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PHYSIOLOGIC TOURNIQUET FOR
INTRAVENOUS REGIONAL ANESTHESIA

This is a continuation-in-part of U.S. patent application
Ser. No. 07/935,785, filed Aug. 27, 1992, now U.S. Pat. No.
5,352,195, which is a continuation-in-part of U.S. patent
application Ser. No. 07/471,514, filed Jan. 29, 1990, now
U.S. Pat. No. 5,254,087.

FIELD OF THE INVENTION

This invention pertains to automated tourniquet apparatus
for use in surgery. In particular, the invention pertains to
tourniquet apparatus having a safety interlock for improved
safety in surgical procedures involving the use of intrave-
nous regional anesthesia.

BACKGROUND OF THE INVENTION

This invention pertains to apparatus for improving safety
in the administration and management of intravenous
regional anesthesia (IVRA) for both upper and lower limbs.
IVRA is an alternative to general anesthesia for limb sur-
gery. IVRA has proven to be a simple and useful technique
for satisfactorily anesthetizing the upper limb and is poten-
tially well suited for greatly expanded utilization in surgery
of lower limbs and in outpatient settings. In these settings,
which are rapidly increasing in number worldwide, there is
a large and unmet need for a rapid, simple, safe and reliable
technique for establishing 1imb anesthesia. However, sig-
nificant practical problems with the technology of IVRA in
the prior art have limited the acceptance of this promising
technique.

IVRA is an anesthetic technique which requires the use of
a pneumatic surgical tourniquet system. Surgical tourniquet
systems of the prior art typically include an inflatable cuff
for encircling a limb and an automatic pressure regulator for
maintaining a pressure applied by the cuff to the limb near
a reference pressure selected by an operator or determined
automatically. Surgical tourniquet systems are frequently
used on the upper and lower limbs to help maintain a
bloodless operative field by regulating the maximum pres-
sure applied to the limb by an encircling cuff at a pressure
sufficient to stop arterial blood flow past the cuff for the
duration of a surgical procedure. A “physiologic tourniquet”
system is generally considered to be one which has the
capability of maintaining the pressure applied by the cuff 1o
the limb near the minimum pressure required to stop the flow
of arterial blood past the cuff during the surgical procedure.

During surgical procedures performed under IVRA, the
surgical tourniquet system serves an additional role of
preventing liquid anesthetic agent introduced into the veins
in the limb distal to the cuff from flowing proximally past the
cuff and out of the limb into the circulatory system. For
surgical procedures where IVRA is to be employed, special
cuffs having dual bladders are often used for encircling the
limb, resulting in a first bladder encircling the limb above a
second bladder which also encircles the same limb distal to
the first bladder. Alternatively, two separate single-bladder
cuffs can be applied to the same limb. To maintain the
pressures applied by one dual-bladder cuff or two single-
bladder cuffs near selected reference pressures, one tourni-
quet instrument having a dual-channel automatic pressure
regulator may be employed, or two separate tourniquet
instruments, each having one automatic pressure regulator,
may be employed. Regardless of whether one dual-bladder
cuff or two separate cuffs are used, and regardless of whether
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2

one dual-channel tourniquet instrument or two single-chan-
nel tourniquet instruments are used, surgical procedures
involving IVRA are typically conducted as follows.

IVRA s typically administered as follows. A duai-bladder
cuff is first applied to the limb on which surgery is to be
performed, so that the first and second inflatable bladders of
the cuff encircle the same limb, with the first cuff bladder
being located proximal to the second, and so that both cuff
bladders are located between the heart and the operative site
on the limb. The portion of the limb distal to both bladders
is then exsanguinated, often by wrapping the limb with an
elastic bandage, beginning at the end of the limb and
wrapping tightly towards the heart up to the cuff location.
While the limb is thus exsanguinated, the tourniquet instru-
ment is typically used to inflate the first (proximal) cuff and
maintain it at a first predetermined cuff pressure sufficient to
stop the inflow of arterial blood past the first cuff bladder.
The elastic bandage is removed and a liquid anesthetic agent
such as lidocaine mixed with sterile saline is introduced into
a vein in the limb through an intravenous cannula. After a
sufficient period of time has elapsed to allow tissue distal to
the first cuff bladder to be anesthetised by the agent, the
second pneumatic channel of the tourniquet instrument {or a
second tourniquet instrument) is used to inflate the second
(distal) cuff bladder and maintain it near a second predeter-
mined pressure sufficient to stop the inflow of arterial blood
past the second cuff bladder. The first (proximal) cuff
bladder is then de-pressurized. In this manner, only the
second cuff bladder remains inflated, it applies pressure
primarily to anesthetised limb tissue encircled by the second
bladder to reduce cuff-related pain, and the portion of the
limb distal to the second cuff bladder remains anesthetised.
The anesthetic liquid is maintained in the veins in the limb
distal to the second cuff bladder as long as the second cuff
bladder remains pressurized to a sufficient pressure, thus
maintaining the regional anesthesia in the limb distal to the
second cufl bladder.

