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reference pressure and adjusting it to a pressure below a
level representing the minimum pressure which will stop
blood flow and the release of anesthetic agent past cuff 4; if
so, the state of cufl 6 is then tested (702) and if cuff 6 is
deflated or pressurized below a level representing the mini-
mum pressure which will stop blood flow and the release of
anesthetic agent past cuff 6, a safety interlock signal is
generated (704) which prevents the initiated deflation of cuff
4 or initiated cuff 4 reference pressure adjustment from
occurring in the absence of user confirmation; otherwise the
safety interlock signal is not produced and cuff 4 deflation or
reference pressure adjustment proceeds (706). In the pre-
ferred embodiment, a cuff is defined to be deflated if the cuff
pressure is less than a level of 10 mmHg, and the level
representing the minimum pressure which will stop blood
flow and the release of anesthetic agent past a cuff is set {o
be the Limb Occlusion Pressure for that cuff determined
automatically as described above, It will be appreciated by
those normally skilled in the art that alternate mechanisms
and embodiments may be employed for determining and
setting the pressure levels used in testing the states of cuffs;
for example, the levels may be preset to other pressures, or
the preset levels may be adjustable by a user. After produc-
ing a safety interlock signal (704) control is passed to a
subrouting (708) for displaying a warning message on
display panel 20 and generating an audio alarm tone. Control
is next passed to a subroutine (710) which displays a menu
command for requiring the user to confirm that the deflation
or depressurization of cuff 4 below the level is intended
while cuff 6 is deflated or pressurized to the low level. The
safety interlock subroutine continues by testing whether
depressurization of cuff 6 to a potentially unsafe low pres-
sure has been initiated by the user (712), either by selecting
a menu command for the deflation of cuff 6 and activating
switch 22, or by selecting the cuff 6 reference pressure and
adjusting’ it to a pressure below a level representing the
minimum pressure which will stop blood flow and the
release of anesthetic agent past cuff 6; if so, the state of cuff
4 is then tested (714) and if cuff 4 is deflated or pressurized
below a level representing the minimum pressure which will
stop blood flow and the release of apesthetic agent past cuff
4, a safety interlock signal is generated (716) which prevents
the initiated deflation of cuff 6 or initiated cuff 6 reference
pressure adjustment from occurring in the absence of user
confirmation; otherwise the safety interlock signal is not
produced and cuff 6 deflation or reference pressure adjust-
ment proceeds (718). After producing a safety interlock
signal (716) control is passed to a subroutine (720) for
displaying a warning message on display panel 20 and
generating an audio alarm tone. Control is next passed to a
subroutine (722) which displays a menu command for
requiring the user to confirm that the deflation or depres-
surization of cuff 6 below the level is intended while cuff 4
is deflated or pressurized to the low level.

As shown in FIG, 7 the safety interlock subroutine
continues by testing (724) whether a menu command for
confirming the potentially unsafe deflation or depressuriza-
tion of cuff 4 is currently displayed on display panel 20. If
the menu command has been displayed for greater than 5§
seconds (726), control is passed to a subroutine (728) for
removing {rom display panel 20 and thereby making
unavailable to the user the menu command for confirming
the deflation or depressurization of cuff 4. If the menu
command for confirming the deflation or depressurization of
cuff 4 is displayed, and is selected by the user and switch 22
is activated (730), control is passed to a subroutine (732) for
producing a confirmation signal which will permit the
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initiated defiation or depressurization of cuff 4 to proceed.
The safety interlock subroutine continues by testing (734)
whether 2 menu command for confirming the potentially
unsafe deflation or depressurization of cuff 6 is currently
displayed on display panel 20. If the menu command has
been displayed for greater than 5 seconds (736), control is
passed to a subroutine (738) for removing from display
panel 20 and thereby making unavailable to the user the
menu command for confirming the deflation or depressur-
ization of cuff 6. If the menu command for confirming the
deflation or depressurization of cuff 6 is displayed, and is
selected by the user and switch 22 is activated (740), control
is passed to a subroutine (742) for producing a confirmation
signal which will permit the initiated deflation or depres-
surization of cuff 6 to proceed. Control is then returned to the
main program depicted in FIG. 6. .

Referring to the flowchart depicted in FIG. 6, it can be
seen that if the operating mode signal is set to “Single Cuff
Mode”, only the controls and parameters referring to cuff 4
will be displayed and available to the user.

