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METHOD OF MEASURING ENDOTHELIAL
FUNCTION IN A PERSON

This invention relates to a method of measuring endot-
helial function in a person.

A major cause of death in the developed world is
atherosclerotic arterial disease. The atherosclerotic arterial
disease is thought to be initiated by injury to the endothe-
lium. There has thus been intense interest in the observation
that the endothelium-dependent vasomotor function medi-
ated by nitric oxide is abnormal early in the development of
vascular disease, and indeed in the pre-clinical phase of the
arterial disease when risk factors alone are present. In
addition to inhibitory actions on platelets and on the prolif-
eration of vascular smooth muscle, nitric oxide inhibits the
expression of adhesion molecules, a key event in the process
of endothelial activation and atherogenesis. Impaired bio-
activity of nitric oxide is thus likely to explain the link
between endothelial vasomotor dysfunction and the devel-
opment of athorosclerosis.

Current techniques for the evaluation of endothelial
function in vivo are based on determining the vasomotor
response to pharmacological or physical stimuli. Pharmaco-
logical techniques usually involve intra-arterial injection of
an endothelium-dependent vasodilator, usually acetylcho-
line. The requirement of arterial canulation precludes their
use outside specialised vascular laboratories. The technique
now more frequently employed is that in which the vaso-
motor response of the brachial artery to an increase in blood
flow is assessed by ultrasonography. Reactive hyperaemia in
a person’s distal forearm is used to generate an increase in
blood flow in the brachial artery. The reactive hyperacmia
may be achieved by a 4-5 inflation of a cuff applied around
the forearm to a suprasystolic pressure. The resulting
increase in blood flow produces a flow mediated dilation of
the brachial artery in the order 5-10%. This change in
diameter can be determined using high resolution duplex
ultrasound imaging. The change in diameter is largely nitric
oxide-dependent, and it is attenuated in persons with endot-
helial dysfunction. The magnitude of the change is,
however, close to the limits of resolution of current imaging
techniques and this limits the reproducibility of the method.
A number of refinements based upon automatic edge detec-
tion have been introduced to improve this but with limited
success. A further drawback of the technique is that it is to
some extent dependent on the exact position within the
artery at which measurements are made.

Acceptable results can only be obtained with great atten-
tion to detail. Askilled operator is essential in order to ensure
correct transducer placement. The transducer must then be
held throughout the course of the measurement, during
which time the subject must remain motionless. These
practical constraints mean that, although the method is
non-invasive, it effectively shares the drawback of intra-
arterial methods in that it is only applicable within a spe-
cialist laboratory.

It is an aim of the present invention to provide a method
of measuring endothelial function in a person, which method
obviates or reduces the above mentioned problems with the
currently used techniques.

Accordingly, in one non-limiting embodiment of the
present invention there is provided a method of measuring
endothelial function in a person, which method comprises
applying pressure to one arm of the person such as to restrict
blood flow in the arm, releasing the pressure in order to
cause an increase in blood flow in the arm due to reactive
hyperaemia, and then measuring the difference in pulse
propagation time between the two arms of the person.
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The method may be one in which the pressure is applied
to the arm using restrictor means. The restrictor means is
preferably an inflatable restrictor means but other types of
restrictor means may be employed. A presently preferred
inflatable restrictor means is a blood pressure cuff.

The method of the present invention is preferably one in
which the difference in pulse propagation time is measured
using photoplethysmography. Other techniques may be used
for measuring the pulse propagation time if desired.
Preferably, the photoplethysmography comprises measuring
the transmission/absorption of infra red light through/in the
finger pulp of the person.

The method of the present invention may be such that it
uses the same stimulus of post-occlusive hyperaemia to
release nitric oxide as in the above mentioned known
assessment of flow mediated dilation. Post occlusive hyper-
aemia in the arm results not only in an increase in diameter
of the arteries in the arm, but also in an increase in the
distensibility of these arteries. This, in turn, results in a
decrease in pulse wave velocity and delays the arrival of the
pulse in the radial and digital arteries relative to that in
central arteries and in the contralateral arm. Measurements
of the time of arrival of the pulse in both hands or arms
simultaneously allows the delay in arrival of the pulse to be
determined accurately in relation to the contralateral arm.
Use of the contralateral arm in this way serves to control for
factors, for example a change in blood pressure, which affect
both arms equally. In addition to its simplicity, a further
advantage of the method of the present invention is that the
change in pulse wave velocity represents an integrated
measure of flow induced change in all conduit arteries of the
upper limb, rather than at a single point as is the case with
flow mediated dilation. The method of the present invention
may be such that it is reproducible and sensitive in detecting
endothelial dysfunction.