Occasionally during a surgical procedure involving the
use of IVRA, an operator may intentionally change the
pressures applied by one or both of the cuff bladders to the
limb, and may intentionally de-pressurize one or both blad-
ders of a dual-bladder cuff. This is most common during
long surgical procedures involving the use of IVRA. For
example, because the probability of injury to nerves in the
limb encircled by a pressurizing cuff bladder is known to
increase with increased pressure applied by the cuff bladder
Lo the limb, the operator may change the pressure applied by
one or both of the cuff bladders to be a pressure near to the
minimum pressure estimated to be required 1o stop the
inflow of arterial blood past the cuff bladder.

Also, during a surgical procedure involving IVRA, the
operator may re-pressurize the first (proximal) cuff bladder
to a predetermined pressure and de-pressurize the second
(distal) cuff bladder to a level near atmospheric pressure, in
order to reduce cuff pain by moving the location of pressure
applied to the limb and by allowing liquid anesthetic agent
to re-infiltrate tissue beneath the location of the second
(distal) cuff bladder. In long surgical procedures involving
IVRA, this may be followed by re-pressurization of the first
(proximal) cuff bladder to a predetermined level sufficient to
stop blood flow and leakage of liquid anesthetic agent, and
by de-pressurization of the second (distal) bladder to a
pressure near atmospheric pressure. In certain other
instances, the operator may intentionally pressurize both
cuff bladders simultaneously to a predetermined reference
pressure, for example, in order to distribute the applied
pressure over a larger area in an effort to reduce cuff-related
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pain. In still other instances, the operator may intentionally
reduce the pressure of both cuff bladders to a near-atmo-
spheric level for a period of time, for example to allow blood
to flow briefly before closing the surgical site in order to
locate bleeding vessels which require suturing or to tempo-
rarily perfuse tissue distal to the cuff.

A potentially serious hazard of IVRA is that the operator
may make an error in attempting to change the pressures
applied by one or both of the cuff bladders to the limb, or
may make an error in attempting to de-pressurize one or both
bladders the dual-bladder cuff. A serious error is one that
causes both cuff bladders to be inadvertently deflated or
depressurized simultaneously. Premature release of the lig-
uid anesthetic agent soon after its introduction, as a result of
the inadvertent deflation or depressurization of a cuff blad-
der so that both cuff bladders are at a pressure below the
minimum pressure required to stop the inflow of arterial
blood or the outflow of anesthetic liquid from the limb distal
to both cuff bladders, is a serious and recognized hazard of
prior art devices used for IVRA which may result in the
anesthetic agent entering the circulatory system in a suffi-
ciently high concentration to cause adverse reactions,
including a range of minor adverse reactions and such
serious adverse reactions as cardiovascular collapse, respi-
ratory depression, epileptic-like seizures or even death.
Also, inadvertent deflation or depressurization of a cuff
bladder So that both cuff bladders are at pressures below the
minimum pressure required to stop the inflow of arterial
blood or the outflow of anesthetic liquid from the limb distal
to the cuff, at any time after introduction of the liquid
anesthetic agent, is hazardous in that it will result in the
reduction or elimination of the regional anesthesia in the
limb distal to the cuff.

