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ABSTRACT OF THE DISCLOSURE

A system for insuring against hazardous current flow
between a patient and monitoring apparatus having power
supply sources connected to the electronic circuits of
the apparatus, and in particular to the input amplifying
stage thereof is provided by connecting each source
through a separate current transmitting means. A first
control means for detecting the presence of power supply
to one of the current transmitting means is employed to
enable the other current transmitting means, and a sec-
ond control means for detecting the presence of power
supply to the other current transmitting means is em-
ployed to enable the current transmitting means, whereby
failure of either power supply to provide current to its
associated current transmitting means will cause the
other to interrupt transmission of current therethrough.
The input amplifying stage consists of a differential ampli-
fier having a pair of oppositely poled diodes connected
in parallel between output electrodes thereof to prevent
either side of the differential amplifier from being driven
into saturation upon the disconnection from the patient
of the base electrode of the other transistor, thereby pre-
venting a dangerous increase or transient of current
through the remaining connection to the patient.

o S St s

This invention relates to a system for preventing
hazardous currents from flowing between an electronic
monitoring apparatus and a patient connected thereto.

Patient safety must always be the first consideration
in the design of medical electronic instruments. One of
the greatest problems in the design of such instruments
is to insure that hazardous currents may not flow between
the patient and electronic monitoring apparatus.

The use of electronic amplifiers to monitor biopoten-
tial or bioimpedance signals requires a direct connection
between sensing electrodes attached to the patient and
the amplifier. In direct-coupled amplifiers, hazardous cur-
rents may flow directly through the patient in the event
of a partial power failure where two power supplies of
opposite polarity with respect to a point of reference
potential are employed or in the event of an electrode
connected to the patient becoming disconnected where
two electrodes are connected to input terminals of a dif-
ferential amplifier.

Although there are no absolute limits to define the
physiological results of excessive currents through a
patient, it is known that at frequencies from 0 Hz. to
2 kHz., currents of 20 to 200 milliamperes can produce
ventricular fibrillation in the heart, while currents of 5
to 25 milliamperes can produce painful to violent muscu-
lar contractions and currents of 500 microamperes to
2 milliamperes produce the threshold of sensation. These
values of current are for superficial thoracic electrical
shocks to an adult. Should a catheter be present in the
body and particularly in the heart, fibrillation may be
produced by currents as small as 20 microamperes. This
could occur, for example, during cardiac catheterization,
thoracic surgery, and the like. From the standpoint of

<

10

20

40

50

60

70

2

safety, the maximum allowable shock currents are ac-
cepted to be approximately 200 microamperes for a body
shock, but only 1 to 2 microamperes for a direct cardiac
shock. Consequently, it is extremely important to design
electronic patient monitoring apparatus such that hazard-
ous currents through the subject will not result due to
some failure in the monitoring apparatus, particularly
when the monitoring apparatus is being employed during
cardiac catheterization, thoracic surgery, and the like.

An object of this invention is to provide an improved
power supply system for electronic patient monitoring
apparatus of the type which employ two power supply
sources. A further object of this invention is to provide
an improved electronic patient monitoring apparatus of
the type employing a differential amplifier having input
terminals thereof directly connected to the patient.

These and other objects of the invention are provided
in patient monitoring apparatus by coupling power sup-
plies to at least the input amplifier thereof through sepa-
rate current transmitting means and providing a first cur-
rent control means for detecting the flow of current to
one transmitting means and in response thereto for en-
abling the other current transmitting means to transmit
current therethrough. A second current control means is
provided for detecting the flow of current to the other
current transmitting means and in response thereto for
enabling the first current transmitting means to transmit
current therethrough. In that manner, failure of either
power supply will result in the other being disconnected
from the patient monitoring apparatus. Otherwise, the
patient monitoring apparatus, and in particular the input
stage thereof directly connected to the patient, may fail
to operate properly and thereby cause hazardous current
to flow between the patient and the monitoring appa-
ratus. If the input stage is a differential amplifier, a pair
of oppositely poled, parallel diodes are connected between
the output terminals thereof in order that, should the con-
nection from the patient to the input terminal on one side
of the differential amplifier become disconnected, the re-
maining side of the differential amplifier still having its
input terminal connected to the patient, will not cause
hazardous current to flow between the patient and the
monitoring apparatus.