As mentioned above, one method for measuring the time
of arrival of the pulse is to obtain a digital volume pulse by
measuring the transmission/absorption of infra red light
through/in the finger pulp. The timing of the pulse so
obtained bears a constant relationship to that of the radial
pulse.

An embodiment of the invention will now be described
solely by way of example and with reference to the accom-
panying drawings in which:

FIG. 1 illustrates a first step in 2 method of measuring
endothelial function in a person;

FIG. 2 illustrates a second step in the method of mea-
suring the endothelial function in the person; and

FIG. 3 illustrates a third step in the method of measuring
the endothelial function in the person.

Referring to the drawings, there is shown a person 2
having their endothelial function being measured. The
method of measuring the endothelial function in the person
2 comprises applying pressure with a restrictor means 4 to
one arm 6 of the person 2 such as to restrict blood flow in
the arm. The restrictor means 4 is an inflatable restrictor
means in the form of a blood pressure cuff as shown. After
the pressure has been applied, subsequent releasing of the
pressure causes an increase in blood flow in the arm 6 due
to reactive hyperaemia. The endothelial function is then
obtained by measuring the difference in pulse propagation
time between the two arms 6, 8 of the person 2.

FIG. 1 indicates by the arrow “O” that the restrictor
means 4 is deflated. As also shown in FIG. 1, the pulses
obtained from the right arm 6 and the left arm 8 coincide.

FIG. 2 indicates by the arrow “+” that the restrictor
means 4 has been inflated to a pressure above systolic blood
pressure. The pulse from the left arm 6 is occluded as shown
in FIG. 8.
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FIG. 3 shows by the arrow “O” that the restrictor means
4 on the left arm 6 has been deflated. This causes an increase
in blood flow in the left arm 6 due to the reactive hyper-
aemia. This in turns leads to endothelium-dependent dilation
of the arteries in the left arm 6. This in turn results in a delay
in the pulse in the left arm 6 relative to the pulse in the right
arm 8. This delay is a measure of the endothelial function.
The delay time is proportional to the function of the endot-
helium in causing dilation of the artery following reactive
hyperaemia. The delay time can therefore be used as a direct
measure of endothelial function. Poor endothelial function is
associated with little or no delay time, whereas good endot-
helial function is associated with a delay time of 10 milli-
seconds or greater. The measured endothelial function is
then able to give an indication of whether or not the person
2 is at risk of suffering from atherosclerotic arterial disease.

It is to be appreciated that the embodiment of the
invention described above with reference to the accompa-
nying drawings has been given by way of example only and
that modifications may be effected. Thus, for example,
restrictor means 4 other than the illustrated blood pressure
cuff could be employed. An alternative means to register the
pulses in the two arms may be used. Such an alternative
means could be the use of flow or pressure transducers
placed over arteries in the wrist or hand.
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What is claimed is:

1. A method of measuring endothelial function in a
person, which method comprises applying pressure to one
arm of the person such as to restrict blood flow in the arm,
releasing the pressure in order to cause an increase in blood
flow in the arm due to reactive hyperaecmia, and then
measuring the difference in pulse propagation time between
the two arms of the person.

2. Amethod according to claim 1 in which the pressure is
applied to the arm using restrictor means.

3. A method according to claim 2 in which the restrictor
means is an inflatable restrictor means.

4. A method according to claim 3 in which the inflatable
restrictor means is a blood pressure cuff.

5. Amethod according to claim 1 in which the difference
in pulse propagation time is measured using photoplethys-
mography.

6. A method according to claim § in which the photopl-
ethysmography comprises measuring the transmission/
absorption of infra red light through/in the finger pulp of the
person.

7. A method according to claim 1 in which the difference
in the pulse propagation time between the two arms of the
person is taken as a direct and continuous measure of the
endothelial function.
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