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Eimportance of Blood Circulation

Adult diseases and other health-related
problems are becoming increasingly com-
mon subjects of discourse in the aging
society of today. In particular, adult diseases
have become the most common causes of
death as a result of a remarkable decrease in
the rate of mortality from infectious diseases.
Impaired “blood circulation” is known to be a
factor deeply involved in the etiologies of
these adult diseases. Cerebrovascular
disorders and ischemic heart diseases have
been found to manifest themselves when
many years of functional changes in the body
proceed to the stage of organic changes.

Advances in medical science have demon-
strated that a causative factor for these
diseases, i.e., pulpy sclerosis of arterial walls
begins with the growth of arterial smooth
muscle cells, which will begin to multiply
under hypoxic conditions due to an insuf-
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Fig. 1 Schematic diagram of microcirculation
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ficient supply of oxygen.

This suggests that these diseases may be
prevented by keeping people from falling in
the state of insufficient blood circulation.
With aggravating blood circulation, the body
will try to maintain oxygen supply by increas-
ing the erythrocyte content of blood or by
raising blood pressure.

For this reason, blood pressure are often
employed as an indicator of circulatory in-
sufficiency. Elevated levels of blood pres-
sure, however, do not necessarily imply a
sufficient supply of oxygen.

Blood is ejected from the left ventricle and
delivered to every part of the body:especially,
into muscles, which are the largest tissue in
the body. In the muscle, blood enters the
capillary vessels. Since the combined cros-
ssectional area of all the capillaries is 800
times greater than that of the aorta, blood
pressure becomes very low in the capillaries.
So, it is not an easy task to return capillary
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blood back to the less powerful right ventri-
cle via veins. On the other hand, the muscles
draw in blood when they relax and soften,
and push it out into the veins when they
contract and harden. Thus, the muscles fun-
ction as a kind of blood pump, similar to the
heart.

Like the muscles, the lungs also act as pump.
Blood is drawn in from the less powerful right
ventricle and fills the pulmonary capillaries as
the expiratory movement reduces the
intrathoracic pressure ;and then the blood is
pushed out toward the left ventricle as in-
spired air increases intrathoracic pressure
and stretches the capillaries. Furthermore,
respiratory movements are well coordinated
with the heartbeats and will help maintain the
balance of blood circulation.

As mentioned above, the muscular and re-
spiratory movements play a significant role in
the blood circulation.
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M Significance of Acceleration
Pulse Waveform

Monitoring the status of peripheral circula-
tion, as Fig. 1, provides an important means
of evaluating the status of blood circulation.
For this reason, investigations were made
into fingertip pulse plethysmography which
monitors variations in the amount of blood in
the hyponychial capillaries. When these
original waveforms are quadratically differ-
entiated, we can extract, from them, effective
information components known as “ac-
celeration pulse waveform”, which is a good
index of the status of circulation.

By analyzing acceleration pulse waveforms,
we may predict the onset of cerebral apo-
plexy, etc. at the stage of the functional
changes before the organic changes.
Further, the waveform is effective in evaluat-
ing the effect of physical exercise on the
status of blood circulation.

Thus, the acceleration pulse waveform
provides valuable means of predicting and
preventing adult diseases, as it is an accurate

T T

TTT T

VoV

Uow N

2 DRBEARIE ORI

Fig. 2 Principle of acceleration pulse waveform analysis
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index of the status of blood circulation and
the condition of health.

B Principle of Acceleration
Waveform Measurement

The functional status of blood circulation may
be determined from the acceleration pulse
waveform by using the following procedure
(as Fig. 2):

(1) Apply near-infrared radiation to the fin-
gertip, and record the fingertip pulse
plethysmogram.

(2) Quadratically differentiate the recorded
pulse waveform with respected to time.

(3) The acceleration waveform has four
points of inflection: a, b, ¢ and d. Deter-
mine the heights b, ¢ and d against the
height a. (Indexes).

