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[5 7] ABSTRACT

Apparatus for detection of pulse repetition rate and
oxygenation of blood flow, comprising a solid state
probe having a narrow bandwidth light source housed
to direct light upon a patient‘s finger and a phot0dc-
tector housed for receiving reflected light from such
finger, the output of the detector being connected to
electronic circuitry for detecting pulse repetition rate
of blood flow and for detecting signal level representa-
tive of the degree of oxygenation of the patient’s
blood. The use of a low power narrow bandwidth light
source with a red emission characteristic permits
precise detection of the degree of oxygenation of the
blood.
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HEART RATE AND RESPIRATORY MONITOR

BAC KGROUN D OF THE INVENTION

A. Field of the Invention
This invention lies in the field of heart rate monitors

and. more particularly, solid state monitors for detec-
tion of peripheral flow and oxygenation of blood in a
newborn infant patient.

B. Description of the Prior Art
The problem of accurately monitoring the heartbeat

and of obtaining information regarding the flow of ox-
ygenated blood in a newborn infant has long resisted
the development of an economical instrument. The
severity of the problem is based on tl1e medical con-
sideration that an infant, and particularly a premature
infant, when undergoing an exchange blood transfu-
sion. sometimes suffers cardiac arrest which. if unde-

tected for a relatively short period of time, may cause
permanent brain damage or death. Further, physicians
are vitally interested in obtaining information relating
to respiratory arrest and the degree of oxygenation of
the blood being circulated throughout the body during
and after an exchange transfusion. It is of particular im-
portance to have information which discloses a partial
cardiac arrest or a partial respiratory arrest, so that the
physician can take swift action to alleviate and correct
the situation. There is thus a requirement for continu-
ous monitoring of both pulse repetition rate, a change
in which often precedes cardiac arrest. and the level of
oxygen in the blood, which is an indication of respirato-
ry distress.

The prior art shows a number of heart monitoring
devices. However, most of these devices are designed
for clinical use on adults and are generally not suitable
for use with newborn infants. Particularly. devices
utilizing electrodes generally require that the elec-
trodes be of a sufficient size to pick up the extremely
small biopotential signals which are monitored, such
large electrode sizes being unworkable for newborn in-
fants. Furthermore. commercially available heart
monitoring devices are extremely expensive, and pro-
vide no information about the flow of oxygenated
blood.

Apparatus for the measurement of peripheral pulsa-
tions has a number of distinct advantages over the elec-
trocardiogram and other similar devices. First. it is
known that it is possible for electrical activity of the
heart to persist after the heart has actually stopped
beating. Thus, a monitor designed to detect biopoten-
tials could be late in detecting any cardiac arrest.
Further. it is extremely difficult to place electrodes on
infants in such a way as to avoid extraneous noise pick-
up. And, perhaps most importantly, a monitor that only
senses biopotentials cannot detect respiratory distress.

Digital monitors, or transducers, for detecting
peripheral pulsations, and utilizing a light source in
combination with a detector, have been shown in the

art. More particularly, the prior art discloses a digital
transducer comprising a light source in combination
with a photoelectric cell, with a red filter placed over
the photoelectric cell. Since the photocell is responsive
to light in the red region of the spectrum, arterial pulsa-
tions which drive blood into the digit result in an in-
creased redness and increased photocell response. thus
giving an indication of the pulse repetition rate. How-
ever, a bulb and filter combination is inefficient, most
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of the radiated energy being outside of the red. Only by
inclusion of a prohibitively expensive optical filter
could such alight and ‘filter combination produce a nar-
row band width on the order of that provided by a laser.
In addition to being more cumbersome, the device
necessarily has a heating problem. which makes it par-
ticularly undesirable for use with infants. Further, the
device detects only volume of blood flow. and cannot
distinguish between blood volume and degree of ox-
ygenation.

SUMMARY OF THE INVENTION

The primary object of this invention is to provide ap-
paratus for the detection of oxygenated blood flow
which is simple. efficient. lightweight, inexpensive and
effective for the purpose and which overcomes the dis-
advantages of the prior art.

