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Summary advanced to the abdominal aorta and rieht atrium. Phasic and 

To compare the hemodynamic effects of isoproterenol, dopa- 
mine, and dobutamine in the immature animal, each drug was 
infused into anesthetized open chest puppies and cardiac output 
was measured, as were systemic arterial blood pressure, heart 
rate, and renal artery blood flow. 

Cardiac output was increased by dopamine and dobutamine. 
Isoproterenol caused a significantly greater increment of heart 
rate than either of the other agents to achieve a similar change of 
cardiac output. 

Systemic arterial mean blood pressure was increased by dopa- 
mine and dobutamine, but decreased by isoproterenol. 

Dopamine produced a significant increase of renal artery blood 
flow while renal artery blood flow was unchanged by dobutamine 
and decreased by isoproterenol. 

Speculation 

Dopamine and dobutamine may have potential advantages over 
isoproterenol in augmenting cardiovascular function in young an- 
imals. 

Isoproterenol is the inotropic agent used most commonly for 
treatment of cardiogenic shock in children. Although dopamine 
and dobutamine have been shown to be superior to isoproterenol 
for therapy of cardiogenic shock in adults (1-4, 9, 11, 14-16, 
20-24.27-32,34), there have been few studies of the hemodynamic 
effects of these newer sympathomimetic amines in the newborn or 
young animal. The purpose of this study was to determine the 
response of the neonatal dog cardiovascular system to dopamine 
and dobutamine and compare these responses to those produced 
by isoproterenol. 

MATERIAL AND METHODS 

EXPERIMENTAL PREPARATION 

Q 

mean central aortic blood pressure was measured using a Statham 
P23db pressure transducer connected to the aortic catheter. Pulsed 
range-gated ultrasonic doppler flow probes were placed around 
the ascending aorta through a midline thoracotomy and around 
the left renal artery through a laparotomy. After applying the flow 
probes, the edges of the wounds were approximated and the 
preparation was covered with moist sponges and a plastic sheet. 
Body temperature was maintained at 36-37OC with heating pads 
and lights. Arterial blood gases were measured at the completion 
of instrumentation and before infusion of each drug. Acid-base 
balance was maintained by either adjusting the respirator or by 
infusion of sodium bicarbonate. The preparations were allowed to 
equilibrate for 45-60 min after instrumentation. 

When a steady state was attained, either isoproterenol, dopa- 
mine, or dobutamine was infused through the femoral venous 
catheter using a Haward infusion pump.-~rugs were diluted in 
5% dextrose and water and infused at a rate ranging from 0.007- 
0.19 cc/min. Thus, during any drug infusion the volume of fluid 
infused was less than or equal to the volume of natural fluid 
losses. Dopamine and dobutamine were infused at doses of 2, 5, 
10, 20, and 50 &kg/min and isoproterenol at doses of 0.05, 0. I, 
0.25, 0.5, and 1.0 pg/kg/min. Infusion of each drug was begun at 
the lowest dose and continued for 10 min before increasing the 
dose. Two drugs were tested in each preparation and the order of 
drug administration was reversed in each experiment. Phasic and 
mean central aortic blood pressure, phasic and mean velocity of 
aortic blood flow, phasic and mean velocity of renal artery blood 
flow, heart rate and the ECG were continuously recorded on a 
Brush recorder model 260. Right atrial mean blood pressure was 
recorded intermittently during the drug infusion. Heart rate was 
measured from the ECG. 

The percent of change from control was determined for each 
variable and used for comparing responses. The percent of change 
from control of systemic and renal vascular resistance was calcu- 
lated by dividing the percent of change from control of the velocity 
of aortic or renal blood flow by the percent of change from control 
of systemic arterial mean blood The d a k  were statisti- 

Twenty-four puppies, ranging in age from 3-65 days (mean 19 cally analyzed Student,s test. * 3 SEM) and in weight from 300-2440 g (mean 948 f 136) were 
used for this study. They were selected without preference to breed 

BLOOD FLOW MEASUREMENT 
or sex. - -  -~ 

The animals were anesthetized with sodium pentobarbital 30 
mg/kg ip. Tracheostomy was performed and ventilation was 
controlled using a Harvard model 606 animal respirator. Supple- 
mental oxygen was administered via the respirator to maintain 
arterial PO2 greater than 100 mg Hg. A tidal volume of 7-10 cc/ 
kg was used. A standard limb lead of the ECG and rectal 
temperature were monitored continuously. The tips of polyethyl- 
ene catheters were placed into the femoral artery and vein and 

