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Bretylium tosylate, a benzyl quaternary 
ammonium compound, was introduced in 
1959 as a systemic arterial hypotensive agent 
(1).  However, recently it has been used as a 
cardiac antiarrhythmic drug (2, 3 ) .  Knowl- 
edge of the action of this agenit on the pulmo- 
nary arterial circulation is limited, and the 
effects of the drug on the pulmonary veins 
have not even been studied. While investigat- 
ing the circulatory effects of bretylium given 
intravenously in man, Taylor and Donald 
(4) noted an increase in pulmonary arterial 
pressure unaccompanied by changes in pul- 
monary capillary wedge pressure. Systemic 
hypertension also followed for a few minutes 
the intravenous administration of bretylium. 
Halmagyi and Colebatch ( 5 )  studied aspects 
of the effects of bretylium on the pulmonary 
arterial circulation in sheep and found, in 
addition to an initial increase in pulmonary 
arterial pressure, an increase in pulmonary 
capillary wedge pressure. They were of the 
opinion that mild hypoxemia mightt have 
been responsible for the pulmonary arterial 
hypertension, McGaff and Leight (6) studied 
the effects of bretylium on the pulmonary 
arterial circulation of dogs and found that 
there was an increase in pulmonary arterial 
pressure without a significant rise in pulmon- 
ary capillary wedge pressure, left atrial pres- 
sure, or pulmonary blood volume. The 
mechanism for the pulmonary hypertension 
has remained obscure. 

The following investigation was undertaken 
to define the effects of bretylium on the 

1 Supported by grants HE-06769 from the Nation- 
al Heart Institutes of the US. Public Health Service, 
the Rudolph Matas Memorial Fund for the 
Kate Prewitt Hess Laboratory and the Rowel1 A. 
Billups Fund for Research in Heart Disease. 

pulmonary veins and to determine if the 
small pulmonary veins play a role in the 
production of the pulmonary arterial hyper- 
tensive response to the drug. This study was 
considered especially important since no oth- 
er investigations have considered the direct 
effecits of the drug on the pulmonary veins. 
Previous investigators measured only pulmo- 
nary capillary wedge pressure which may or 
may not reflect satisfactorily pulmonary 
venous pressure (7-9). 

Materials and Methods. Nine adult mon- 
grel dogs (av wt, 17.6 kg) were lightly anes- 
thetize'd with urethane (1.5 g/kg). The 
trachea was intubated and a small polyethy- 
lene catheter was placed in the endotracheal 
tube for administration of 100% oxygen (2-3 
liters/min) . Under fluoroscopic control, 
catheters were placed in the left atrium, 
small left lower pulmonary vein, pulmonary 
artery, right atrium, and aorta, as described 
in detail elsewhere (10). The small pulmon- 
ary vein catheter has not been found to ob- 
struct venous flow sufficiently to interfere 
with experimental results (1 1).  Following 
placement, the catheters were connected to 
P23Db Sitatham transducers, and pressures 
were recorded simultaneously on an Electron- 
ics for Medicine oscilloscopic recorder. Cardi- 
ac output and pulmonary blood volume were 
determined by the indicator dilution technique 
using indocyanine green (Cardiogreen) 
( 1 2 ) .  Pulmonary mean transit time (PMTT) 
was calculated according to the formula: 

where M T T  is mean transit time, RA is right 
atrium, LA is left atrium and PA is pulmon- 
ary artery. This method h q  been found to bte 
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reliable and reproducible in our laboratory 
( 1 2 ) .  Systemic vascular resistance and total 
pulmonary vascular resistance were calcu- 
lated by the standard method and expressed 
in resistance units. Pulmonary venous resist- 
ance, also expressed in resistance units, was 
calculated according to the formula: 

PV, - - P I ,  

co Pulmonary venous resistance = 

where P,, is pressure (mm Hg) in the small 
pulmonary vein, PI, is pressure (mm Hg) in 
the left atrium, and CO is cardiac output 
(liters/min) . 

