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7) ABSTRACT

A method for the measurement of post arteriolar pressure in
a patient which is determined from information regarding
the blood pressure (BP), systemic vascular resistance (R)
and cardiac output (CO) by plotting the regression line for
the equation BP=RxQ+c where ¢ is the post arteriolar
pressure, and determining the value of ¢ from the regression
line.

18 Claims, 1 Drawing Sheet
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METHOD FOR THE MEASUREMENT OF
POST ARTERIOLAR PRESSURE

The present invention relates to a method for the mea-
surement of post arteriolar pressure in a patient.

By the term “post arteriolar pressure” as used herein is
meant a theoretical pressure in the cardiovascular system. It
is calculated from the relationship between short term varia-
tions in cardiac output (CO) and mean arterial pressure
(MAP) occurring against a background of a constant sys-
temic vascular resistance. Such variations may occur natu-
rally or be induced. In a typical patient arterial pressure and
cardiac output fluctuate with the respiratory cycle. We have
discovered that if the beat to beat variations are plotted as an
x y graph then they fall on a line that has an intercept on the
pressure axis. This pressure we term the “post arteriolar
pressure”.

If the mean arterial pressure (MAP) is taken an 100 mm
Hg then the pressure at the proximal end of the capillaries is
typically 30 mm Hg and at the distal end is 12-15 mm Hg.

Apart from the MAP these pressures cannot be measured
clinically and are only known from physiological experi-
ments.

The pressure drop from 100 to 30 mm Hg occurs at the
arterioles which are the terminal branches of the arterial
system. These control the resistance flow. This resistance is
known as the systemic vascular resistance (SVR). It may be
calculated as

SVR=MAP/CO.

Most clinicians subtract the right atrial pressure (RAP)
from the MAP before dividing by the CO. The right atrium
is at the end of the venous system and the correction for RAP
is an attempt to use the pressure drop across the system
rather than the absolute pressure for the calculation. It can be
appreciated that the SVR is defined in terms of pressure and
flow and cannot be measured directly. It is used extensively
for regulating the use of vasoactive drugs.

Measurement of the post arteriolar pressure in a patient
would be advantageous to a surgeon or physician since a
high reading would indicate that the patient was retaining
fluid in the right side of the heart/circulation, whilst a low
reading would indicate that the patient required an infusion
of fluid. Continuous monitoring of the post arteriolar pres-
sure would thus provide an important diagnostic tool for the
surgeon or physician.

Accordingly, the present invention provides a method for
determining the post arteriolar pressure in a patient, which
method comprises the steps ofi—

(i) recording and storing the arterial blood pressure wave-
form of a patient from a blood pressure monitoring
device over a period of time;

(ii) determining the nominal or actual stroke volume
associated with each arterial blood pressure waveform;

(iii) obtaining the nominal or actual cardiac output from
the data in step (ii); and

(iv) plotting the regression line for the equation

BP=Rx(Q+c

where
BP is the blood pressure,
R is the systemic vascular resistance,
Q is the cardiac output, and
¢ is the post arteriolar pressure, and
(v) determining the value of the post arteriolar pressure
from the regression line.
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In carrying out the method of the present invention the
patient’s arterial blood pressure in step (i) may be monitored
continuously by conventional means from, for example, the
aorta, the brachial artery, femoral artery or the radial artery.
Accordingly, the patient’s arterial blood pressure may be
monitored using an arterial catheter with a transducer system
or a non-invasive method. The output from the pressure
measuring device preferably provides the blood pressure
over at least one respiratory cycle. The blood pressure is
preferably analysed on a beat-to-beat basis over a period of
at least 4 seconds, preferably over a period of at least 10
seconds and more preferably is continuously monitored.

The nominal stroke volume in step (i) of the method is
generally determined via a cardiac output measuring
method, such as a pressure waveform analysis, a Doppler
method, measuring impedance changes or an indicator dilu-
tion method. The preferred method for use in the present
invention is a pressure waveform method, for example a
method as described in W097/24982 in which a non-linear
transformation is used 1o correct for the changing charac-
teristics of the arterial system with pressure and autocorre-
lation is then used to derive the cardiac output, or a method
as described in W099/02086 in which the data obtained in
step (i) is subjected to a Fourier analysis in order to obtain
the modulus of the first harmonic and the nominal stroke
volume is obtained from the modulus of the first harmonic
and data relating to the arterial blood pressure and the heart
rate. Using this technique the cardiac output of each beat of
the heart is calculated and displayed.

When using the method as described in W099/02086 the
nominal stroke volume is obtained from the following
equation

modulus of first harmonic of

blood pressure waveform
£ 0.002<MAP % HR

nominal stroke volume=

where

¢ is the base of natural logarithms

MAP is the mean arterial blood pressure, and

HR is the heart rate.

The nominal cardiac output may be obtained using the
nominal stroke volume and heart rate. The nominal cardiac
output may found, for example, by multiplying the nominal
stroke volume by the heart rate. If more than one beat is used
to calculate the nominal cardiac output then it may be
calculated as the sum of the stroke volumes divided by the
sum of the durations of each beat. It will be understood that
the nominal stroke volume and the nominal cardiac output
are uncalibrated and may be converted into the calibrated
data, if desired. This is performed by multiplying the nomi-
nal stroke volume by a calibration factor to give the true
stroke volume, as found by another method. The cardiac
output may then be calculated from the true stroke volume
and heart rate.

