

Tc, MFR and LFR were unchanged. From these results, it was 

postulated that NTG caused a decrease in LV early filling and an 

increase in LV late filling, probably due to LV preload reduc-

tion. In contrast, DTZ caused significant improvement of LV 

early filling particularly in the mild hypokinetic area. Thus, 

DTZ but not NTG was able to relieve local myocardial dysfunc-

tion secondary to a stenosed coronary artery during the filling
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period, resulting in clinical improvement in CADpts.

Additional Indexing Words:

Diltiazem Nitroglycerin Left ventricular function Cor-
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ILTIAZEM, one of the calcium slow channel blocking agents, has been 

shown to be effective in the relief of coronary spasm in patients with 

variant angina.1) Even in patients with exertional angina, diltiazem has 

been shown to reduce the frequency of anginal attacks and to improve exer-

cise tolerance.2) These effects were mainly due to coronary vasodilation3) 

and reduction in myocardial oxygen demand.4) Recently, early detection 

of impaired diastolic properties have been emphasized in the evaluation of 

ventricular function in patients with coronary artery disease.5) The diastolic 

abnormalities in patients with coronary artery disease and hypertrophic 

cardiomyopathy have been shown to be favorably modified by the admin-

istration of calcium channel blocking agents.6)-8) Whether diltiazem alters 

left ventricular relaxation and diastolic filling in patients with coronary artery 

disease, however, has not been investigated using simultaneous measurement 

of left ventricular pressure and volume. This study was designed to assess 

the acute hemodynamic effects of diltiazem on left ventricular relaxation 

and diastolic filling in patients with coronary artery disease and moderately 

depressed left ventricular function. To appreciate more fully the actions 

of this agent, the effects of nitroglycerin on diastolic properties were compared 

with those of diltiazem.

PATIENTS AND METHODS

This study included 27 patients with coronary artery disease who under-

went diagnostic cardiac catheterization. All patients had clinical and elec-

trocardiographic evidence of myocardial infarction which had occurred 

within 6 months before study. These patients were in sinus rhythm, and 

patients with hypertension or valvular heart disease were excluded from 
this study. All cardioactive drugs were discontinued for at least 24 hours 

before the start of this observation. Complete informed consent was ob-

tained from each patient and no unfavorable complication occurred during 

this study. We investigated 16 patients before and after the administration 

of diltiazem and 11 patients before and after that of nitroglycerin. The 

details of the 2 groups are listed in Table I.

Study protocol:

Cardiac catheterization was performed via the femoral approach with
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Table I. Summary of Clinical Data

Values represent mean•}SD.

Abbreviations: MI=myocardial infarction; V=coronary vessel with luminal stenosis more than 

75%; LAD=left anterior descending artery; RCA=right coronary artery; CX=circumflex artery.

the patient in a fasting state without premedication. Left ventricular pres-

sure was recorded using a high fidelity micromanometer-tipped catheter 

(Millar Instrument). The micromanometer system was calibrated elec-

tronically against a mercury manometer before insertion and after with-

drawal of the catheter. Left ventriculography was performed with single 

plane 35mm cineangiography at 60 frames/sec in the right anterior oblique 

projection (Philips Poly-diagnost C). A bolus of 35ml of Iodamide Sodium 

Maglumine (Conraxin-H) was injected via the 8F pigtail catheter at a rate 

of 12ml/sec with cine film exposed at 60 frames/sec. During cineventriculo-

graphy study, high fidelity left ventricular pressure and peak positive dp/dt 

were calculated by using a computer system (Philips ACS) . Control left 

ventriculography with simultaneous measurement of left ventricular pressure 

was initially performed. After a pause of 30min to allow for dissipation of 

the hemodynamic and myocardial depressant effects of contrast agents
, 

simultaneous hemodynamic and angiographic studies were obtained in 16 

patients with coronary artery disease 10min after intravenous administra-

tion of 10mg infused over a period of 5min and in 11 patients with coronary 

artery disease 5min after sublingual administration of 0 .3mg nitroglycerin. 

Coronary arteriography was then performed in all patients using the Judkins 

technique.

