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Abstract
The objective of the current study was to determine if the differentiation 
of aortic perfusion pressure (i.e. coronary perfusion pressure, CPdP/
dtmax) is a reliable index of the differentiation of left ventricular pressure 
(LVdP/dtmax) in isolated, Langendorff-perfused guinea pig hearts. 
Hearts weighing 1.0±0.2g (n=32) were extracted from Hartley strain 
albino guinea pigs. They were instrumented and perfused through the 
cannulated aorta at constant perfusion pressure as previously reported 
from our laboratory. A saline-filled balloon was placed inside the left 
ventricle. Cardiac and coronary vascular variables were monitored in the 
absence and presence of epinephrine and sodium pentobarbital. Sodium 
pentobarbital (negative inotrope) and epinephrine (positive inotrope) 
promoted significant dose-dependent decrements and increments, 
respectively, in CPdP/dtmax and LVdP/dtmax in all hearts. A positive 
correlation was found between the changes in the two first derivatives in 
response to these interventions [r=0.93 (P<0.05); CPdPdtmax = 0.22 LVdP/
dtmax ± 96.97].We conclude that CPdP/dtmax is a reliable index of LVdP/
dtmax and therefore of cardiac function in the Langendorff-perfused heart.

Index terms: Differentiation of pressures; Perfused hearts; Inotropic; 
Isolated

Introduction
 The first derivative of the development of left ventricular 
pressure (LVdP/dtmax) is one of the most-widely used and amply-tested 
indices of global ventricular contractility and cardiac function [1,2]. 
In the systemic circulation of mammals the first derivative of femoral 
or brachial arterial pressure development (SAdP/dtmax) has been used 
to estimate ventricular function [3-5]. In the periphery, SAdP/dtmax is 
continuously influenced by circulatory changes in vascular beds other 
than those served by the femoral and brachial arteries. Still, Chan et al 
[3] found that SA dP/dtmax was significantly correlated with LVdP/dtmax 
during a variety of cardiovascular interventions. 
 The objective of the present study was to determine if variation 
in the development of coronary perfusion pressure (CPdP/dtmax) can 
reliably predict similar variation in the development of left ventricular 
pressure in the spontaneously-beating, nonworking, perfused guinea pig 
heart (Langendorff). If the answer to this question is affirmative, then the 
development of coronary perfusion pressure can be used to estimate 
cardiac contractility and function.
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Methods
 Thirty two hearts (1.00.2g) from Hartley strain, albino 
guinea pigs (350-400g, male and female) were isolated and 
perfused at constant pressure as previously described from 
this laboratory [6-9]. Hearts were allowed to beat spontaneously 
and measured variables achieved the steady state within twenty 
minutes of extraction. Measured variables included: 1.) Heart 
Rate (HR), 2.) Coronary perfusate flow (CPF, i.e. coronary blood 
flow), 3.) Coronary Perfusion Pressure (CPP), its first derivative 
(CPdP/dtmax), 4.) Left Ventricular Pressure (LVP) and its first 
derivative (LVdPdtmax), 5.) Myocardial oxygen consumption 
(MVO2) and 6.) Coronary Vascular Resistance (CVR). The latter 
two variables were calculated after each experiment. LVP and 
LVdP/dtmax were measured by inserting a flaccid rubber balloon 
into the left ventricle. The balloon was connected to a saline-
filled polyethylene catheter (PE90), Clay Adams, Parsippany, 
NJ). Once in place, the balloon was gently filled with saline to an 
end diastolic pressure of 5-8 mmHg as previously reported [9]. 

 Differentiator and manometer characteristics---A 
Gilson Medical Electronics differentiator (model IC-Diff) coupled 
to a multipurpose galvo module input (model IC-MP, Middleton, 
WI) was used to differentiate left ventricular and coronary 
perfusion (aortic) pressures. Maximum sensitivity of the IC-Diff 
was 200mV/cm/sec. When coupled to the IC-MP module, this 
sensitivity corresponded to 50µV/cm/sec. The IC-Diff has an 

input multiplier which can adjust sensitivity from 0.1 (10 sec 
times constant) to 10 (0.1 sec time constant; most sensitive). 
The frequency response at 200 mV/cm/sec direct input ranges 
from 0.5Hz to 10.0Hz.

