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(57) Abstract

An automatic pneumatic tourniquet apparatus for occluding blood flow in a person’s limb includes an adjustable
pneumatic tourniquet (16) operable to vary the pressure applied about the limb, a systolic blood pressure monitor (14) and
a control circuit responsive to changes in the blood pressure measured by the pressure monitor to operate the tourniquet to
maintain the pressure about the limb at a level greater than the person’s blood pressure by a predetermined amount. The
apparatus maintains tourniquet pressure at a minimum acceptable level and thereby minimizes nerve damage caused by
the compression of the tourniquet on nerve tissues over long periods.
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10 - " PRESSURE-RESPONSIVE TOURNIQUET"

Technical Field
The present invention relates to tourniguets

utilized to provide a bloodless operative field during
15 surgery on the extremities of the body, and more
particularly relates to a pressure-responsive,

self~adjusting pneumatic tourniguet.

Background Art _
20 During surgery on the upper and lower
extremities of the body, it is highly desirable to

provide a bloodless field in order to shorten the
operating time and thus decrease the surgical and
anesthetic risk to the patient. In many operative
25 procedures, it is necessary to cut off essentially all
blood flow in a limb by using a tourniguét. Pneumatic
tourniquets, such as the Kidde pneumatic tourniguet
described in U.S. Patents 3,085,599 and 2,884,941,
have been widely useé for this purpose. Fluid, such
30 as compressed air, is supplied to a cuff surrounding
the limb at a manually-set arbitrary level of 300-500
mm Hg for a recommended duration of up to one and
one~half hours.
Many complications associated with the use

35 of pneumatic tourniguets have been reported in medical
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- literature. The most frequently reported have been
nerve palsies arising from a slowing resolving nerve
compression syndrome secdndary to the use of the
pneuﬁatic tourniguet. Such nerve palsies can greatly

5 delay the patient's rehabilitation. Tourniquet-related
problems have been reported in the following articles:
Rorabeck, "Tourniguet-Induced Nerve Ischemia: An
Experimental Investigation™, THE 'JOURNAL OF TRAUMA,
Vol. 20, No. 4, pages 280-286 (1980); Weingarden,

10 rouis and Waylonis, "Electromyographic Changes in
Postmeniscectomy Patients", JAMA, Vol. 241, No. 12,
pages 1248-1250 (March 23, 1879). It has been
concluded that the fluid pressure supplied to the cuff
of a pneumatic tourniguet should be maintained as low

15 as possible with respect to the patient's systolic
blood pressure.

Measurement of a patient's blood pressure is
possible using non-invasive monitoring equipment.
Such monitoring equipment typically uses one or two

20 pressure cuffs, as shown in U.S. Patents 2,193,945,

3,779,235 and 4,167,181. However, there has been no
suggestion in the art that the pressure applied by a
tourniquet cuff be automatically adjusted in response
to changes in a patient's blood pressure to maintain

25 the tourniquet cuff pressure at the minimum acceptable

value above the patient's blood pressure.

Summary of the Invention

The present invention provides a method and &
30 apparatus for automatically maintaining the pressure
applied by a tourniguet cuff at a level selected to s
minimize nerve dJdamage to each individual patient.
Generally described, an automatic tourniguet apparatus
according to the present invention for occluding blood

35 flow in a person's 1limb comprises a tourniquet
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operable to adjust the pressure applied about the limb

by the tournigquet, pressure monitoring means for

measuring the person's blood pressure, and means

responsive to changes in the person's blood pressure

5 for operating the tourniquet to maintain pressure

about the limb at a level greater than the person's

blood pressure by a predetermined amount. The method

of occluding blood flow in a person's limb according

to the present invention comprises the steps of

10 'applying pressure about the limb with an adjustable

' tourniquet, monitoring the person's blood pressure,

and, responsive to changes in the person's blood

pressure, adjusting the tourniquet to maintain

application of pressure about the 1limb at a level

15 greater than the person's blood pressure by a

predetermined amount.