As can be seen in FIG. 6, after completion of specific
operations related to the specific level of the operating mode
signal, Control then passes to a “process user input” sub-
routine (616) for processing user input, and this subroutine
communicates with the subroutine “read selector” via global
variables to update the currently displayed menu commands
and parameters in response {o the rotation and activation of
switch 22. This subroutine may also pass control to other
subroutines or parts of the main program based on menu
commands selected by the user. Upon completion, this
subroutine returns control to the main program.

As indicated in FIG. 6, if the user has initiated an event
(618) by inflating a cuff, deflating a cuff, adjusting the level
of a cuff reference pressure signal, adjusting the level of cufl
inflation time limit signal, adjusting the level of the operat-
ing mode signal or silence an audio alarm; control is next
passed to a subroutine (620) which records the eventin event
register 58. An event is recorded by communicating to event
register 58: the time of the event as read from real time clock
£2; a value identifying which one of a specified set of events
occurred; and the values at the time of the event of the
following parameters: operating mode signal, cuff 4 pressure
signal; cuff 4 pressure reference signal; cuff 4 inflation time,
cuff 4 inflation time limit; cuff 6 pressure signal; cull 6
pressure reference signal; cuff 6 inflation time, cuff 6 infla-
tion time limit; and recommended cuff pressure, when the
event occurred. Control is then returned to the main pro-
gram.

As shown in FIG. 6, control in the main program loop is
next passed to subroutine (622) which tests for alarm
conditions. If an alarm condition is present (624), such as
cuff over-pressurization, cuff under-pressurization, or
exceeding an inflation time limit, control is passed to a
subroutine {(626) which initiates the generation of an alarm
tone and displays on display panel 20 pre-assigned text
messages indicating the cuff to which the alarm refers and
the actual alarm condition present. Control is next passed to
a subroutine (628) which records the alarm event in event
register 58. An alarm event is recorded by communicating to
event register 58: the time of the event as read from real time
clock 52; a value identifying which one of a specified set of
alarm events occurred; and the values at the time of the event
of the following parameters: operating mode signal, cuff 4
pressure signal; cuff 4 pressure reference signal; cuff 4
inflation time, cuff 4 inflation time limit; cuff 6 pressure
signal; cuff 6 pressure reference signal; cuff 6 inflation time,
cufl 6 inflation time Hmit; and recommended cuff pressure,
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when the event occurred. Control is then returned to the
main program. If alarms conditions are not present at the
completion of the test for alarm conditions, control is passed
to a subroutine {630) for clearing any previously displayed
alarm messages and deactivating, if active, the andio alarm.
Control is then returned to the main program.

If the user has, by means of selecting the appropriate
menu command, enabled the printing of events (632), then
control is next transferred to a subroutine (634) to format
and send registered events to the printer. This subroutine
retrieves events from the event register 58, formats the
retained event information as an ASCII text siring suitable
for printing on event register printer 62 and signals the
subroutine “read selector” which sends characters to the
printer that a string is available be printed. Conirol is then
returned to the main program.

Also as indicated in FIG. 6, if the user has initiated a
determination of recommended cuff pressure for cufl 4 or
cuff 6 if alternatively selected by the user (634), control is
passed to a subroutine for doing so. This subroutine (636)
controls the sequencing of cufl inflation and deflation and
performs the activities related to determining a recom-
mended a cuff pressure as follows. If the user has selected a
determination for cuff 4, the blood flow signal from sensor
10 is first analyzed and shown on display panel 20. The
value of the cuff pressure reference signal for cuff 4 is then
set to 50 mmHg which causes the pressure in cuff 4 to
increase o 50 mmbg. Next, the level of the blood flow
signal being produced by sensor 10 is stored. The cuff 4
pressure reference signal is then increased up from 50
mmHg in discrete steps of 10 mmHg or 5 mmHg as follows.
If the level of the current blood flow signal from sensor 10
is greater than or equal o 50 percent of the previously stored
blood flow signal level, the cuff 4 pressure reference signal
is increased in steps of 10 mmHg. If the level of the current
blood flow signal from sensor 16 is less than 50 percent of
the previously stored blood flow signal, the cuff 4 pressure
reference signal is increased in steps of 5 mmHg. The
pressure reference signal for cuff 4, and thercby the pressure
in cuff 4 continue to be increased until the pressure reference
signal for cufl 4 exceeds 300 mmHg or the level of the
current blood flow signal from sensor 10 is less than 3
percent of the previously stored blood flow signal level. If
the cuff 4 reference level exceeds 300 mmbg the determi-
nation of a recommended cuff pressure is terminated and the
user of instrument 2 informed by messages displayed on
display panel 28 that the determination was unsuccessful.
The level of the pressure signal from cuff 4 corresponding to
the Towest level at which the level of the current blood flow
signal from sensor 10 is less than 3 percent of the previously
stored blood flow signal level is considered to represent the
“Limb Occlusion Pressure” and is used to calculate the
Recommended Cuff Pressure, as follows. If the Limb Occlu-
sion Pressure is less than or equal to 130 mmig a safety
margin of 40 mmHg is added to estimate the Recommended
Cuff Pressure: if the Limb Occlusion Pressure is greater than
130 mmHg and no grater than 190 mmHg, a safety margin
of 60 mmHg is added to estimate the Recommended Cuff
Pressure; and if the Limb Occlusion Pressure is greater than
19¢ mmHg, a safety margin of 80 mmHg is added to
estimate the Recommended Cuff Pressure. This Recom-
mended Cuff Pressure level is displayed on display panel 20
and the cuff pressure reference signal is adjusted by micro-
processor 28 to be equivalent to the level of the Recom-
mended Cuff Pressure. Alternatively, if the user has initiated
a determination of Recommended Cuff Pressure for cuff 6,
the subroutine performs the same steps as described above
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for cuff 4 except the cufl 6 pressure reference and cull 6
pressure signals are used.