The manner in which these and other objects and ad-
vantages are achieved in one illustrative embodiment is
described with reference to the drawings in which:

FIG. 1 discloses a circuit diagram of a preferred em-
bodiment of the invention; and

FIG. 2 discloses a circuit diagram of a pair of transis-
tors which may be substituted for each of two transistors
in a differential amplifier of FIG. 1.

Referring now to the drawings, a differential amplifier
comprising transistors Q; and Q; is shown having a pair
of input terminals 10 and 11 adapted to be connected to,
for example, skin electrodes attached to a patient for
monitoring biopotentials or bioimpedances. A transistor
Q; is connected to the emitters of the transistors Q; and
Q; to provide a constant current thereto in a manner well
known to those skilled in the art. A network comprising
resistors 12, 13 and 14 is provided together with a po-
tentiometer 15 to properly balance the differential am-
plifier in order to avoid having to select exactly matched
transistors Q; and Q,. Load resistors 21 and 22 are con-
nected to the collectors of the transistors Q; and Q.

Power for the operation of the differential amplifier is
provided by sources 23 and 24 through current transmit-
ting transistors Q, and Qs. For a differential amplifier
employing npn transistors, the potential source 23 is con-
nected with its negative terminal connected to a point of
reference potential, or ground, and its positive terminal
to the emitter of the pnp transistor Q4 The source of
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potential 24 is then connected to the emitter of the npn
transistor Qz with the positive terminal connected to the
point of reference potential and the negative terminal
connected to the emitter of the npn transistor Qg. Current
limiting resistors 25 and 26 are connected in series with
the emitters of the transistors Qg and Q;, and are optional
in the illustrated embodiment.

The current transmitting transistors Q, and Qs are en-
abled, or biased on, by transistors Qg and Q. The npn
transistor Qg has its collector connected directly to the
base of the tramsistor Q4 and its base connected to the
point of reference potential. In that manner, the current
transmitting transistor Q, is enabled only while the control
transistor Qg is also biased on. Since it is an npn tran-
sistor, and has its emitter connected to the emitter of
the transistor Qs by a current limiting resistor 27, it will
be biased on only as long as the negative potential source
24 is operating to provide a negative potential and there-
fore current to the emitter of the transistor Qs to there-
by bias the base-emitter junction of the transistor Qg in
the forward direction. The emitter of the pnp transistor
Qy is connected to the emitter of the pnp transistor Qg
through a current limiting resistor 28. While the source
of potential 23 is operating to provide a positive potential
at the emitter of the transistor Qg and therefore current
thereto, the base-emitter junction of the tramsistor Qy is
biased in the forward direction.

While both sources of potential 23 and 24 are operat-
ing, both control transistors Qg and Q; are turned on and
the current transmitting transistors Q and Qs are there-
fore also enabled or turned on. Should either source of
potential 23 or 24 fail, the control transistor associated
with the current transmitting transistor connected to the
other source of potential will detect the failure by having
its base-emitter junction zero biased, thereby interrupting
base currents to the current transmitting transistor con-
trolled thereby. For example, if the source of potential 23
fails, the base-emitter junction of the transistor Qg is then
no longer sufficiently forward biased for it to conduct base
current to the current transmitting transistor Qs. Accord-
ingly, the current supplied to the collector of the transis-
tor Qs is cut off. Similarly if the source of potential 24
fails, the control transistor Qg detects the failure and
interrupts base current to the transistor Qg so that cur-
rent transmitted through the transistor Q, is interrupted.
In that manner, the failure of either source of potential
23 or 24 to provide current to the differential amplifier
will cause the current from the remaining source of po-
tentjal to be interrupted.

If both positive and negative sources of potential to
the differential amplifier are not shut down when one
source of potential fails, a transient, or step change of
current can occur in the input terminals or base electrodes
of the transistors Q; and Q, resulting in potentially haz-
ardous current being supplied to the patient connected
thereto for the reason that the transistors Q; and Q, then
function simply as junction diodes between the base elec-
rodes and collector or emitter electrodes, depending
upon whether the positive or negative power supply fails.