Changes in blood flow were evaluated using an ultrasonic 
range-gated pulsed Doppler flowmeter designed in our laboratory 
for use on small vessels (17, 19). In contrast to the continuous 
wave Doppler technique developed by Franklin et al. (7), the 
pulsed technique allows a single ultrasonic crystal to serve as both 
transmitter and receiver. A relatively high ultrasonic frequency of 
20 MHz produces sufficient scattering or reflection from blood 
cells to permit the use of ultrasonic crystals with areas less than 1 
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mm'. Low profile flow probes can, thus, be constructed with RESULTS 
lumens as small as 1.0 mm. 

The flow probes used in this study varied in size from 1-8 mm 
inside diameter. The probes were constructed using a "C" shaped 
epoxy body into which a blood vessel can be introduced. The 
single ultrasonic crystal was secured in a notch such that the sound 
beam entered the vessel at an angle of approximately 45". 

In a continuous wave or pulsed Doppler instrument the rela- 
tionship between the Doppler shift frequency (Af) and the velocity 
(V) of the blood is given by the equation: 

v 
~ f =  2 f0-cose 

C 

where f, is the ultrasonic frequency (20 MHz), c is the speed of 
sound (1.5 x 10km/sec), and B is the angle between the sound 
beam and the vessel axis (- 45"). Because f,, c, and Bare constant, 
Af is directly proportional to the velocity of blood flow. 

The pulsed Doppler receiver is range-gated allowing flow to be 
sensed at a selected distance from the ultrasonic crystal. In use, 
the range control was adjusted to record the highest velocity of 
blood flow that occurs near the center of a blood vessel. Under 
these conditions the probes can be calibrated against volume flow 
by cannulating the vessel distal to the probe and recording the 
instrument output as the emuent blood is time collected. Two 
representative calibration curves are shown (Fig. I). Blood flow 
(ml/min) is related linearly to Doppler shift frequency (kHz). 

In this study, the change in flow as opposed to absolute volume 
flow was the major interest. Thus, zero stability, linearity, and 
reproducibility are more important than the scale factor relating 
the Doppler frequency shift to volume flow. Because it was not 
possible to calibrate every probe each time it was used, the flow 
data will be presented in terms of the Doppler frequency shift. 
The accuracy of the instrumentation in determining frequency 
shifts was verified by injecting signals of a known frequency using 
a Wavetek model 144 signal generator and a Monsanto model 
IOOB frequency counter. Because zero Doppler frequency shift 
corresponds absolutely to zero flow, the zero stability was verified 
periodically by switching off the audio input to the frequency 
counting circuitry of the pulsed Doppler. The nominal sensitivity 
of the pulsed Doppler is 0.25 volts/KHz of the Doppler shift. The 
output is bidirectional so that any flow reversals are properly 
displayed. A multichannel version allows flow to be evaluated in 
several vessels simultaneously without interference (18). 

r 1 mm Probe 

Volume Flow mllmin 

Volume Flow mllmin 
Fig. 1. In vivo calibration of a I mm (top) and 3.5 mm (bottom) internal 

diameter pulsed range-gated ultrasonic ~ o ~ ~ l e r  flow probe. Volume flow 
(abscissa) was measured by the timed volume collection technique and 
recorded simultaneously with mean Doppler shift (ordinate) at different 
levels of flow. 

Isoproterenol significantly reduced systemic arterial mean blood 
pressure from control (P < 0.05) and increased heart rate (P  < 
0.05; Fig. 2). Cardiac output was unchanged from control by 
isoproterenol while renal artery blood flow was decreased signifi- 
cantly (P  < 0.05; Fig. 2). Whereas isoproterenol did not affect 
systemic vascular resistance, renal vascular resistance increased 
from control (P  < 0.1) at 0.5 and 1 pg/kg/min of isoproterenol 
(Fig. 3). 