It is a further object of this invention to provide a
heart rate monitor comprising a solid state optical
probe which is suitable for use on premature infants,
and which senses peripheral pulsations of the heart.

It is a further object of this invention to provide ap-
paratus which monitors both heart pulse rate and ox-
ygenation of blood flow.

Accordingly, this invention provides apparatus com-
prising a solid state laser as a source of light in com-
bination with a solid state photodetector. forming an
optical probe suitable for sensing peripheral pulsations
of the heart. The solid state laser is a very small and ex-
tremely efficient light source emitting microwatts of
power in a narrow band width having peak emission oc-
curring in the red range of the optical spectrum. The
laser directs a low energy beam of light at the capilla-
ries of a finger, the blood flowing within reflecting in-
cident red light which is detected by a photodetector
housed adjacent to the laser and having a response
curve suitable for detection throughout the emission
spectrum of the laser. The electrical output of the
probe is transmitted to processing apparatus having
pulse detection circuitry to determine the pulse repeti-
tion rate. as well as DC level detection circuitry to
determine the relative oxygen content of the blood.45
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I shows a schematic diagram of the probe hous-
ing and its elements in relation to a patient‘s finger.

FIG. 2 shows a schematic diagram of an alternate
construction of the probe housing.

FIG. 3 shows a block diagram of electronic
processing circuitry which is connected to the probe.

FIG. 4 shows a representation of waveforms
produced by the probe and electronic processing cir-
cuitry.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, FIG. I shows a sche-
matic diagram of the probe and its elements. The probe
20 is placed on the patient's finger by conventional
strapping or tape and aligned such that the light source
21 directs incident light, indicated by arrows marked
“I,“ at the patient’s finger. The detector 22 is placed

adjacent to light source 21 and disposed in order to col-
lect reflected light, indicated by arrows marked "R."
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from the patient‘s finger. The light source 21 and
photodetector 22. combined with housing 23, form the
probe 20, which has typical overall dimensions of ‘iii
inch X % inch X Bl’. inch. The light source 21 is suitably
a gallium arsenide solid state laser which itself is one-
tenth inch in diameter and 0.15 inch in length, having
typically 25 microwatts of power being emitted in a
narrow band width with the peak emission occurring at
6,700 angstrom. i.e., in the red range of the color spec-
trum. Such a typical gallium arsenide laser is commer-
cially available. See, for instance, Monsanto model
MV 10A. The photodetector 22 is required to have high
sensitivity through the frequencies of the emission
spectrum of the laser. A suitable photodetector is the
Motorola MRD2 10 50 volt NPN silicon photodetector.
This detector is approximately 0.06 inch in diameter
and a maximum of 0.118 inch in height, which dimen-
sions permit incorporation into the as inch X In inch x
55: inch probe device. A photodetector having frequen-
cy selectivity matching the laser characteristics would
further increase the selectivity of the probe.

The probe housing 23 may be fabricated from a
piece of metal. suitably brass. having parallel recesses
or holes 25 drilled within it to accommodate the laser

and photodetector respectively, the holes being
oriented perpendicular to the probe‘s surface which is
placed against the finger. Between recesses 25 is an in-
sulating member 26 which optically isolates the
recesses, thereby optically isolating the laser and
photodetector. Alternately, the probe housing may be
made from an epitaxial plastic, as shown in FIG. 2. A
front portion 27 of a clear nonhardening plastic may be
added, thereby encapsulating the laser and pl1otodetec-
tor without significantly impeding light transmission. A
power supply 39 provides power for the laser and the
photodetector, as well as the electronic circuitry
described hereinbelow.