 Experimental protocols---After measured variables 
were in the steady state, and when control data were collected, 
hearts were randomly divided into two groups. Hearts in the 
first group were administered sodium pentobarbital, a negative 
inotropic agent [0.5 mg (n=8), 2.0 mg (n=8), i.c.]. Hearts in the 
second group were treated with epinephrine, a positive inotropic 
agent [0.2 µg (n=8); 1.0 µg (n=8), i.c.]. Both compounds were 
administered as bolus injections (injectate volume < 0.1 ml). Ten 
minutes were allowed between doses for monitored variables to 
return to the control steady state.

 Statistics---Peak and/or steady state effects following 
administration of each agent were compared with corresponding 
control, baseline values and with the other dose using analysis 
of variance. Data are presented as means plus or minus one 
standard error of the mean (x ± s.e.m.). Statistically significant 
differences were identified at P<0.05.

Results
 Administration of sodium pentobarbital and 
epinephrine promoted significant dose-dependent decrements 
and increments, respectively, in CPdP/dtmax and LVdP/dtmax 
in all hearts. Apart from exhibiting considerable qualitative 
resemblance, a quantitatively-significant, positive correlation 
was found between changes in the two first derivatives in 
response to cardiac perturbations [r= 0.93 (P<0.05); CPdP/dtmax 
= 0.22 LVdP/dtmax± 96.97] (Figure 1). 
 Moreover, important hemodynamic variables changed 
in the directions one would have expected (Table 1). Heart 
rate, LVP, dP/dtmax, CPF and MVO2 (global myocardial oxygen 
consumption) increased markedly as expected in response to 
epinephrine administration. These same variables decreased 
significantly in response to sodium pentobarbital.

Discussion
 We have used the Langendorff perfused guinea pig 
heart intermittently since 1978 [7]. The virtues of this preparation 
for studies of coronary circulation and cardiac metabolism have 
been described previously by many investigators including 
Bunger et al [10,11], Schrader et al [12,13], and Stowe [14,15]. 
We have also used this preparation to evaluate the effects 

Figure 1: This figure illustrates a positive correlation between 
changes in Coronary Perfusion Pressure (CPP) and cardiac function 
(depicted here as left ventricular developed pressure).  See text for 

details.
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of adenosine receptor agonists/antagonists when they are 
administered intra- vs. extravascularly [8,16]. 

 The purpose of the present investigation was to 
determine if the differentiation of coronary perfusion pressure 
can accurately predict changes in left ventricular pressure and 
its differentiation. From the data obtained it appears that CP/dP/
dtmax is a useful variable for assessing left ventricular pressure 
and therefore cardiac function. In all cases the results observed 
when using positive and negative inotropic stimuli were those 
anticipated. While SAdP/dtmax has been used previously as an 
index of cardiac contractility [1-5,10,13], to our knowledge no 
one has used CPdP/dtmax for this purpose. Thus, our results 
provide novel information and should be of future value to both 
basic and clinical investigators in the field.

  Under the conditions employed in our experiment it is impossible 
that systemic neurohumoral or blood-borne factors could have 
influenced the results. Thus, in the Langendorff preparation if 
epinephrine increases CPdP/dtmax, one can safely assume that 
it will have also increased LVdP/dtmax, and that this action was 
mediated directly at the myocardium. Similar conclusions can 
be drawn for the administration of negative inotropic agents. 
Such definitive knowledge removes speculation about the 
possible intervening effects of peripheral mechanisms.

 In conclusion, using CPdP/dtmax as an indirect index 
to evaluate inotropic responses in the isolated, perfused guinea 
pig heart offers at least two experimental advantages. First, 
CPdP/dtmax is easily obtained simply by connecting the coronary 
perfusion pressure sensor to a differentiator amplifier. Secondly, 
CPdP/dtmax recordings do not require mechanical or surgical 
manipulations of the left atrial appendage and ventricle.
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