The regression line for the equation given in step (iv) is
obtained by plotting the blood pressure against the cardiac
output, for example by means of a computer. If the blood
pressure is plotted on the y-axis and the cardiac output
plotted on the x-axis the point where the regression line
crosses the y-axis is the value of the post arteriolar pressure.
The value of the post arteriolar pressure may be displayed on
a computer screen and optionally may be continuously
updated.
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The x y plot described above can be interpreted in two
ways. The slope of the line is a new estimation of the
peripheral resistance. The intercept on the pressure axis is
the notional pressure beyond the resistance. The major
clinical importance of the discovery is that it provides an
estimate of the back pressure on the circulation. This is
related to the degree of fluid loading and venous tone of the
circulation.

It is clear that any natural or induced changes in cardiac
output/mean arterial pressure that occur against an unchang-
ing SVR will allow the calculation of the post arteriolar
pressure. For example, a clinician could pace the patient’s
heart at 100 beats per minute and then at 80 beat per minute.
The mean arterial pressure versus mean cardiac output at
both heart rate levels is then plotted and from the regression
line the post arteriolar pressure is obtained.

Apparatus for carrying out the present invention may
comprise any suitably programmed computer such as an
IBM compatible computer or a Macintosh computer which
is able to acquire data from the blood pressure measurement
device or monitor. It may also be integrated with software
and hardware for preforming other tasks. For example, the
device may be capable of carrying out the present invention
as well as the method used for calibration or other moni-
toring tasks. The computer programme running on the
computer may then either display the results on a visual
display unit or can output this information to some other
device.

The present invention will be further described, by way of
example, with reference to the accompanying drawings in
which:

FIG. 1 is a graph of the arterial blood pressure against
cardiac output for a patient measured over one respiratory
cycle.

The following data could be obtained from a patient over
a respiratory cycle

Blood Pressure Cardiac Output

(BP) Q
Top of 95 5.33
Oscillation
Bottom of 85 4.67
Oscillation
Mean 90 5.00

These results may be plotted as a regression line as shown
in FIG. 1. The point where the regression line crosses the
x-axis in FIG. 1 at 15 mm Hg is the post arteriolar pressure
of the patient at that time.

It is considered that a post arteriolar pressure of about 15
mm Hg would be normal for a healthy patient. However, a
post arterial pressure reading of say 30 mm Hg would
indicate that the patient was filling up with fluid and devel-
oping oedema, whilst a reading of say 10 mm Hg would
indicate that the patient was low on fluids and required fluid
replenishment.

What is claimed is:

1. Amethod for determining the post arteriolar pressure in
a patient, which method comprises the steps of:

(i) recording and storing the arterial blood pressure wave-
form of a patient from a blood pressure monitoring
device over a period of time;

(ii) determining the nominal or actual stroke volume
associated with each arterial blood pressure waveform;

(iii) obtaining the nominal or actual cardiac output from
the data in step (ii); and
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4
(iv) plotting the regression line for the equation
BP=RxQ+c
where

BP is the blood pressure,

R is the systemic vascular resistance,
Q is the cardiac output, and

¢ is the post arteriolar pressure, and

(v) determining the value of the post arteriolar pressure

from the regression line.

2. A method as claimed in claim 1 wherein the arterial
blood pressure is plotted in step (i) for a period of up to ten
seconds.

3. A method as claimed in claim 1 wherein the arterial
blood pressure is analysed on a beat-to-beat basis.

4. A method as claimed in claim 1 wherein the stroke
volume in step (i) is determined via a cardiac output
measuring method.

5. A method as claimed in claim 4 wherein the cardiac
output measuring method is a pressure waveform analysis.

6. A method as claimed in claim 5 wherein the data
obtained in step (i) is subjected to Fourier analysis in order
to obtain the modulus of the first harmonic and the nominal
stroke volume is obtained from the modulus of the first
harmonic and data relating to the arterial blood pressure and
the heart rate.

7. A method as claimed in claim 6 wherein the nominal
stroke volume is obtained from the following equation

modulus of first harmonic of

blood pressure waveform

nominal stroke volume=
2 00002MAP w FIR

where

¢ is the base of natural logarithms

MAP is the mean arterial blood pressure, and

HR is the heart rate.

8. A method as claimed in claim 1 wherein the regression
line in step (iv) is plotted by means of a computer.

9. Amethod as claimed in claim 8 wherein the value of the
post arteriolar pressure is displayed on a computer screen
and optionally continuously updated.

10. A method as claimed in claim 2 wherein the arterial
blood pressure is analysed on a beat-to-beat basis.

11. A method as claimed in 2 wherein the stroke volume
in step (ii) is determined via a cardiac output measuring
method.

12. A method as claimed in 3 wherein the stroke volume
in step (ii) is determined via a cardiac output measuring
method.

13. A method as claimed in 2 wherein the regression line
in step (iv) is plotted by means of a computer.

14. A method as claimed in 3 wherein the regression line
in step (iv) is plotted by means of a computer.

15. A method as claimed in 4 wherein the regression line
in step (iv) is plotted by means of a computer.

16. A method as claimed in § wherein the regression line
in step (iv) is plotted by means of a computer.

17. A method as claimed in 6 wherein the regression line
in step (iv) is plotted by means of a computer.

18. A method as claimed in 7 wherein the regression line
in step (iv) is plotted by means of a computer.
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