When the dogs were in a “steady state,” as 
determined by relatively constant pressures 
and cardiac output for 10 to 15 min, bretyli- 
um tosylate (150 mg) was rapidly injected 
through the right atrial catheter. Pressures 
were then recorded simultaneously and con- 
tinuously except f.or brief interruptions a t  5, 
10, 15, 30, and 60 m h  for the indicator 
dilution studies. 

Results. The results, summarized in Fig. 1, 
were essentially the same for all dogs. 

Immediately following injection of bretyli- 
urn, the pressure in the femoral artery de- 
creased markedly, but within 5 rnin rose to 
above control levels (Fig. 1). This response 
in the femoral artery pressure occurred in 
every dog. The  pressure in the femoral artery 
then declined slowly throughout the period 
of observation. The pulmonary artery pres- 
sure increased immediately after the injection 
of bretylium, returned to control levels, in- 
creased again a t  15 min and (then declined 
steadily (Fig. 1). The  pressure in the left 
atrium decreased significantly a t  10 min and 
continued to do so throughout the experimen- 
tal period. Pressure recorded in the small 
pulmonary vein did not change significantly. 
Heart rate increased immediately after injec- 
tion and remained above control levels 
throughout the study. Cardiac output in- 
creased markedly immediately after Ithe in- 
jection of bretylium but returned to control 
levels by 10 min and remained there. Pulmo- 
nary blood volume did not change significant- 
ly during the experimental period. The pul- 
monary venous resistance increased signifi- 
cantly alt 60 min. Total pulmonary vascular 
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FIG. 1. Mean hemodynamic effects of bretylium 
tosylate (mean of 9 dogs). 

resistance decreased immediately following 
administration of bretylium, but returned to 
normal by 10 min and remained there 
throughout the experimental period. 

Discussion. As noted by others (4-6), the 
intravenous injection of bretylium resulted in 
a transient rise in systemic arterial and pul- 
monary arterial pressures. Our finding of no 
change or a decrease in pressure in the small 
pulmonary veins and left atrium or in the 
pulmonary blood volume supports lthe con- 
tention of Taylor and Donald (4) that the 
transient increase in the pulmonary arterial 
pressure is due to the constriction of small 
arterial vessels. Although the initial increase 
in pulmonary artery pressure and decrease in 
pulmonary vascular resistance were related 
to an increase in cardiac output, this increase 
in cardiac output played no major role in 
the production of the increase in pulmonary 
arterial pressure at 10 min since ‘the cardiac 
output had returned to normal by that time. 
After the initial “adrenergic” events had sub- 
sided, there was a progressive decline in the 
pulmonary ariterial and venous pressures and 
pressure in the left atrium, reflecting a gener- 



BRETYLIUM AND PULMONARY CIRCULATION 1155 

alized decrease in pulmonary vascular 
“tone.” The significant increase in the “cal- 
culated” value for pulmonary venous resist- 
ance noted a t  60 min was due to the rela- 
tively marked decrease in left atrial pressure. 
There may have been a localized relative 
constriction a t  the pulmonary vein-left atrial 
junction (13). 

As in all studies in which an anesthetic 
agent is used, the role of Ithe anesthetic agent 
in the observe’d changes must be considered. 
The initial “adrenergic” effects of bretylium 
would not be expected with urethane alone 
( 14). However, the gradual decreases in pres- 
sures seen during the first hour are partly 
due Ito urethane anesthesia. 

Summary. The effects of intravenous bre- 
tylium tosylate on the pulmonary circulation, 
including the small pulmonary veins, were 
studied in 9 intact dogs anesthetized with 
urethane. Bretylium produced a transient rise 
in femoral and pulmonary arterial pressures 
and in cardiac output and heart rate. The 
small pulmonary vein pressure did not 
change ; and, since pulmonary blood volume 
did not change, there was no significant 
change in pulmonary venous tone. I t  is con- 
cluded that the initial pulmonary hyperten- 
sive effects of intravenous bretylium are pri- 
marily due to constriction of small arterial 
vessels. 
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