The tournigiet "utilized in an apparatus

embodying the invention preferably comprises a

pneumatic tourniquet operable by inflating a cuff

20 surrounding the person's 1limb, and the preésure

monitoring means preferably comprises a non-invasive

cuff means for measuring systolic pressure. The means

for operating the tourniguet in response to changes in

blood pressure preferably comprises a means for

25 measuring the pressure applied by the tourniguet,

comparétor means for comparing the pressure applied by

the tourniquet with the person's blood pressure, and

means responsive to the pressure applied by the

tourniquet being greater than the person's blood

30 pressure by more or less than the predetermined amount

for lowering or ‘raising, respectively, the pressure

applied by. the tourniguet. Variations in the person's

blood pressure can occur during surgery as a result of
reaction to anesthesia or surgical stimulation.

35 Thus, it 1is an object of the present
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invention to provide an automatic tournigquet apparatus

and method which minimizes nerve damage caused by the

compressive force of the tournigquet about a limb. »
It is a further object of the present

5 invention to provide an automatic tourniguet apparatus .
which measures a person's systolic blood pressure and
maintains pressure applied about a 1limb by said
tourniquet at a predetermined level above the systolic .
blood pressure.

10 It is a further object of the present
invention to provide a method and eapparatus for
occluding blood flow in a person's 1limb in aﬂ
individualized manner for any perscn. ‘

It is a further object of the present

15 invention to provide an automatic tourniguet apparatus
that is less subject to operator error and therefore
safer than prior manualiy—operated tourniquets.

Other objects, features and advantages of
the present invention will become apparent upon

20 reading the following detailed description of a

preferred embodiment, when taken in conjunction with

* the drawing.

Brief Description of the Drawing

25 The Figure is a diagrammatic representation
of an automatic tourniguet apparatus embodying the

present invention.

Detailed Description

30 Referring now in more detail to the drawing,
the Figure shows a diagrammatic representation of
circuit elements of an automatic tourniquet apparatus
10 embodying the present invention. A fluid 1line 12
leads from a pressure cuff (not shown) of conventional

35 construction to a non-invasive pressure monitor 14.
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The pressure monitor 14 preferably comprises the unit
sold by Critikon, Inc. of Tampa, Florida under the
trademark "DYNAMAP" Model 845. The DYNAMAP monitor
measures systolic and diastolic pressure, mean
arterial pressure and heart rate using the
oscillometric method. The circuitry of the pressure
monitor 14 causes the cuff to be inflated sufficiently
to occlude the artery, and then deflates the cuff
incrementally while monitoring pulses introduced into

.the cuff by pulsations of the arteries. The monitor

14 determines where such pulsations increase, peak and
decrease, and interprets such data to provide digital
displays of the blood preséure and pulse measurements.
A digital systolic display 15 displays the parameter
relevant to operation of the present invention.

The apparatus shown in the Figure also
includes a pneu@atic.tourniquet 16, elements of which
are shown diagrammaégcaliy in the figure. The
pnuematic tourniguet 16 1is preferably a Kidde
pneumatic tourniguet as shown and described in U.S.
Patent 3,085,599, issued April 16, 1963 to J.
Kronheim. Said patent 1is expressly incorporated
herein by reference in its entirety. The Kidde
pneumatic tourniguet includes a conventional pneumatic
cuff which surrounds the limb upon which surgery will
be performed and a pressure regulator (not shown .in
the present drawing). A fluid 1line 17 from the
tourniquet cuff is ~connected to a conventional
pressure transducer 18. The pressure transducer 18
provides an analog output which is digitized by analog
to digital converter 24, ~'the output of which
represents the pressure within the tourniguet cuff and
is displayed by a digital tourniquet pressure display
25. 7

An electrical line 19 is connected to the

&
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digital systolic pressure output of the pressure
monitor 14, and carries such signal to an adder 20.
An increment signal generator 21 provides another
input to the adder 20. Increment signal generator 21
5 may be embodied by any switching arrangement, such as
a pluralit& of thumbwheel switches, which provides an
appropriately scaled binary number to adder 20. The *
signal supplied by the increment signal generator 21
can be manually adjusted, and represents the
10  predetermined amount by which the tourniquet pressure
about the limb will be maintained above the systolic
blood pressure measured by the pressure monitor 14.
The recommended increment is 100-150 mm Bg. The cuff
connected to the 1line 12 for blood pressure
15 measurement can be placed around any limb which will
provide an accurate measurement of the- person's blood
pressure. Preferably, the blood pressure is measured
on a limb other than the 1limb upon which surgery is
being performed, so that the tourniguet on the same
20 limb cannot affect the accurecy of the blood pressure
readings.