Measurements and computations:

For evaluation of left ventricular function
, cine films were projected 

to a video camera and ventricular silhouettes were outlined with a light pen 

on a video screen. A computer system (Philips LVV100) calculated volumes 

applying Simpson's rule. The patients with both premature and post pre -
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mature beats during and after left ventriculography were excluded from this 

study. All analyses were performed within the first three normal sinus beats 

following the commencement of injection of contrast agents, when the ef-

fects of contrast agents on myocardial function are negligible.9) The angio-

graphic ejection fraction was calculated according to the standard formula.10) 

Volume data were corrected for the body surface area. For the purpose 

of regional wall motion analysis, left ventricular silhouette was divided into 

8 segments, as we previously reported in detail.11) The long axis extended 

from the midpoint of the aortic orifice to the apex, and three vertical lines 

to the long axis at quarter-length intervals divided the left ventricular sil-

houette into 8 segments. Each regional area was calculated by the computer 

system at 8 positions around the left ventricular contours, that is, anterobasal 

(segments 2 and 3), apical (segments 4 and 5), inferior (segments 6 and 7) 

and inferobasal (segment 8). Segmental wall contraction was calculated as 

follows: %segmental wall contraction=Ad-As/Ad•~100 (Ad=the area of 

each segment in end-diastole, As=the area of each segment in end-systole). 

The normal values for %segmental wall contraction were then used to define 

abnormally contracting segments.11) The mild hypokinetic areas and severe 

hypokinetic areas were defined as those where the %segmental wall con-

tractions were more than two standard deviations and four standard devia-

tions lower than the mean value of normally contracting left ventricle, respec-

tively.

Global ventricular filling was quantitated with frame-by-frame angio-

graphic volumes from the end of the isovolumic relaxation period to end-

diastole. A three point moving average filter was applied. The end of the 

isovolumic relaxation period was noted as the point where pressure declined 

to the level of the left ventricular end-diastolic pressure.12) The time from 

the end of the isovolumic relaxation period to end-diastole is referred to the 

left ventricular filling time. This filling time was divided into three equal 

intervals. The mean filling rates of each interval were calculated before 

and after administration of drugs. These filling rates were termed early-

filling, mid-filling and late-filling rate.

Regional ventricular filling was quantitated by the velocity of the re-

gional outward wall motion during the filling period which was determined 

by examining the frame-by-frame angiographic area of each segment against 

time. Using the same time references of global ventricular filling, the mean 

velocities of regional outward wall motion during the early-, mid- and late-

filling periods were calculated in each segment and termed the regional early-

filling rate, regional mid-filling rate and regional late-filling rate, respectively. 

There are known limitations of all reference systems for quantitating regional.
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wall motion analysis. Therefore, for assessing regional outward wall mo-

tion characteristics, segments 1 and 8 adjacent to the valves were excluded 

from analysis.

The index of left ventricular relaxation, time constant (Tc), was cal-

culated with a microcomputer (SANYO MBC 220) from the point of the 

peak negative dp/dt to the time at which pressure decreased to the level of 

the left ventricular end-diastolic pressure of the preceding beat.12) Tc was 

derived from an exponential curve fitting with a variable asymptote.13) Thus, 

P(t)=aebt+c, where P(t)=pressure at time, t=time after peak negative 

dp/dt and c=the asymptote. Tc=-1/b.

Statistical methods:

Statistical analysis of the data was performed with Student's t-test for 

paired and unpaired analysis. Values were expressed as mean•}SD and 

p<0.05 was considered significant.

RESULTS

1. Global left ventricular hemodynamics (Table II)

Hemodynamic results after administration of diltiazem and nitrogly-

cerin are shown in Table II. Heart rate remained unchanged after diltiazem 

and increased from a control value of 68•}9 to 74•}11 beats/min (p<0.05) 

after nitroglycerin. Both diltiazem and nitroglycerin administration were 

associated with decreases in left ventricular systolic pressure from 130•}19 

to 125•}18mmHg (diltiazem) and from 130•}16 to 112•}15mmHg (nitro-

glycerin). Nitroglycerin produced a decrease in left ventricular minimal pres-

sure (6•}4 to 3•}3mmHg), left ventricular end-diastolic pressure (19•}8 to 

12•}6mmHg), end-diastolic volume (108•}29 to 95•}34ml/m2) and end-

systolic volume (55•}25 to 49•}29ml/m2). After diltiazem, end-diastolic 

volume increased slightly but significantly from 96•}25 to 101•}26ml/m2 

(p<0.05) and end-systolic volume tended to be lower, resulting in an in-

crease of ejection fraction (53•}11 to 57•}11%, p<0.01). There were no 

changes in left ventricular minimal pressure and end-diastolic pressure after 

diltiazem. Left ventricular peak positive dp/dt, peak left ventricular systolic 

pressure/end-systolic volume ratio and Tc remained unchanged following 

either diltiazem or nitroglycerin administration.