(4) Using Indexes, classify the acceleration
waveform into one of the seven patterns
(A-G). Determine the functional status of
blood circulation.
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HEvaluation of the Blood Cir-
culation Status

The waveform patterns correspond to the

following circulatory statuses:

A: Usually seen in healthy young people and
suggests the state of blood circulation is
good.

B: Appears when the state of blood circula-
tion is good but aggravating. Some cau-
tion should be exercised when this pattern
is seen in 20’s.

C: Suggest the state of blood circulation is
insufficient. Caution should be exercised
when this pattern is seen in 30’s.

D,EFF and G: Suggest the state of blood
circulation is rather bad. These patterns
may also be seen in those who suffered or
are suffering from adult diseases. These
patterns also appear in high risk people
who might develop adult diseases in the
future. These waveforms are often seen in
those get hurt during sporting activities.
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B Significance of Acceleration
Pulse Waveform Indexes

Indexes which are extracted from accelera-
tion pulse waveform are important indicators
of the status of peripheral circulation. In-
dexes show the ratio of the height of point b,
c,d to that of point a. In healthy young
people, point b is placed at the lowest posi-
tion, point ¢ becomes higher over the
baseline and point d hardly falls down the
baseline. It means that the state of blood
circulation is good. On the other hand, in old
people, point b fall becomes small, point ¢
becomes lower than point b, and point d is
significantly low. It means that the state of
blood circulation is bad. When the
contractility of the veins is adequate, point ¢
rises close to or over the baseline level.
However, the position of point ¢ falls when
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Fig. 3

Time-related changes in the diameters of retinal vein
and artery within the period of one heartbeat (x25)
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Fig. 4

the contractility of the veins is weakened and
the excessive amount of blood stays in the
veins.

Fig. 3 shows time-related changes in the
diameters of the superior temporal artery and
vein of retina, and solid lines represent data
taken from those who exhibited the acceler-
ation pulse waveform pattern D or E, while
dotted lines mean pattern A or B. As shown,
the diameters of both the artery and vein are
larger in those with pattern D or E than in
those with pattern A or B. Further, changes in
the diameter of the vein differ greatly between
these two groups.

Fig. 4 shows that as physical exercise up-
grades the acceleration waveform pattern
from E to B and the vein narrows. These
findings may be interpreted as follows: the
larger vein diameters are caused by higher

Time-related changes in the diameters of retinal vein
and artery within the period of one heartbeat (x25)

pressures secondary to increased blood
content of the veins.

Similarly, the larger artery diameters indicate
impaired flow of arterial blood into the vein.
However, the vein narrows when physical
exercise improves venous return, as exem-
plified by the movement of the acceleration
pattern from E to B, since improved venous
return causes a decrease in the blood
content of the veins and in venous pressures.
The above discussion suggests that the
blood circulation dynamics, known by the
acceleration pulse waveform, depends on the
amount of blood in the veins and that un-
favorable changes may possibly proceed to
cerebral hemmorrhage in the eye. As a
parameter for such changes, the acceleration
pulse waveform serve as an effective index to
these diseases.
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HMProperties in waveform dis-

tribution

* Changes in waveform distribution with age
(Fig. 5)

It has been found that a larger number of old
people begin to show patterns D, E, F and G
as their ages increase. This means that
changes in the dynamics of blood circulation
with age are reflected in the acceleration
pulse waveform.

% Comparison of blood pressure levels with
the acceleration pulse waveform patterns
(Fig. 6)

It has been found that people show waveform
patterns A, B, C and D-G, no matter whether
their blood pressures are normal, borderline
or hypertensive. Patterns D-G are frequently
seen in hypertensive people, but there are
many other cases in which normotensive
people have patterns D-G. Consequently,
unfavorable state of blood circulation does
not always lead to a rise in blood pressure.
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* Waveform distribution in people with his-
tories of adult diseases (Fig. 7)

People with histories of adult diseases have
higher incidence of patterns D-G than the
general population in the same age bracket.
Thus, there may be some relationship
between the development of these diseases
and changes in the status of blood circula-
tion.
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