The constant current source (transistor Qg and its asso-
ciated biasing network) supplies the necessary bias cur-
rent through both halves of the differential amplifier into
the two identical load resistors 21 and 22. The current
normally divides equally between the two load resistors
such that the voltage between two output terminals 31 and
32 is zero. The potentiometer 15 is adjusted to realize this
zero output voltage between the output terminals in the
absence of an input signal at the input terminals 16 and
11. In the presence of an input signal, the currents through
the two load resistors become unequal and a differential
output voltage is developed at the output terminals 31 and
32 in the usual manner.

It should be noted that the two halves of the amplifier
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spective forward current-transfer ratios g are high. If
either side were allowed to saturate, its current-transfer
ratio would drop to a low value and a large base current
would result. That could occur, for example, if the input
terminal 11 should become disconnected from the patient
while the input terminal 10 remains connected such that
the transistor Q; would be cut off and the transistor Q
driven toward saturation. For instance, assuming a con-
stant current of two milliamperes from the transistor Qs,
the load resistors 21 and 22 conduct substantially equal
currents of one milliampere. In the absence of an input
signal, the current through each resistor would be equal
to exactly one milliampere. The value selected for each
of the resistors 21 and 22 is such that the output terminal
connected to each remains at zero volts with respect to
the other in the absence of any input signal. Assuming
a B for the transistors Q; and Q, of 100 while they are
operating in their linear regions, and an input signal of
10 to 20 nanoamperes, at, for example, the input terminal
1%, the current through the resistor 22 will increase cor-
respondingly from 1000 to 2000 nanoamperes.

If either of the input terminals 10 and 11 should
become disconnected from the patient, or should either
of the transistors Q, and Q, fail, all of the current carried
by the two halves of the amplifier must be carried by
the remaining half of the amplifier having its input
terminal still connected to the patient thereby causing
that half of the differential amplifier to saturate. For in-
stance, if the connection between the patient and the
input terminal 11 were to become disconnected or the
transistor Q, were to otherwise be caused to cease conduc-
tion, the current normally flowing therethrough would be
diverted to the remaining transistor Q;. The current trans-
fer ratio g of the tramsistor Q; would then drop toward
zero owing to the large drop in collector potential, which
would result in a large increase in the base current, The
result would be a large increase in current between the
amplifier input terminal 10 and the patient. That increased
current is commonly referred to as “ejection” current since
the amplifier is then functioning as a current source for
the connection to the patient.

To prevent ejection current from flowing through the
patient, it is necessary to prevent a given transistor of
a differential amplifier from being driven toward satura-
tion when the other transistor fails or conduction there-
through is otherwise cut off. That is accomplished in
accordance with the present invention by connecting a
pair of oppositely poled diodes D; and D, in parallel be-
tween the collector electrodes of the transistors Q; and
Q.. If, as in the previous example, the transistor Q,
should cease to conduct for any reason, the collector
current normally flowing therethrough is shunted by the
diode D, such that the current through the resistor 21
remains substantially the same after the failure as before
at a level approximately equal to half the current supplied
by the current source transistor Qg depending upon the
value of the input signal at the input terminnal 1¢. The
current transfer ratio of the transistor Q, then remains
substantially the same because the collector voltage of
transistor Q; remains substantially the same and an ejec-
tion current is not caused to flow through the patient.

Since the input signals at the terminals 19 and 11 are
in the low millivolt range, the diodes D; and D, do not
become sufficiently forward biased to conduct during the
normal operation of the differential amplifier, which
is with both transistors Q, and Q functioning properly
with connections to their respective base electrodes. Junc-
tion diodes preferably of silicon are employed for this
purpose.

FIG. 2 illustrates a pair of transistors Qg and Q, which,
connected in the manner shown, function as a single
transistor with a higher current transfer ratio equal to the
product of the current transfer ratios of the two individual
transistors. The terminal 35 functions as the base elec-
trode while the terminals 36 and 37 function as the emitter
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and collector electrodes of the pair commonly referred
to as a pnp/npn compound block.

While the principles of the invention have now been
made clear in an illustrative embodiment, there will be
immediately obvious to those skilled in the art many
modifications which are particularly adapted for specific
environments and operating requirements, without depart-
ing from those principles. The appended claims are
therefore intended to cover and embrace any such modi-
fications, within the limits only of the true spirit and
scope of the invention.

