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SUMMARY

Acute hemodynamic changes induced by two beta-blocking 
agents, bunitrolol and propranolol, in patients with ischemic heart 
disease were studied.

Besides possessing negative chronotropic and inotropic effects 
which were demonstrated by decreased heart rate (HR), cardiac 
index (CI) and double product (DP) of the heart, propranolol sig-
nificantly increased systemic vascular resistance (SVR, 12%, p<
0.05) and the time constant of left ventricular (LV) isovolumic 

pressure fall (T, 10%, p<0.01). With bunitrolol, no significant 
changes were observed in indexes reflecting chronotropic and in-
otropic states of the heart, and CI and DP were essentially un-
changed. Only LV systolic pressure (-5%, p<0.01), LV end-
diastolic pressure (EDP, -17%, p<0.01) and T (-10%, p<0.05) 
decreased significantly. Systemic vascular resistance (SVR) de-
creased, though insignificantly.

Myocardial oxygen supply-demand balance in the resting state 
was not improved by propranolol as evidenced by the fact that CI 
decreased in proportion to the decline in DP. In contrast, is-
chemia at rest was apparently improved by bunitrolol because LV 
wall stress decreased due to the reduction in LV volume which was 
suggested by the decline in LV systolic pressure and LVEDP while 
CI remained constant. Improvement of the time constant T might 
be strong evidence of relief from ischemia.

Bunitrolol might be effective even in patients with overt heart
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failure, especially that due to ischemic heart disease because of its 

lack of negative inotropic action and its ameliorating effect on is-

chemia at rest.

Additional Indexing Words: 

Bunitrolol Beta-blocking agent Ischemic heart disease 

Myocardial oxygen supply-demand balance

ETA-BLOCKING agents are widely used for the treatment of ischemic 
heart disease and high blood pressure. However, untoward side effects 

of these agents such as heart failure, decreased coronary blood flow and 
increased myocardial oxygen demand due to dilatation of the left ventricle 
secondary to the negative inotropic and chronotropic actions of these drugs 
are sometimes observed.

Bunitrolol (Ko 1366, Boehringer Ingelheim, West Germany) is a very 

potent nonselective beta-blocking agent in terms of its ability to antagonize 
the chronotropic and inotropic effects of isoproterenol.1)-3) Furthermore, 
moderate but consistent positive chronotropic and inotropic effects, i.e. ISA, 
at relatively low dosage in the resting state3) and potent vasodilator action2),3) 
have also been reported and these characteristics favor its use in the treat-
ment of hypertension. The mechanisms of the vasodilator action have not 
been clarified as yet, but selective alpha-1 blocking activity4) and Ca++ 
antagonist activity5) have been reported recently.

Bunitrolol is also effective in exercise induced ischemia because of its 
strongly antagonistic activity to sympathetic nerve stimulation,6) but there 
have been very few actual hemodynamic assessments of this unique beta-
blocking agent in patients with ischemic heart disease.7),8) The purpose of 
this study is to assess the actual hemodynamic effects of bunitrolol in patients 
with ischemic heart disease and to clarify the differences between those of 

propranolol.

PATIENTS AND METHODS

Using a protocol approved by the Human Subjects Ethical Committee 
of Tokyo University Hospital, we studied 17 patients with ischemic heart 
disease. All patients were referred for cardiac catheterization, including 
coronary cineangiography, because of chest pain and/or positive exercise 
tolerance test; a greater than 75% stenosis in at least one major coronary 
artery was documented in all cases. Administration of drugs such as nitrates, 
beta-blockers and Ca++ antagonists was stopped the morning before patients 
had catheters inserted. After informed consent had been obtained, patients
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were premeditated with 10mg diazepam. Catheterization of the right and 

left sides of the heart was performed via either the brachial or femoral 

approach under local lidocaine anesthesia.

After routine diagnostic catheterization, 15min were allowed for recovery 

from the effects of injected contrast material. A 7F balloon-tip thermodilu-

tion catheter (Gould Inc., Calif.) was advanced into the pulmonary artery 

and connected to a Statham P23 DI pressure transducer (Gould Inc.). A 

7F Millar-micromanometer tipped catheter (Millar Inc., Texas) was also 

advanced into the left ventricle. Measurements of cardiac output by thermo-

dilution were performed in triplicate using a Fukuda Denshi EH-11 thermo-

dilution computer (Fukuda Denshi Ltd., Tokyo). Signals were amplified 

by a Sanei Sokki 146 polygraph system (Nihon Denki Sanei, Tokyo) and 

stored on magnetic tape by a data recorder A-49 (Sony Magnescale Inc., 

Tokyo). Signals were also recorded on a Mingograf ink jet recorder (Erma-

Schonander, Sweden). Stored data were analyzed by a DEC LSI 11/2 

microcomputer system (Digital Equipment Co., Massachusetts).