2. Left ventricular global filling dynamics (Table II, Figs.1 and 2)

Representative left ventricular filling curves obtained at rest and after 

administration of nitroglycerin are presented in Fig.1. After nitroglycerin, 

the left ventricular diastolic early-filling rate decreased from 165•}82 to 122

•} 61ml/sec/m2 and the late-filling rate increased from 87•}39 to 141•}39ml/
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Table II. Effect of Nitroglycerin and Diltiazem on Left Ventricular Hemodynamics

Abbreviations: HR=heart rate; LVSP=left ventricular systolic pressure; LVPmin=left ventri-

cular minimal pressure; LVEDP=left ventricular end-diastolic pressure; EDV=end-diastolic 

volume; ESV=end-systolic volume; EF=ejection fraction; Tc=time constant of left ventricular 

pressure decay; peak LVSP/ESV=peak left ventricular systolic pressure/end-systolic volume ratio; 

EFR=early-filling rate; MFR=mid-filling rate; LFR=late-filling rate. Values represent mean•}

SD.

* p<0
,05, ** p<0.01, *** p<0.001: vs control period.

Fig. 1. Volume-time curves obtained at rest during control conditions 

and after administration of nitroglycerin. Nitroglycerin produced a decrease 

in early diastolic filling and an increase in late diastolic filling.
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Fig.2. Volume-time curves obtained at rest during control conditions 

and after administration of diltiazem. Diltiazem caused an increase in early 

diastolic filling.

Table III. Effect of Nitroglycerin on Regional Filling Dynamics

Abbreviations: REFR=regional early-filling rate; RLFR=regional late-filling rate.

Values represent mean•}SD.

* p<0 .05, ** p<0.01, *** p<0.001: vs control period.

sec/m2, while the mid-filling rate was unchanged. Examples of left ventric-

ular filling curves obtained at rest and after diltiazem are presented in Fig .

2. After diltiazem the early-filling rate increased from 127•}54 to 166•}

60ml/sec/m2, while the mid-filling rate and late-filling rate remained un-
changed.

3. Left ventricular regional filling dynamics (Tables III and IV)
Regional filling dynamics after administration of nitroglycerin and
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Table IV. Effect of Diltiazem on Regional Filling Dynamics

Abbreviations: REFR=regional early-filling rate; RLFR=regional late-filling rate.

Values represent mean•}SD.

* p<0 .05, ** p<0.01, *** p<0.001: vs control period.

diltiazem are shown in Tables III and IV. After nitroglycerin, the regional 

early-filling rate in normokinetics areas (12 anterior, 12 apical and 12 in-

ferior) decreased significantly from 974•}568 to 756•}544mm2/sec/m2 (p<

0.001) and those in mild hypokinetic areas (6 anterior, 4 apical and 7 inferior) 

and severe hypokinetic areas (4 anterior, 6 apical and 3 inferior) also de-

creased, but not significantly. The regional late-filling rate increased signi-

ficantly in all areas. On the contrary, after diltiazem, the regional early-

filling rate in mild hypokinetic areas (12 anterior, 8 apical and 11 inferior) 

increased from 407•}321 to 641•}513mm2/sec/m2. Those in normokinetic 

areas (20 anterior, 12 apical and 16 inferior) and severe hypokinetic areas 

(3 anterior, 12 apical and 2 inferior) increased, but not significantly. The 

regional late-filling rate in all areas remained unchanged.

DISCUSSION

Recently, the study of the diastolic phase in various types of heart dis-

ease has been considered to be of special importance in the assessment of left 

ventricular funetion.3) Diastolic filling rates obtained by radionuclide meth-

ods have been reported for coronary artery disease patients at rest and during 

exercise.14),15) Hammermeister and Warbasse have shown a reduced peak 

filling rate at rest in a group of patients with coronary artery disease using 

contrast angiography.16) There are important differences between contrast 

left ventriculography and radionuclide ventriculography. Filling rates de-

termined by the radionuclide method are not true volume rates but instead, 

quantitate filling by changes in the number of end-diastolic counts per unit 

of time. Furthermore, since the diastolic period in the radionuclide studies 

include the isovolumic relaxation period, this may result in a false reduction
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in left ventricular filling during the first one third of the diastolic phase.
The result of this study indicated that, after nitroglycerin, left ven-

tricular systolic pressure, left ventricular minimal pressure, left ventricular 
end-diastolic pressure, end-diastolic volume and end-systolic volume de-
creased. These actions of nitroglycerin suggest an effect of systemic venous 
vasodilation and, consequently, a reduction in left and right ventricular 

preload. These findings are consistent with prior observations which have 
shown that a downward displacement of the left ventricular diastolic pres-
sure-volume relation occurs during vasodilator therapy.17),18) Peak positive 
dp/dt and peak left ventricular systolic pressure/end-systolic volume ratio, 
indexes of contractility,19) remained unchanged. Furthermore Tc, an index 
of relaxation, was not significantly altered, while the early-filling rate de-
creased, particularly in the normokinetic area, and the late-filling rate in-
creased. Thus, changes in contraction and relaxation do not appear to 
constitute the major explanation for the decrease in the early-filling rate and 
increase in the late-filling rate observed after nitroglycerin. Further, changes 
in regional filling rates occurred in the normokinetic area perfused by a nor-
mal coronary artery rather than in the mild or severe hypokinetic area. 
Therefore, the observed filling dynamics after nitroglycerin may result not 
from changes in active contraction and relaxation, but from changes in load-
ing conditions, that is, preload reduction. And increase in the late-filling 
rate seems to be a compensatory mechanism.