The output of the analog to digiteal
converter 24 is connected along bus 26 to a magnitude
comparator 23, the other input of which is the output

25 signal from the adder 20 which is connected to the
comparator 23 along bus 22. The comparator 23 is a
digital device of well known construction which
compares the two input signals ang provides one of
three output signals depending on the relative

30 magnitudes of the signals being compared. If the

signal along bus 22 from the adder 20, fepresenting
the sum of ‘the =systolic blood pressure and the

increment signal, is greater than the signal on bus 26

representing the pressure within the tourniquet cuff,
the magnitude compzrator 23 ﬁrovides a "+" output. If

a2
w
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the signal along bus 26 is greater than the signal
along bus 22, then the comparator 23 provides a "-"
output signal. If the signals along buses 22 and 26
are equal, the comparatof 23 provides an "=" output

5 signal. Magnitudinal comparator 23 may be constructed
in a known manner by using one or more integrated
circuit digital magnitude comparators, for example,
the type 4063 CMOS circuit currently manufactured by
RCA.

10 . The "+" and "-" outputs of the comparator 23
are input to a selector 28 which is also of
conventional construction. The selector is activated
at regular small intervals by pulses from a pulse
generator 29 which is constructed to provide its

15 reqular pulses throughout operation of the apparatus
10 unless disabled.. The pulse generator 29 is
disabled when the comparator 23 provides an "="
output.  Pulse generator 29 is preferably embodied by
an oscillator, the output of which is gated by the "="

20 output of comparator 23. The selector 28 provides

output signals in either a clockwise ("CW") or a

counter clockwise ("CCW") mode to a digital stepping

motor 32. The stepping motor 32 is connected

mechanically by a diagrammatically shown connection 33

to a shaft 35 which is the shaft of the pneumatic

tourniquet 16 rotatable to operate the pressure

25

regulator to change the pressure within the tourniquet
cuif. The clockwise output of the selector 28
activates the motor 32 to rotate the shaft 35 a small
amount in the clockwise direction so as to decrease
the pressure applied' by thé- tourniquet 16. The
counter clockwise output of the selector 28 activates

30

the motor.- 32 to rotate the shaft 35 in the counter
clockwise direction so as to increase the pressure

35 applied by the tourniguet 16. The shaft 35 1is also
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rotatable manually by a manual pressure set control 36
which is connected mechanically to the shaft 35 by a
mechanical connection 37 diagrammatically shown in the
Figure. ’

. The apparatus 10 includes a tourniquet
on/off switch 40 which provides power to the
components of the apparatus 10 and activates a timer
41 which accumulates the time that the tourniquet has
been asserting pressure around the person's limb. The

output of the timer 41 is connected to a digital

display 42 of the duration of tourniquet application,
and also to an audible alarm 43 constructed to provide
an audible signal at predetermined intervals, such as
every fifteen minutes of tourniguet application.

In operation of a tourniquet apparatus 10
according to the present invention, the monitor cuff
and the tourniquet cuff are applied to limbs of the
person and thej;urgiégi.aiea'is prepped, draped and
exsanguinated. The manual pressure set control 36 is
adjusted to a value believed to be near the desired
increment above the person's blood pressure, and the
increment signal generator 21 is adjusted to provide
the desired pressure increment signal to the adder 20.
The'switch 40 is then turned on, initiating operation
of the timer 41 and the time display 42. Pressure is
provided to the pneumatic tourniguet’ 16, in the
conventional manner, and that pressure is measured by
the pressure transducer 18 and displayed on the
digital display 25. Power 1is at  the same time
supplied to the pressure monitor 14, which begins the

series of steps reguireé to~ measure the person's

systolic blood pressure and to display the pressure on’