Control is next passed to a subroutine (638) which records
in event register 58 the results of the determination. A
recommend cuff pressure event is recorded by communicat-
ing o event register 58: the time of the event as read from
real time clock 52; a value identifying which one of a
specified set of events occurred; and the values at the time
of the event of the following parameters: operating mode
signal, cuff 4 pressure signal; cuff 4 pressure reference
signal; cuff 4 inflation time, cuff 4 inflation time limit; cuff
6 pressure signal; cufl 6 pressure reference signal; cuff 6
inflation time, cuff 6 inflation time limit; and recommended
cuff pressure, when the event occurred. Control is then
retarned to the main program.

As depicted in FIG. 6, the software includes provision for
the user to delete all entries from event register 58. This
might be desired by the user, for example, at the completion
a surgical procedure. If the user has selected the appropriate
menu command (640), control is passed to a subroutine
(642) which deletes all entries in the event register. Control
is then returned to the main program.

The main program shown in FIG. 6 continues by looping
through the steps described above until such time as elec-
trical power required for the operation of the preferred
embodiment is removed or an error in program execution is
detected and the program is halted by microprocessor 28.

The flow chart depicted in FIG. 8 refers to the subroutine
“read selector”. This subroutine is initiated by the software
timer interrupt system of microprocessor 28 and runs asyn-
chronously with the main program. The subroutine commu-
nicates with the main program through global variables.
Upon entry, the subroutine schedules itself to run again in
one millisecond (800). If an ASCII text string describing a
registered event is to be printed (802), the status of event
register printer 62 is polled and, if event register printer 62
is ready (804), a character is sent to event register printer 62
(806).

As next shown in FIG. 8, the status of the push-button of
switch 22 is then polled to see if it is depressed (B08): if it
is, this communicated to the main program (810). The
current position of the selector portion of switch 22 is then
polled (812) and, if the position of the selector has changed
since the last time it was polled by this routine (814), the
direction {clockwise or counter clockwise rotation) and
amount of change in position is communicated to the main
program (816). The subroutine then terminates, and restarts
again one milliseconds after its last initiation,

The flow chart depicted in FIG. 9 refers to the subroutine
“regulate”. This subroutine controls the pneumatic system
{pump 40, valves 26 and 38 ) and pre-processes input from
sensor 10. This subroutine is also initiated by the sofiware
timer interrupt system of microprocessor 28 and runs asyn-
chronously with the main program. The subroutine commu-
nicates with the main program through global variables.

As shown in detail in FIG. 9, upon entry, subroutine
“regulate” schedules itself to run again in 30 ms (900). Next
(902), the level of the pressure signal from pressure trans-
ducer 46 is read to indicaie the pressure in reservoir 34 and
compared to a reservoir reference pressure level which is set
at 100 mmHg above the greater of the cuff 4 and cuff 6
reference pressure levels; if the pressure in the reservoir is
remains under the reference level by more than 20 mmHg
for 300 ms, pump 40 is activated. If the pressure in the
reservoir remains above the reference level by 20 mmHg for
300 ms, pump 40 is deactivated.
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Also in subroutine “regulate” shown in FIG. 98, (904) the
level of the pressure signal from pressure transducer 24 is
read to indicate the pressure in cuff 4. This pressure is
subtracted from the reference pressure for cuff 4, and the
magnitude and polarity of the resulting difference signal is
used to control the selection and opening times of valves 26,
thereby regulating the pressure in cuff 4 at the reference
level within +/~1 mmHg. Also (906), the level of the
pressure signal from pressure transducer 36 is read (o
indicate the pressure in cuff 6, if pressurized. This pressure
is subtracted from the reference pressure for cuff 6, and the
magnitude and polarity of the resulting difference signal is
used to control the selection and opening times of valves 38,
thereby regulating the pressure in cuff 6 at the reference
level within +/—1 mmHg. Finally in subroutine “regulate”, if
a determination of recommended cuff pressure is in progress
(908), the level of the bloed flow signal from sensor 18 is
read and processed (910). The amplitude of this blood flow
signal is delermined and communicated to the main pro-
gram,