The applicant is unaware of any surgical tourniquet sys-
tem in the prior art which includes apparatus for detecting a
potentially hazardous attempt to change cuff pressure in a
procedure involving the use of IVRA that may result in the
release of liquid anesthetic agent from the limb into systemic
circulation. Further, the applicant in unaware of any surgical
tourniquet system in the prior art which, having detected
such a potentially hazardous condition, will alert the opera-
tor to the hazardous condition and will require a separate and
discrete confirmation action by the operator before changing
the cuff reference pressure to the potentially hazardous level.

SUMMARY OF THE INVENTION

The present invention provides a physiologic tourniquet
apparatus having a safety interlock for improved safety in
surgical procedures involving the use of IVRA, wherein the
safety interlock detects any potentially hazardous attempt to
change cuff pressure in a procedure involving the use , of
IVRA that, if implemented by changing the cuff pressure,
may result in the release of liquid anesthetic agent from the
limb into systemic circulation.

The present invention also includes apparatus which will
alert the operator to the potentially hazardous condition and
which will require a separate and discrete confirmation
action by the operator before changing the pressure applied
by the cuff to the potentially hazardous level.

The present invention also includes apparatus for dis-
abling the safety interlock so that the safety interlock may be
disabled during surgical procedures such as bilateral limb
procedures which may involve the use of a dual-channel
tourniquet system, or two separate one-channel tourniquet
systems, but which may not involve the use of IVRA.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial representation of the preferred
embodiment in a surgical application.

FIG. 2 is a block diagram of the preferred embodiment.
FIGS. 3q, 3b, 3¢ and 3d are pictorial representations of the

layout of the display panel of the preferred embodiment in
different clinical applications

FIGS. 4,5, 6,7, 8 and 9 are software flow charts depicting
the control software of the preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The embodiment illustrated is not intended to be exhaus-
tive or limit the invention to the precise form disclosed. It is
chosen and described in order to explain the principles of the
invention and its application and practical use, and thereby
enable others skilled in the art to utilize the invention. The
preferred embodiment of the invention is described in three
sections below: hardware; operation and software.

1. Hardware

FIG. 1 depicts instrument 2 connected to pressurizing cuff
4 and pressurizing cuff 6, which cuffs can be inflated to
apply pressures to patient limb 8. In FIG. 1, photoplethys-
mographic blood fiow sensor 10 is shown applied to a digit
of limb 8 distal to cuff 4 and cuff 6, and connected to
instrament 2. For clarity, cuff 4 and cuff 6 have been shown
as separate cuffs applied to the same limb 8, but in practice
the separate cuffs may be applied to different limbs of a
patient, or they may be combined as separate bladders of one
dual-bladder inflatable cuff applied to a single limb of a
patient, depending upon the surgical procedure being per-
formed and the type of anesthesia employed. In many types
of surgical procedures, only cuff 4 is employed and cuff 6 is
not used.

As can be seen in FIG. 1, cuff 4 is connected pneumati-
cally by tubing 12 and tubing 14 to instrument 2. Cuff 6 is
connected pneumatically by tubing 16 and tubing 18 to
instrument 2.

Electroluminescent graphic display panel 20 (EL4737LP,
Planar Systems, Beaverton, Oreg.) shown in FIGS. 1 and 2
forms part of instrument 2 and is used to display information
to the user of instrument 2. Display panel is employed for the
selective presentation of any of the following information as
described below: (a) menus of commands for controlling

" instrument 2, from which a user may make selections; (b)

parameters having values which characterize the actual cuff
pressures, cuff inflation times, cuff pressure reference levels
and inflation time alarm limit values; (c) text messages
describing current alarm conditions, when alarm conditions
are determined by instrument 2; (d) graphical representa-
tions of blood flow signals produced by sensor 10; and (e)
messages which provide operating information to the user.