the digital display 15. @ The pressure monitor 15
measures the systolic blood pressure at selected

intervals as often as once per minute. The digital

PCT/US82/01317
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systolic pressure signal is added to the increment
signal by the adder 20, and the magnitude comparator
23 compares the magnitudes of the signal from the
adder 20 and the signal fepresenting the tourniquet
5 cuff pressure measured by the transducer 18. If the
tourniquet cuff pressure is not greater than the
systolic blood pressure by at least the amount of the
predetermined increment signal, then the signal along
bus 22 will be greater than the signal along bus 26,
10 .and the magnitude comparator 23 will provide a "+"
output to the selector 28. Upon the next pulse from
the pulse generator 29, the selector 28 provides a.
counter clockwise output to the stepping motor 32.
This causes the shaft of the stepping motor 32 to
15 rotate counter clockwise a very short rotational
distance, and thereby through the mechanical
connection 33 causes the shaft 35 to rotate and
operate thé pressure regulator of the pneumatic
tourniquet 16 to ipcrease the pressure in the
20  tourniquet cuff. If the increase in pressure thus
ob%ained does not equalize the signals input to the
magnitude comparator 23, the output of the comparator
23 will remain "+" and the selector 28 upon the next
pulse of the pulse generator 25 will again cause the
25 stepping motor 32 to incrementally rotate to increase
the tournigquet cuff pressure another step.

When the magnitude of the signals along
buses 22 and 26 becomes equal, the magnitude
comparator 23 will provide an "=" output, disabling

30 the pulse generator 29. Under this condition, the
selector 28 will not be activated to step the stepping
motor 32, and the pressure in the tourniguet cuff will
remain unchanged. I1f, when the pressure monitor 14
makes a subsequent determination of systolic blood

35 Ppressure _representing a change in the person's
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systolic blood pressure, the signal along line 22 will
change by the amount of the change in systolic blood
pressure. If, for example, the change in the signal
along bus 22 represents a reduction in blood pressure,
then the signal along bus 22 will be less than the
signal along bus 26, and the pressure in the
tourniquet cuff will be greater than the systolic
blood pressure by more than the amount of the
increment signal. This will cause the magnitude

-comparator 23 to provide a "~-" output, and the pulse

generator 29 will again be enabled to activate the

selector 28. In response to an activating pulse from

the pulse generator 29 and a "-" output from the
comparator 23, the selector 28 will provide a
clockwise signal output to the stepping motor 32,
stepping the shaft of the motor 32 in a clockwise
direction and thereby cauclng the shaft 35 of the
pressure regulator of-ihe pneumatlc tournlquet 16 to
be rotated incrementally so as to slightly decrease
the pressure in the tourniquet cuff. This will be
repeated automatically until the signals to the
comparator 23 along buses 22 and 26 are equalized.

It will thus be seen that through the action
of the magnitude comparator 23, the selector 28, the
pulse generator 29 and the stepping motor 32, the
compression exerted by the tourniquet cuff about the
1imb is continually monitored and maintained at a
predetermined pressure above the systolic blood
pressure of the patient. The predetérmined amount is
determined by the setting of the increment signal
which is combined with the “systolic blood pressure
signél by the =adder 20. An automatic tourniguet
apparatus 10 embodying the present invention thus
responds to chances in the patient's blood pressure
which may occur during surgery for reasons such as

PCT/US82/01317
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1

. reaction to anesthesia or surgical stimulation. If
the pressure in the tourniguet’ cuff were to remain at
a fixed value, as has been the case in prior pneumatic
tourniquet systems, a drop in the patient's blood

5 pressure would unnecessarily increase the differential
between the pressure of the tourniquet cuff and the
blood pressure. By maintaining a desired
differential, the present invention minimizes nerve
damage caused by the compression of the tourniguet on

10 -nerve tissues.