[t is to be understood that the invention is not to be limited
to the details herein given but may be modified within the
scope of the appended claims.

We claim:

1. Safety apparatus for dual cuff tourniquet system, com-
prising:

an inflatable and deflatable first cuff;

an inflatable and deflatable second cuff;

monitoring means for monitoring pressure in the first and
second cuffs;

control means for permitting an operator to initiate infla-
tion of the first and second cuffs above a minimum
pressure level, and for permitting an operator to initiate
deflation of the first and second cuffs; and

safety means connected to the monitoring means and to
the control means and dependent upon the level of
pressure in the first cuff for preventing deflation of the
second cuff if the pressure level in the first cuff is
beneath the minimum pressure level and for allowing
deflation of the second cufl if the pressure level in the
first cuff is not beneath the minimum pressure level.

2. The apparatus of claim 1 whercin the safety means
includes interlock means for preventing deflation of the
sccond cuff in the absence of a manipulation of the apparatus
to confirm the deflation of the second cuff.

3. The apparatus of claim 2 wherein the safety means
includes confirmation means for generating a confirmation
signal in responsc to the manipulation of the apparatus 1o
confirm the deflation of the second cuff, to which confir-
mation signal the control means responds for deflating the
second cuff.

4. The apparatus of claim 3 wherein the safety means
establishes a time period following the generation of the
interlock signal during which period the manipulation of the
apparatus to confirm the deflation of the second cuff will
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cause generation of the confirmation signal and after which
period manipulation of the apparatus to confirm the attempt
to initiate deflation of the second cuff will not cause gen-
eration of the confirmation signal.

5. The apparatus of claim 2 including alert means for
providing a signal to art operator of the need for the
operator’s manipulation of the apparatus to confirm the
deflation of the second cuff,

6. The apparatus of claim 2 wherein the control means
includes recommended pressure means for automatic deter-
mination of the minimum pressure level.

7. The apparatus of claim 2 wherein the control means
includes reference pressure setting means for permitting the
operator to establish the minimum pressure level at any
pressure level within a range of pressure levels.

8. The apparatus of claim 2 wherein the minimum pres-
sure level is less than about 10 mmHg.

9. The apparatus of claim 2 further comprising pressure
regulating means for maintaining the pressure in the first and
second cuffs at associated first and second predetermined
levels.

16. The apparatus of claim 9 wherein the control means
includes recommended pressure means for automatic deter-
mination of the minimum pressure level.

11. The apparatus of claim 9 wherein the control means
includes reference pressure setting means for permitting the
operator to establish the minimum pressure level at any
pressure level within a range of pressure levels.

12. The apparatus of claim 1 wherein the minimum
pressure level is that suitable for preventing blood flow past
the first culf within a limb to which the first and second cuff
are applied.

13. The apparatus of claim 12 wherein the safety means
includes interlock means for generating an interlock signal
to which the control means responds for preventing deflation
of the second cuff in the absence of a manipulation of the
apparatus to confirm the deflation of the second cuff.

14. A method for safely deflating cuffs in a dual cuff
tourniguet apparatus that can be manipulated by an operator
to separately initiaic inflation and deflation of both of the
cuffs, comprising the steps of

monitoring pressure levels in the first and second cuffs;

detecting the operator’s attempt to initiate deflation of the
second cuff while the pressure level in the first cuff is
bencath a minimum pressure level; and

preventing deflation of the second cuff in the absence of

the operator’s manipulation of the apparatus to confirm
the detected attempt to initiate deflation of the second
cuff only if the pressure level in the first cuff is beneath
the minimum pressure level.

15. The method of claim 14 including the step of estab-
lishing as the minimum pressure level a pressure level is that
suitable for preventing blood flow past the first cuff within
a limb to which the tourniquet apparatus is applied.
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