Switch 22 (61-01032-10 Grayhill Inc., La Grange, Iil.)
shown in FIGS. 1 and 2, provides a versatile means for the
user to control instrument 2. Switch 22 is a rotary selector
and push-button combination switch. In combination with
the electronic circuitry and software described below, switch
22 operates by producing signals in response to rotation of
the selector and activation of the push-button by the user. In
the preferred embodiment, rotating switch 22 allows the user
to select a specific menu command or parameter for adjust-
ment from those shown on display panel 20. The currently
selected menu command or parameter is “highlighted” by
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being displayed in reverse video. If a menu command is
“highlighted”, pushing then releasing switch 22 causes the
action indicated by the menu command to be performed. If
a parameter is “highlighted”, the value of the parameter can
then be adjusted by pushing and releasing switch 22, and
then rotating switch 22: clockwise rotation will cause the
value of the parameter to be increased; counterclockwise
rotation will cause the value of the parameter to be
decreased; pushing and releasing the switch 22 again com-
pletes the adjustment of the parameter, and allows other
menu commands or parameters to be selected in response to
subsequent rotation of switch 22.

As can be seen in FIG. 2, cuff 4 is connected pneumati-
cally by tubing 12 to pressure transducer 24, and is con-
nected pneumatically by tubing 14 to valves 26 (EVO-3-
60V Clippard Instrument Laboratory, Cincinnati, Ohio,
201A3/30F Burkert, Orange, Calif.). Valves 26 respond to
certain signals generated by microprocessor 28 (80C196KB,
INTEL Corp., Santa Clara, Calif.), and conditioned by valve
drivers 30, to pneumatically connect tubing 14 through
tubing 32 to gas pressure reservoir 34, a sealed pneumatic
chamber having a fixed volume of 500 ml. Valves 26 also
respond to other signals generated by microprocessor 28 and
conditioned by valve drivers 30 to pneumatically connect
tubing 14 to atmosphere, allowing the release of pressure in
cuff 4. Pressure transducer 24 generates a cuff pressure
signal which indicates the pressure of gas in cuff 4, and the
cuff pressure signal is then communicated to an analog to
digital converter (ADC) input of microprocessor 28 which
digitizes the cuff pressure signal. The cuff pressure signal is
used by microprocessor 28, in combination with a cuff
inflation signal, a cuff defiation signal and a cuff pressure
reference signal as described below, to regulate the pressure
in cuff 4 near the reference pressure represented by the cuff
4 reference pressure signal by generating signals for condi-
tioning by valve drivers 30. To alert the user if the pressure
in cuff 4 can not be regulated within a pre-assigned limit of
+15 mmHg, microprocessor 28 compares the cuff pressure
signal from cuff pressure transducer 24 to the reference
pressure signal for cuff 4: if the cuff pressure signal exceeds
the reference signal by 15 mmHg or more, microprocessor
28 generates an alarm signal indicating over-pressurization
of cuff 4. If the cuff pressure signal is less than the reference
pressure signal by a difference of 15 mmHg or more,
microprocessor 28 generates an alarm signal indicating
under-pressurization of cuff 4. Microprocessor 28 also tracks
the inflation time for cuff 4, by maintaining a counter
indicating the length of time that cuff 4 has been pressurized.
Microprocessor 28 compares this actual cuff inflation time to
an inflation time limit for cuff 4, and if the actual cuff
inflation time exceeds the inflation time limit, microproces-
sor 28 generates an alarm signal indicating that the inflation
time limit for cuff 4 has been exceeded.

As depicted in FIG. 2, if cuff 6 is required for the surgical
application, cuff 6 is connected pneumatically by tubing 16
to pressure transducer 36, and is connected prneumatically by
tubing 18 to valves 38. Valves 38 respond to signals
described below which are generated by microprocessor 28,
and conditioned by valve drivers 30, to pneumatically con-
nect tubing 18 through tubing 32 to gas pressure reservoir
34. Valves 38 also respond to other signals described below
which are generated by microprocessor 28 and conditioned
by valve drivers 30 to pneumatically connect tubing 18 to
atmosphere, allowing the release of pressure in cuff 6.
Pressure transducer 36 generates a cuff pressure signal
which indicates the pressure of gas in cuff 6, and the cuff
pressure signal is then communicated to an analog to digital
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converter (ADC) input of microprocessor 28 which digitizes
the cuff pressure signal. The cuff pressure signal is used by
microprocessor 28, in combination with a cuff inflation
signal, a cuff deflation signal and a cuff pressure reference
signal as described below, to regulate the pressure in cuff 6
near the reference pressure represented by the cuff 6 refer-
ence pressure signal by generating signals for conditioning
by valve drivers 30. To alert the user if the pressure in cuff
6 can not be regulated within a pre-assigned limit of +15
mmlHg, microprocessor 28 compares the cuff pressure signal
from cuff pressure transducer 36 to the reference pressure
signal for cuff 6: if the cuff pressure signal exceeds the
reference signal by 15 mmHg or more, microprocessor 28
generates an alarm signal indicating over-pressurization of
cuff 6. If the cuff pressure signal is less than the reference
pressure signal by a difference of 15 mmHg or more,
microprocessor 28 generates an alarm signal indicating
under-pressurization of cuff 6. Microprocessor 28 also tracks
the inflation time for cuff 6, by maintaining a counter
indicating the length of time that cuff 6 has been pressurized.
Microprocessor 28 compares this actual cuff inflation time to
an inflation time limit for cuff 6, and if the actual cuff
inflation time exceeds the inflation time limit, microproces-
sor 28 generates an alarm signal indicating that the inflation
time limit for cuff 6 has been exceeded.