Using this system, heart rate (HR), right atrial pressure (RAP), pul-

monary wedge pressure (PCW), aortic pressure (AOP) and left ventricular 

systolic (LVSP) and end-diastolic pressure (LVEDP) were obtained. Para-

meters derived from left ventricular pressure such as LV dp/dt, LV dp/dt/p, 

LV(-)dp/dt and the time constant of left ventricular isovolumic pressure 

fall (T) by Weiss's method,9) were calculated by computer. However, in 

the event that the micromanometer tipped catheter could not be advanced 

into the left ventricle these parameters were not obtained.

Systemic vascular resistance (SVR) in dynes•Esec•Ecm-5 was calculated by 

the following formula: [(MAP-RAP)/CO]•~80. Double product (DP) of 

the heart in mmHg/min was calculated by the following formula: HR•~

LVSP, where MAP and CO are mean aortic pressure and cardiac output, 

respectively.

After control measurements were done, either 5mg bunitrolol (9 patients) 

or 20mg propranolol (8 patients) were slowly administered intravenously. 

No serious side effects were observed in either group, and 10min later the 

hemodynamic measurements were repeated.

We compared measurements before and after bunitrolol or propranolol 

administration, using Student's t-test for paired data, and between the effects 

of two drugs, using Student's t-test for unpaired data. Values are expressed 

as means•}SD.
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RESULTS

Effects of bunitrolol (Table I)
Following administration of bunitrolol, LVSP, LVEDP and T decreased 

significantly. HR, CI, DP, LV dp/dt, LV dp/dt/p and LV(-)dp/dt were

Table I. Hemodynamic

LAD=anterior descending branch of coronary artery; CX=circumflex branch; RCA=right 
coronary artery; RA=ramus medianus; LMT left main trunk. Greater than 50% stenosis in 
LMT and more than 75% stenosis in other coronary arteries were documented. HR=heart rate;

Table II. Hemodynamic

Abbreviations are same as Table I.
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not changed. SVR tended to decrease, though insignificantly.
Effects of propranolol (Table II)
HR, CI, DP, LV dp/dt, LV dp/dt/p and LV(-)dp/dt fell significantly 

in the propranolol group. There were no significant changes in LVSP and 
LVEDP. SVR and T increased significantly.

Effects of Bunitrolol

LVSP=left ventricular peak systolic pressure; LVEDP=left ventricular end-diastolic pressure; 

CI=cardiac index; DP=double product; SVR=systemic vascular resistance; T=time constant 

of left ventricular isovolumic pressure fall. (b), (a): before and after administration of drug.

Effects of Propranolol
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Comparison between bunitrolol and propranolol (Fig.1)

Percent changes of these parameters induced by the two drugs differed 

significantly in HR(1.2•}6.1 vs -16.4•}10.4%, p<0.01), CI(-1.0•}10.7 vs



Vol.28 
No.3

 BUNITROLOL ON ISCHEMIC HEART DISEASE 373

Fig.1. Comparison between bunitrolol and propranolol.

(A) Percent changes in heart rate (HR) and cardiac index (CI). B=

bunitrolol; P=propranolol; mean•}SEM. **p<0.01. (B) Percent changes 

in double product (DP), LV dp/dt and LV dp/dt/p. *p<0.05. Abbrevia-

tions are same as (A). (C) Percent changes in left ventricular end-diastolic 

pressure (LVEDP), systemic vascular resistance (SVR) and T. Abbreviations 

are same as (A).

-15 .2•}6.9%, p<0.01), DP(-3.4•}7.9 vs -17.1•}13.8%, p<0.05), SVR 

(-5.2•}8.9 vs 11.6•}10.2%, p<0.01), LV dp/dt(1.2•}6.7 vs -10.4•}6.9%, 

p<0.01), LV dp/dt/p(1.6•}9.6 vs -8.2•}9.4%, p<0.05), LV (-)dp/dt 

(-1.2•}5.8 vs -8.9•}4.4%, p<0.05), T(-4.0•}4.0 vs 10.4•}7.0%, p<0.01) 

and LVEDP(-17.3•}11.5 vs 23.7•}39.6%, p<0.01). In particular, HR and 

CI were significantly reduced in the propranolol group but unchanged in the 

bunitrolol group. Furthermore, LVEDP, SVR and T decreased in the buni-

trolol group but increased in the propranolol group.

DISCUSSION

In the pentobarbital anesthetized dog, bunitrolol was more than 10 

times more potent than propranolol2),3) in terms of its ability to antagonize 

the chronotropic and inotropic effects of isoproterenol. Slight but consistently 

positive inotropic action of this drug in relatively low doses (less than 100ƒÊg/kg) 

in the anesthetized dog was also reported.3) Studies in healthy human volun-
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teers showed that 2.5-3.0mg of bunitrolol was roughly equivalent in potency 

to 10mg of propranolol.8) Also, it was reported that up to 10mg of this drug 

had been administered intravenously to patients with ischemic heart disease 

or high blood pressure without any serious side effects .7),10) We administered 

a relatively low dose of bunitrolol intravenously, 5mg (65-100ƒÊg/kg) and 

compared the results with the acute effects of 20mg propranolol given 

intravenously.