In operation. the probe is placed upon the patient’s
finger such that blood which is flowing in the capillaries
of the finger reflects incident red light. The intensity of
the reflected light is proportional both to the amount of
blood flowing in the finger and to the freshness of the
blood, i.e., the degree to which it is oxygenated. For
each heartbeat, fresh blood is pumped into the capilla-
ries, thereby causing a periodic increase and decrease
in the rellected light intensity. Under normal condi-
tions then, a periodic wavefonn such as shown in FIG.
4a will be detected, which waveform represents both
volume and color of the circulating blood. The
waveform has an AC component corresponding to the
heart pulsations, and a DC component which will be
directly proportional to the redness, or oxygenation, of
the blood. In the event of partial cardiac arrest. the pul-
sations vary in frequency, which condition can be easily
detected. When a respiratory distress occurs. the heart
continues to pump blood. but it is relatively unox-
ygenated blood with a characteristic bluish hue. Since
the probe is relatively insensitive in the blue region of
the light spectrum, such a respiratory distress is im-
mediately manifested by a probe signal of diminished
amplitude. as shown in FIG. 4b. By contrast, in the par-
tial cardiac arrest condition, the pulse repetition rate
will change, while the amplitude and DC level will
remain essentially the same. To distinguish the respira-
tory distress condition from the partial cardiac arrest
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condition, the DC component of the signal, or the
peak—to-peak value, is monitored. Thus, by distinguish-
ing pulse repetition rate and DC level, the two cases
can be separately diagnosed.

Referring now to FIG. 3. a block diagram of the heart
rate and respiratory monitor is shown. The signal
developed by the probe 20, as shown in FIG. -Ia, is cou-
pled into electronic circuitry 40 for information
processing. The signal is first fed through a conven-
tional solid state DC amplilier 25 which amplifies the
total signal. The output of amplifier 25 is parallel cou-
pled to a conventional Schmitt Trigger circuit 26 and to
a detector 29. The Schmitt Trigger 26 is a bistable elec-
tronic device which, when driven by the pulsating
signal, will switch between two stable states, thus
producing a squarewave output as shown in FIG. 4c.
Such squarewave may suitably be differentiated and
applied to a conventional mono-stable multivibrator
27, which multivibrator will produce a pulse train out-
put having suitable pulse widths, and having a pulse
repetition rate equal to that of the probe waveform.
Such a mono-stable output is shown in FIG. M. This
output, then, can be coupled to a conventional driver
circuit 31, such as an emitter follower. which in turn

drives a suitable monitoring device 28, such as a beep
tone generator or oscillograph.

Still referring to FIG. 3, the output of amplifier 25 is
also fed into a detector 29, suitably a conventional DC
detector. The output of detector 29 is coupled,
preferably through a bufier amplifier 30. to a suitable
volt meter 32 which would indicate the magnitude of
the detected DC voltage. The volt meter 32 can be
suitably equipped with a reference needle. which nee-
dle can be set at a lower limit. such that when the DC

level drops to such lower limit, the meter would sound
an alarm signal, notifying a physician. By checking the
pulse rate output, the physician could immediately
determine whether the drop in DC level was due to a
respiratory or cardiac cause.

It is to be understood that detector 29 could. al-

ternately. be a peak-to-peak detector of conventional
circuitry, and be connected to a peak-to-peak volt
meter which would indicate the magnitude of the de-

tected voltage pulses in the signal from probe 20.
Either the DC level or the pealt-to- peak infonnation.
when compared with the pulse repetition rate, would
be sufficient to enable the physician to distinguish
between cardiac arrest and respiratory distress.

From the foregoing, it is seen that this invention pro-
vides an extremely efficient and suitably small device
for monitoring blood flow characteristics of an infant.
The choice of a laser which produces approximately 25
microwatts makes possible a very cool and efficient
device. Further, by using a narrow beam laser. it is
possible to produce a device which is very sensitive to
changes in blood color. By contrast, apparatus utilizing
white light in combination with a red filter. in addition
to being inefficient and generating heat which would be
prohibitive in clinical uses with infants. produces a rela-
tively broad range of red light. Consequently. relatively
large changes in oxygen content must take place before
detection by a white light and filter combination,
whereas extremely small changes can be detected with
the frequency selective laser probe of this invention.
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