As shown in FIG. 2, pneumatic pump 40 (E series 801105,
Gilian Instrument Corp. Caldwell, N.J.) is pneumatically
connected to reservoir 34 by tubing 42. Pump 40 acts to
pressurize reservoir 34 in response to control signals from
microprocessor 28 communicated through pump driver 44.
Reservoir pressurc transducer 46 is pneumatically connected
through tubing 48 to reservoir 34 and generates a reservoir
pressure signal indicative of the pressure in reservoir 34. The
reservoir pressure signal is communicated to an ADC input
of microprocessor 28. In response to this reservoir pressure
signal and a reservoir pressure reference signal provided as
described below, microprocessor 28 generates control sig-
nals for pump driver 44 and regulates the pressure in
reservoir 34 to a pressure near the reference pressure rep-
resented by the reservoir reference pressure signal as
described below.

Photoplcthysmographic blood flow sensor 10 is placed on
a portion of a limb distal to cuff 4, and distal to cuff 6 if cuff
6 is also cmployed, to sense blood flow beneath the flow
sensor 10. FIG. 1 illustrates a typical location of sensor 10
for the lower limb. Sensor 10 generates a blood flow signal
indicative of blood flow beneath the sensor, which is pro-
cessed by amplifier 50 and communicated to an ADC input
of microprocessor 28, as depicted in FIG. 2.

Real time clock 52 shown in FIG. 2 maintains the current
time and date, and includes a battery as an alternate power
source such that clock operation continues during any inter-
ruption in the supply of electrical power from power supply
54 required for the normal operation of instrument 2. Micro-
processor 28 communicates with real time clock 52 for both
reading and setting the current time and date.

Configuration register 56 shown in FIG. 2 is comprised of
non-volatile memory (24LC02, Microchip Technology,
Chandier Ariz.) operating in conjunction with microproces-
sor 28 as described below to contain previously recorded
cuff reference pressure levels and inflation time alarm limits
for use by microprocessor 28 as described below, and retains
these recorded levels of these parameters indefinitely in the
absence or interruption of electrical power from power
supply 54 required for the normal operation of instrument 2.
The levels of the cuff reference pressures and inflation time
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limits initially recorded in configuration register 56 are
given in the table below:

Cuff 4 Cuff 4 Cuff 6 Cuff 6
Operating reference inflation reference inflation
Mode pressure time limit  pressure  time limit
Single Cuff Mode 200 mmHg 60 Min. — —
Dual Cuff Mode 200 mmHg 60 Min. 200 mmHg 60 Min.
IVRA Dual | 250 mmHg 45 Min. 250 mmHg 45 Min.
Bladder
Cuff Mode

Microprocessor 28 communicates with configuration reg-
ister 56 to record and retrieve levels of the configuration
parameters recorded in configuration register 56 as
described below.