Significant positive chronotropic and inotropic actions which were 

observed in animal experiments3) were not shown in this study in that buni-

trolol demonstrated no apparent effects on myocardial contractility and 

cardiac output, and as a result myocardial oxygen demand-supply balance 

was not altered. Moreover, the fact that both left ventricular systolic and end-

diastolic pressures fell following drug administration suggested a decline in 

left ventricular volume secondary to afterload reduction. Subsequently
, 

ventricular wall stress fell, and considering that coronary flow was unaltered, 

myocardial ischemia should have been relieved through this mechanism.

Slight, though insignificant, increments in LV dp/dt and LV dp/dt/p 

suggested the possibility of enhanced left ventricular contractility through 

improved myocardial oxygen balance. These findings might also suggest 

the existence of positive inotropism of this beta-blocking agent, but which of 

these two possibilities is more likely remains to be determined.

The time constant T has been considered to be a good indicator of left 

ventricular relaxation properties, especially sensitive to changes in myocardial 

inotropic and ischemic states. Shortening of T may be attributed to improve-

ment of ischemia rather than to altered myocardial contractility in this case.

Decreased systemic vascular resistance contributed to left ventricular 

systolic pressure fall and afterload reduction. Recent studies reported that 

bunitrolol, with moderate ISA, might play a role in vasodilating peripheral 

vascular vessels.11) In addition to this action of bunitrolol, alpha-blocking4) 

and Ca++ antagonist actions5) were shown in animals; however, these were 

too weak to explain its vasodilator action, and the actual mechanisms remain 

unclear.

Intravenous propranolol at a dose of 20mg showed both significant nega-

tive chronotropic and inotropic actions in patients with ischemic heart disease. 

In proportion to the decline in double product, an index of cardiac oxygen 

demand and cardiac output also decreased to almost the same degree follow-

ing propranolol and systemic vascular resistance, which is roughly analogous 

to coronary vascular resistance, increased. Thus, the reduction in double 

product by propranolol might not be beneficial to the relief of myocardial 

ischemia in the resting state. Even the small increment in left ventricular



Vol.28 
No.3 

BUNITROLOL ON ISCHEMIC HEART DISEASE 375

end-diastolic pressure, which suggested dilatation of the left ventricle, indi-
cated a worsened myocardial oxygen balance. Prolongation of the time con-

stant T might be the summation of the effects of both direct negative inotropic 

action and worsened ischemia.

In conclusion, besides its effectiveness in exercise induced angina due to 

its potent negative chronotropic activity and hypotensive effects during exer-

cise,6)-8) bunitrolol is effective in relieving ischemia at rest without any deterio-

ration of cardiac contractility. This beta-blocking agent is safe enough to 

be administered to the aged and/or to patients with overt heart failure.

REFERENCES

1. Traunecker W, Haselbarth V, Bruckner S: Bunitrolol. in Pharmacology of Antihypertensive 
Drugs, ed by Scriabine A, Raven Press, New York, p303, 1980

2. Cheymol G, Honnorat C, Schmitt H: Pharmacological effects of two new beta adrenoreceptor 
blocking drugs: Ko 1366 and Ko 1313. Eur J Pharmacol 17: 341, 1972

3. Nayler WG, Tay J: Effect of 0-2-hydroxy-3-(tert. butylamino) propoxybenzonitrile HCL (Ko 
1366) on beta adrenergic receptors in the cardiovascular system. J Pharmacol Exp Therap 
180: 302, 1972

4. Hoki N, Kohei H, Kudaira H: Postosynaptic alpha 1-adrenoceptor blocking action of buni-
trolol, a beta-adrenoceptor blocking agent. Igaku to Yakugaku 8: 1781, 1982 (in Japanese)

5. Oyama Y, Ito H, Rokutanda M, Nishi K: Studies on Ca++ antagonistic actions of bunitrolol 

 (Ko 1366). J Kumamoto Medical Society 55: 191, 1981
6. Reybrouck T, Amery A, Fagard R, Billiet L: Haemodynamic response to graded exercise 

during chronic beta-adrenergic blockade with bunitrolol, an agent with intrinsic sympath-
mimetic activity. Eur J Clin Pharmacol 12: 333, 1977

7. Reale A, Nigri A, Gioffre PA: Evidence for improved cardiac performance after beta-
blockade in patients with coronary artery disease. J Int Med Res 4: 338, 1976

8. Miyahara M, Fujise Y, Osanai S, Takada T: Influence of the beta adrenergic blocking drug 
Ko 1366 on haemodynamics in healthy volunteers and patients with ischemic heart disease. 

Jpn Heart J 15: 455, 1974
9. Weiss JL, Frederiksen JW, Weisfeldt ML: Hemodynamic determinants of the time course 

of fall in canine ventricular pressure. J Clin Invest 58: 751, 1976
10. Klempt HW, Bender F: Kreislaufwirungen des neuen Beta Rezeptoren-blockers Ko 1366 

(Bunitrolol). Arzneim Forsch 23: 1064, 1973
11. Tsukiyama H, Otsuka K, Hatori Y, Horii M: Decreased cardiosuppressive effects of beta-

blocking agents in uncomplicated hypertensive patients with low cardiac output (abstr). 
Cardiovascular Pharmacotherapy International Symposium, Geneva, Switzerland, 1985