What is claimed is:

1. In electronic patient monitoring apparatus, a system
for insuring against hazardous current flow between the
patient and the apparatus comprising

first and second power supply sources connected in

circuit,

first and second current transmitting means in series

with said first and second sources, respectively,

first control means for detecting the absence of power

supply voltage to said first transmitting means and in
response thereto for disabling said second current
transmitting means to prevent current from being
transmitted therethrough, and

second control means for detecting the absence of power

supply voltage to said second current transmitting
means and in response thereto for disabling said
first current transmitting means to prevent current
from being transmitted therethrough.

2. In electronic patient montoring apparatus, the com-
bination defined by claim 1 wherein said first and second
power supply sources are of opposite polarity with re-
spect to a point of reference potential common to both
sources,

said first and second current transmitting means com-

prise first and second transistors, respectively, the
first transistor being of one conductivity type, and
the second transistor of the opposite conductivity
type, said first and second transistors each having its
respective emitter connected to said first and second
sources of potential,

said first control means comprises a third transistor of

the same conductivity type as said second transistor,
said third transistor having its emitter electrode con-
nected to the emitter electrode of said second tran-
sistor, its collector electrode connected to the base
electrode of said first tramsistor, and its base elec-
trode connected to said point of reference potential,
and

said second control means comprises a fourth tran-

sistor of the same conductivity type as said first
transistor, said fourth transistor having its emitter
electrode connected to the emitter electrode of said
first transistor, its collector electrode connected to
the base electrode of said second transistor, and
its base electrode connected to said point of reference
potential.

3. In electronic patient monitoring apparatus, the com-
bination defined by claim 1 including an input differential
amplifier comprising

means connected in series with said first current trans-

mitting means for producing a constant current,

a pair of active elements, each having a first electrode

connected to said constant current means, a second
electrode and a control electrode,
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means for deriving an output signal from each of said 65

active elements including first and second resistors
connected in series with the second electrodes of
said first and second active elements, respectively,
and said second current transmitting means,

first and second means for connecting the control
electrodes of said first and second active elements
to said patient, and

a pair of oppositely poled diodes connected in parallel
between the second electrodes of said first and second
active elements, whereby said input differential ampli-
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fier is effective to amplify normal biopotentials, but
prevented by said diodes from ejecting hazardous
current to the patient.

4, In electronic patient monitoring apparatus, the com-
bination as defined by claim 3 wherein said active ele-
ments are transistors.

5. In electronic patient monitoring apparatus, the com-
bination defined by claim 3 wherein said first and second
power supply sources are of opposite polarity with respect
to a point of reference potential common to both
sources, -

said first and second current transmitting means com-
prise first and second transistors, respectively, the
first transistor being of one conductivity type, and the
second transistor of the opposite conductivity type,

" said first and second transistors each having its re-
spective emitter connected to said first and second
sources of potential by a resistor,

said first control means comprises a third transistor of
the same conductivity type as said second transistor,
said third transistor having its emitter electrode
connected to the emitter electrode of said second
transistor, its collector electrode connected to the
base electrode of said first transistor, and its base
electrode connected to said point of reference po-
tenial and

said second control means comprises a fourth tran-
sistor of the same conductivity type as said first tran-
sistor, said fourth transistor having its emitter elec-
trode connected to the emitter electrode of said first
transistor, its collector electrode connected to the
base electrode of said second transistor, and its base
electrode connected to said point of reference po-
tential

6. In electronic patient monitoring apparatus, an input
differential amplifier comprising

a power supply,

a pair of active elements, each having a first electrode
connected to one side of said power supply, a second
electrode and a control electrode,

means for deriving an output signal from each of said
active elements including first and second resistors
connected in series with the second electrodes of
said first and second active elements, respectively,
and the other side of said power supply,

first and second means for connecting the control elec-
trodes of said first and second active elements to
said patient, and

a pair of oppositely poled diodes connected in parallel
between the second electrodes of said first and second
active elements, whereby said input differential
amplifier is effective to amplify normal biopotentials,
‘but prevented by said diodes from ejecting hazardous
current to the patient.

7. In electronic patient monitoring apparatus, the com-
bination as defined by claim 6 wherein said active ele-
ments are transistors.

8. In electronic patient monitoring apparatus, the com-
bination as defined by claim 6 comprising in addition a
constant current source connected in circuit between the
one side of said power supply and said first electrodes of
each of said active elements.
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