Dopamine significantly increased systemic arterial mean blood 
pressure from control (P  < 0.05) and increased heart rate (P  < 
0.05; Fig. 2). Cardiac output was increased from control by 
dopamGe (P  < 0.1; dose =-lo and 50 pg/kg/min; Fig. 2). ~ e n i l  
artery blood flow was increased from control (P < 0.05 and P < 
0.1) at 5, 10, 20, and 50 pg/kg/min of dopamine (Fig. 2). Dopa- 
mine increased systemic vascular resistance (P  < 0.05 and 0.1) at 
high doses (20 and 50 pg/kg/min) whereas renal vascular resist- 
ance was unchanged from control at all doses of dopamine (Fig. 
3). 

Dobutamine increased systemic arterial mean blood pressure 
from control (P < 0.1) at 20 pg/kg/min and increased heart rate 
(P < 0.05; Fig. 2). Cardiac output was increased from control by 
dobutamine (P < 0. I) at 50 pg/kg/min whereas renal artery blood 
flow was unchanged from control at all doses of dobutamine (Fig. 
2). Whereas dobutamine did not effect systemic vascular resist- 
ance, renal vascular resistance increased from control (P  < 0.1) at 
20 and 50 pg/kg/min of dobutamine (Fig. 3). 
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Fig. 2. Comparison of the cardiovascular response of puppies ages 3- 
65 days (mean = 19 f 3 days) to three inotropic agents: isoproterenol, 
dopamine, and dobutamine. Asterisks indicate significant changes from 
control for each drug tested. 
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At the dose of each of the three drugs that resulted in a lo% 
mean increase from control of cardiac output, heart rate was 
increased significantly more by isoproterenol than by either do- 
~ a m i n e  or dobutamine; central aortic mean blood pressure was 
increased significantly more by dopamine and dobitamhe than 
by isoproterenol; and renal artery blood flow was decreased by 
isoproterenol and unchanged by dobutamine, but was increased 
by dopamine (Fig. 4). 

At the dose of each of the three drugs that resulted in a 20% 
increase from control in heart rate, cardiac output was increased 
by dopamine and dobutamine, but was unchanged from control 
by isoproterenol; renal artery blood flow was increased by dopa- 
mine, but was decreased from control by isoproterenol and un- 
changed from control by dobutamine; and central aortic mean 
blood pressure was increased more by dopamine than by dobu- 
tamin; or isoproterenol (Fig. 5). 

Control arterial mean blood pressure and heart rate were similar 
for each group of experiments (Table I). Right atrial mean blood 

lsoproterenol l ~~glKglmin 

Fig. 3. Comparison of the response of systemic and renal vascular 
resistance of puppies ages 3-65 days (mean = 19 + 3 days) to isoproterenol, 
dopamine, and dobutamine. Asterisks indicate significant changes from 
control for each drug tested. 
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Fig. 4. Comparison of the response of heart rate, renal artery blood 
flow, and aortic blood pressure in puppies ages 3-65 days (mean = 19 + 
3 days) to isoproterenol, dopamine, and dobutamine. The dose of each 
drug selected for comparison is that dose at which cardiac output was 
increased 10% from control. Asterisks indicate significant differences be- 
tween isoproterenol and dopamine or isoproterenol and dobutamine. 
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Fig. 5. Comparison of the response of cardiac output, renal blood flow, 
and aortic blood pressure in puppies ages 3-65 days (mean = 19 + 3 days) 
to isoproterenol, dopamine, and dobutamine. The dose of each drug 
selected for comparison is that dose at which heart rate was increased 20% 
from control. Asterisks indicate significant differences between isoproter- 
en01 and dopamine, or isoproterenol and dobutamine. 

Table 1. Control values, allpuppies' 

Mean BP Heart rate 
(mm Hg) (beat/min) 

Dopamine 43 & 6 181 f 7 
Dobutamine 43 rt 5 185 & 8 
lsoproterenol 37 + 4 186 k 9  

' Mean f SEM 

pressure was unchanged from control during the drug infusions. 
Control hematocrit averaged 35%. 

DISCUSSION 

Important differences of the hemodynamic effects of isoproter- 
enol, dopamine and dobutamine in anesthetized puppies have 
been shown. Whereas cardiac output was increased (P < 0.1) from 
control at the highest dose of dopamine and dobutamine tested, 
cardiac output was increased only slightly by isoproterenol at the 
highest dose tested. Isoproterenol produced a greater increment of 
heart rate than eithe; dopamine or dobu tk ine  to achieve a 
similar increase (10%) of cardiac output. Indeed, when the change 
in cardiac output was normalized to a 20% increase in heart rate, 
cardiac output was slightly reduced by isoproterenol. Because 
myocardial efficiency decreases as the ratio of heart rate to cardiac 
output increases, the marked chronotropic effect of isoproterenol 
may be detrimental to myocardial function (16). 