We also demonstrated that, after diltiazem, left ventricular systolic 

pressure decreased slightly but significantly, and there was a small but signi-
ficant increase in end-diastolic volume , resulting in an increase in ejection 
fraction. Although peak positive dp/dt, peak left ventricular systolic pres-
sure/end-systolic volume ratio and Tc were unaltered , diltiazem increased 
the early-filling rate. Further, we observed a definite improvement of re-

gional filling dynamics in the mild hypokinetic area perfused by a stenosed 
coronary artery, although there was no significant effect of diltiazem in nor -
mokinetic and severe hypokinetic areas. This recovery of regional filling 
dynamics in the mild hypokinetic area improved global early diastolic filling, 
resulting in an increase in filling volume. Therefore, an increase in filling 
volume could derive from the effects of diltiazem on left ventricular filling, 
producing an increase in end-diastolic volume.

It cannot be ascertained from our study whether diltiazem had no 
salutary effect on global relaxation or whether such an effect on global re-
laxation was present but was masked by other actions of the drug . Since 
the time constant of relaxation also depends on left ventricular loading condi -
tions,20),21) Tc may be modulated by diltiazem-induced changes in end-
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systolic pressure and end-diastolic volume. However, as shown in our study, 
the changes in loading condition after diltiazem appeared to be minor. Fur-
thermore, some investigators reported that in patients with coronary artery 
disease the rate of decrease in isovolumic pressure, an index of global relaxa-
tion, may underestimate the severity of a local impairment in relaxation.22) 
Therefore, the effects of a therapeutic intervention on left ventricular diastolic 

properties should have been estimated by using an analysis of regional re-
laxation.

Although the precise direct effect of diltiazem on left ventricular filling 
dynamics cannot be definitely ascertained from these preparations, several 
mechanisms may explain the improvement in left ventricular diastolic early 
filling after diltiazem. The most important indirect effect of a calcium 
channel blocking agent is a baroreceptor-mediated reflex which increases 
beta adrenergic tone in response to the systemic vasodilation produced by 
these drugs, resulting in both an increase in heart rate and augumentation 
of myocardial contractility.23) However, the findings of our study do not 
appear to support a baroreceptor-mediated positive inotropic effect, because 
there were no significant changes in peak positive dp/dt, peak left ventricular 
systolic pressure/end-systolic volume ratio, heart rate and end-systolic volume 
after diltiazem.

Animal studies demonstrated that diltiazem has potent effects on the 
coronary circulation and results in increased coronary blood flow,4) thereby 
improving ischemia-induced changes in cardiac muscle inactivation and 
compliance. Furthermore, myocardial relaxation and early diastolic filling 
might be thought to be partly due to the ability of the sarcoplasmic reticulum 
to take up calcium.24) Several studies suggest that calcium slow channel 
blocking agents alter diastolic filling properties of the left ventricle in patients 
with cardiomyopathy.6),7) Therefore, it is possible that the observed im-

provement in impaired left ventricular filling during treatment with diltiazem 
may be related in part to a reduction of calcium influx via the slow channel.

In summary, we studied the effect of diltiazem and nitroglycerin, anti-
anginal agents, on left ventricular relaxation and filling in patients with 
coronary artery disease. Nitroglycerin administration caused a decrease in 
early filling, particularly in the normokinetic area, and a compensatory in-
crease in late filling. These effects may be due to left ventricular preload 
reduction. To the contrary, diltiazem administration caused significant 
improvement of left ventricular early filling in the mild hypokinetic area. 
The improvement in filling dynamics observed after diltiazem is unlikely to 
be due solely to left ventricular systolic unloading. The relief of subendo-
cardial ischemia related to coronary vasodilation or the prevention of calcium
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influx may possibly contribute to the beneficial effects of diltiazem on left 

ventricular filling. Thus, diltiazem could relieve local myocardial dysfunc-

tion secondary to a stenosed coronary artery during the left ventricular filling 

period, resulting in clinical improvement in patients with coronary artery 
disease.
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