Event register 58 shown in FIG. 2, records “events” which
are defined in the software of the preferred embodiment to
be: (a) actions by the user to inflate a cuff, defiate a cuff,
adjust the level of a cuff reference pressure signal, adjust the
level of cuff inflation time limit signal, adjust the level of the
operating mode signal or silence an audio alarm; (b) alarm
events, resulting from microprocessor 28 generating an
alarm signal as described above; and (c) events associated
with determining a cuff pressure automatically as described
below. Event register 58 comprises event register memory
60 (28C64A Microchip Technology, Chandler, Ariz.), and
event register printer 62. Microprocessor 28 communicates
with event register 58 to record events as they occur.
Microprocessor 28 records an event 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
events occurred as determined by microprocessor 28; and
the values at the time of the event of the following param-
eters: operating mode signal, cuff 4 pressure signal; cuff 4
pressure reference signal; cuff 4 inflation time, cuff 4 infla-
tion time limit; cuff 6 pressure signal; cuff 6 pressure
reference signal; cuff 6 inflation time, cuff 6 inflation time
limit; and recommended cuff pressure, when the event
occurred. Entries are recorded in event register 58 by storing
values in event register memory 60 and by printing these
values for the user by means of event register printer 62.
Event register memory 60 retains information indefinitely in
the absence or interruption of electrical power from power
supply 54 required for the normal operation of instrument 2.

Microprocessor 28 communicates with electrolumines-
cent display panel 20 through display controller 64 to
display information as described above.

User input is by means of switch 22. Signals from switch
22 arising from rotation and push-button contact closure in
switch 22 are communicated to microprocessor 28.

Microprocessor 28 will, in response to generated alarm
signals alert the user by text and graphic messages shown on
display panel 20 and by audio tones. Electrical signals
having different frequencies to specify different alarm sig-
nals and conditions are produced by microprocessor 28,
amplified by audio amplifier 66 and converted to audible
sound by loud speaker 68 shown in FIG. 2.

Power supply 54 provides regulated DC power for the
normal operation of all electronic and electrical components.

II. Operation

At start-up of instrument 2, when instrument 2 is activated
by supply of electrical power through power supply 54
microprocessor 28 configures instrument 2 by setting pre-
determined parameters to the levels recorded in configura-
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tion register 56. Configuration register 56 contains a previ-
ously recorded level for the operating mode signal and, for
each of the three possible levels of the operating mode
signal, previously recorded level for the cuff reference
pressure and cuff inflation time alarm limit for each cuff, as
described elsewhere. The user of instrument 2 can alter a
level of a parameter recorded in configuration register 56, by
selecting the parameter and changing its level as described
below.

In operation, a user of the preferred embodiment com-
municates with instrument 2 by using switch 22 to choose
commands for controlling instrument 2 from menus of
commands, and by using switch 22 to set the level of
parameters displayed on display panel 20, as described
above and in the software description below.

Three distinct modes of operation of the preferred
embodiment are provided in the preferred embodiment:
“Single Cuff Mode”, “Dual Cuff Mode” and “IVRA Dual-
Bladder Cuff Mode”. Microprocessor 28 controls the opera-
tion of instrument 2 in response to the level of the operating
mode signal as described below. The level of the operating
mode signal is set by microprocessor 28 retrieving a previ-
ously recorded level from configuration register 56 and can
be altered by the user by means of switch 22 as described
below.

FIG. 3a shows the layout of display panel 20 for “Single
Cuff Mode”, wherein only cuff 4 is actuated and used in a
surgical procedure. As depicted in FIG. 3aq, a single display
region 70 labeled MAIN CUFF is shown on display panel 20
and predetermined menu 72 is also displayed for the user.
Menu 72 enables choices to be made by the user for:
temporarily silencing audio alarms; printing on event reg-
ister printer 62 the events recorded in event register memory
60; initiating the determination of recommended cuff pres-
sure; selecting an operating mode, or obtaining operating
instructions. Menu 72 is depicted in FIG. 3a with the menu
command “SELECT OPERATING MODE” shown in
reverse video, indicating that it has been selected by the user
of instrument 2. As shown in FIG. 3¢, within display region
70 labeled MAIN CUFF parameters and menu commands
for controlling cuff 4 are displayed, and all displayed param-
eters are continually updated by microprocessor 28. The
displayed parameters are: the current level of cuff pressure,
cuff pressure reference level, cuff inflation time and inflation
time alarm limit level. The menu commands for control of
cuff 4 are: “inflate” and “deflate”. If the user selects the
command “inflate”, instrument 2 will regulate the pressure
in cuff 4 near the level of the cuff 4 reference pressure signal
as described above. If the user selects the command
“deflate” instrument 2 will release the pressure in cuff 4
causing cuff 4 to deflate to atmospheric pressure. In “Single

Cuff Mode” all alarm and event messages refer only to cuff
4.