In this study, systemic arterial mean blood pressure was in- 
creased more by dopamine than by dobutamine whereas systemic 
arterial mean blood pressure actually was decreased by isoproter- 
enol. Similarly, while dopamine increased systemic vascular re- 
sistance, systemic vascular resistance was unchanged from control 
by dobutamine and isoproterenol. The effect of dopamine upon 
blood pressure and systemic vascular resistance can be explained 
by the drug's a-adrenergic effect, particularly at moderately high 
and high doses (>lo pg/kg/min) (I 1). Isoproterenol and dobutam- 
ine have little, if any, a-adrenergic effect. 

Renal artery blood flow was increased consistently by dopa- 
mine, but was unchanged by dobutamine and decreased by iso- 
proterenol. The marked increase of renal blood flow produced by 
dopamine has been attributed to selective "dopaminergic" recep- 
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tor stimulation in the kidney leading to reduced renal vascular 
resistance. This dopaminergic effect can be blocked by haloperidol 
(10-12, 25, 26, 28, 35). In this study, however, renal vascular 
resistance was unchanged by dopamine suggesting that changes in 
renal blood flow reflected changes of blood pressure and cardiac 
output rather than a selective reduction of renal vascular resist- 
ance. 

Isoproterenol is a direct PI and Pa-adrenergic agonist. It has 
chronotropic, inotropic, and peripheral vasodilatory effects. Be- 
cause of the generalized vasodilatory effect, blood flow may 
decrease to vital areas such as the kidney, mesentery, and brain 
because of preferential increase of blood flow to muscle and skin 
(13, 16). 

Dopamine is a direct and indirect PI-adrenergic agonist (10, I I, 
28). At moderately high and high doses (>lOpg/kg/min) it has 
peripheral a-adrenergic effects (10). In adult animals, at low and 
moderate doses (2- 16 pg/kg/m&), its dopaminergic effect causes 
decreased renal, splanchnic, coronary, and cerebral vascular re- 
sistance (10-12, i5, 26, 28, 35). T ~ S ,  as dopamine augments 
cardiac output, blood flow is increased preferentially in vital 
vascular beds. It has been demonstrated previously that the iso- 
lated myocardium of young puppies is relatively insensitive to the 
inotropic effect of dopamine (5). The authors speculated that this 
insensitivity was a function of decreased levels of releasible nor- 
epinephrink in the ventricular myocardium of young puppies (8). 
Des~i te  the relative insensitivitv of the isolated mvocardium to 
dopamine, the intact cardiovascular system is responsive to this 
drug even in puppies. This suggests that the cardiovascular system 
of the intact animal may be more sensitive to the direct PI- 
adrenergic effects of dopamine than the isolated myocardium or 
that norepinephrine released from extracardiac sympathetic nerves 
may increase myocardial contractility. However, the response of 
cardiac output in puppies to isoproterenol, dopamine, and dobu- 
tamine is less marked than the response of adult dogs to these 
sympathomimetic agents (6). Indeed, when we examined the 
response of very young puppies (less than 10 days old), these 
drugs produced no significant change in cardiac output. Systemic 
arterial blood pressure, heart rate, and renal blood flow, however, 
changed in a similar manner in both very young puppies and 
adult dogs (6). 

Tuttle and Mills (33) synthesized dobutamine in an attempt to 
find an inotropic agent with the PI-adrenergic but without the Pa- 
adrenergic action of isoproterenol and without the a-adrenergic 
activity of dopamine. The results of this study are consistent with 
those of others who found dobutamine to have an inotropic effect 
with less chronotropic effect than isoproterenol and less hyperten- 
sive effect than dopamine (2, 9, 21, 22, 27, 31). 

Based upon the results of this study, dopamine and dobutamine 
possess potential therapeutic advantages over isoproterenol in 
augmenting cardiac output and maintaining or increasing renal 
artery blood flow in young animals. 
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