In  addition to individualizing the
tourniquet cuff pressure for each patient as.
determined by their own physiological needs, the
present invention will minimize or eliminate accidents

15 that have occurred from time-to-time as the result of
human error by the misreading or misadjustment of
manual controls of present pneumatic tourniquets. If
the tourniquet cuff pressure is unintentionally set at
an extremely high value, the resulting damage to the

20 lir.nb below the tourniguet can result in a need for
limb amputation. This would not happen to a patient
on which the automatic tourniguet "of the present
invention is used. Further advantages include a more
accurate accounting of actual tourniguet lapsed time,

25 and reductions in hospital and patient costs through
the elimination of long rehabilitative processes now
necessitated by the slow regeneration of damaged nerve
tissue. ‘ (

It will be understood by reference to the

30 drawing that the apparatus 10 can be constructed as a
single unit or " 2s a modular unit utilizing
commercially available units for the pressure monitor
and pneumatic tourniquet components. It is preferable
to provide a central control panel including the

35 on/off switch 40, the monitor pressure display 15, the
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12

_ tourniquet pressure display 25, the tourniguet time
display 42, the auvdible alarm 43, and adjustment
controls for the increment signal generator 21.

While the preferred embodiment shown herein

5 uses digital control téchniques, it will be
appreciated that embodiments of the present invention i
using conventional analog servo mechanisms may be
constructed.

While this invention has been described in

10. .detail with particulér reference to a preferred
embodiment thereof, it will be understood that
variations and modification can be effected within the
spirit and scope of the invention as described

hereinbefore and as defined in the appended claims.

15

20

25

35
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- Claims

1. An automatic tourniquet apparatus for

occluding blood flow in a person's limb, comprising:

5 . .
a tourniguet operable to adjust the
pressure applied about said limb by said tourniquet;
pressure monitoring means for measuring
said person's blood pressure; and
10 means responsive to changes in said
person's'blood pressure for operating said tourniquet
to maintain pressure about said’ limb at a level-
greater than szid person's blood pressure by a
predetermined amount. )
15 _ . . .
2. The apparatus of Claim 1, wherein said
tourniquet comprises a pneumatic tourniquet operable
_ by inflating a cuff surrounding said person's limb.
5 . 3. The apparatus of Claim 1, wherein said
0 : . . . . .
pressure monitoring means comprises a non-invasive
cuff means for measuring systolic pressure.
25
30 -
35
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- 4. The apparatus of Claim 1, wherein saigd

means for operating said tourniguet comprises:

s

means for measuring the pressure applied
by said tourniquet; ’
5 : comparator  means for comparing the *
pressure applied by said tourniquet with said person's
blood pressure; and
' means for (a) 1lowering the pressure
applied by said tourniquet in response to said
10 pressure apﬁlied by said tourniquet being greater than
said peréon‘s blood pressure by more than said
predetermined amount, and (b) raising the pressure
applied by said tournigquet in response to said
pressure applied by said tourniguet being less than
15 said person's blood pressure or greater than said
person's blood pressure by less than said

predetermined amount. —

5. The apparatus of Claim 1 £further
20  comprising means for varying said predetermined amount

of pressure above said person's blood pressure.

6. A method of occluding blood flow in a
person's limb comprising the steps of: |
25 ) applying pressure about said limb with
an adjustable tourniquet; -
monitoring sazid person's blood pressure;
and
responsive to changes in‘said person's
30 blood pressure, adjusting said tourniquet to maintain
application of pressure zbout szid limb at a level
greater than szid person's blood pressure by a

predetermined amount.

35
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15

. 7. The method of Claim 6, wherein said step
of adjustlng said tourniguet comprises the steps of:
measurlng the pressure applied by said
tourniquet;
5 comparing the pressure applied by said
tourniquet with said person's blood pressure; and
responsive to said pressure applied by
said tourniguet being greater than said person's blood
pressure by more or less than said predetermined
_10 amount, lowering or raising, respectively, the

pressure applied by said tournigquet.

15

20
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3.D No required additional search fees were timely paid by the applicant Consequently, this infernztional search report is restricted to
the invention first mentioned in the claims; il is covered by claim numbers:

4.D As all searchable claims could be searched without effort justifying an azditional fee, the International Searching Authority did not
invite payment of any additional fee.

Remark on Protest
D The additional search fees were accompanied by applicant’s protest.
D No protest accompanied the payment of additional search fees.
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