FIG. 3b depicts the layout of display panel 20 for “Dual
Cuff Mode”, corresponding to the second of three predeter-
mined levels of the operating mode signal. In “Dual Cuff
Mode” both cuff 4 and cuff 6 are actuated. As illustrated in
FIG. 3b two independent display regions are shown on
display panel 20, as well as the predetermined user menu 72
described above. One region 70 is labeled MAIN CUFF,
within which region are displayed the parameters and menu
commands for control of cuff 4. The second region 74 is
labeled SECOND CUFF, within which region are displayed
the parameters and controls for cuff 6. The parameters and
controls displayed in region 74 are identical to those
described above for cuff 4, except the parameters and
controls displayed in region 74 refer to cuff 6. In “Dual Cuff
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Mode”, the inflation and deflation of cuff 4 is independent of
the inflation and deflation of cuff 6. All alarm and event
messages refer either to cuff 4, the MAIN CUFF or to cuff
6, the SECOND CUFF. When cuff 6 is inflated in the “Dual
Cuff Mode”, the operating mode signal cannot be changed
by the user until such time as cuff 6 has been deflated.

FIG. 3¢ depicts the layout of display panel 20 for the
“IVRA Dual-Bladder Cuff Mode”, corresponding to the
third level of the operating mode signal. This mode can only
be selected by the user when both cuff 4 and cuff 6 are
deflated. The “IVRA Dual-Bladder Cuff Mode” is the pre-
ferred mode for selection by the user when Intravenous
Regional Anesthesia (IVRA) also known as Bier block
anesthesia, is employed. In “IVRA Dual-Bladder Cuff
Mode” both cuff 4 and cuff 6 are actuated. As shown in FIG.
3c two independent display regions 76 and 78 are shown on
display panel 20, also shown is predetermined user menu 72
having the structure and function as described above.
Region 76, labeled PROXIMAL CUFF contains displays of
parameters and controls for cuff 4. Region 78, labeled
DISTAL CUFF contains displays of the parameters and
controls for cuff 6. Alarm and event messages are generated
to refer separately either to cuff 4, the PROXIMAL CUFF,
or to cuff 6 the DISTAL CUFF. When the preferred embodi-
ment is operating in “IVRA Dual-Bladder Mode”, the oper-
ating mode signal cannot be changed by the user while either
cuff 4 or cuff 6 is inflated.

In “IVRA Dual-Bladder Cuff Mode” a safety interlock is
activated to reduce the probability of unintended and inad-
vertent deflation of both cuffs during a surgical procedure
involving IVRA. The safety interlock operates as follows: if
the user initiates deflation of cuff 4 while cuff 6 is deflated,
or if the user initiates deflation of the cuff 6 while cuff 4 is
deflated, a safety interlock signal is produced to prevent the
initiated deflation and a visual and audible warning is given
via display panel 20 and speaker 68 to indicate to the user
that the action the user has initiated may be unsafe, i.e. that
the action would result in cuff 4 and cuff 6 being deflated at
a time in a surgical procedure involving IVRA when liguid
anesthetic agent contained in blood vessels distal to cuff 4
and cuff 6 may be released into systemic circulation. A menu
command is displayed on display panel 20 for enabling the
uscr to confirm that deflation of the cuff is intended. To
continue with the initiated deflation, the user must inten-
tionally confirm that deflation of the cuff is intended by
means of a distinct and discrete manipulation of switch 22
by the user; in the preferred embodiment this distinct
confirmation action requires the user to rotate switch 22 to
sclect the confirmation menu command and then depress
switch 22 within a 5 sec time period, at which confirmation
the cuff is deflated. Alternatively if the user does not confirm
the initiated deflation through a discrete manipulation and
actuation of switch 22 within the 5 sec time period, then the
initiated deflation is not carried out and the menu command
for cnabling the user to confirm that defiation was intended
is removed from display panel 20.

If the user has made an automatic determination of
recommended cuff pressure for cuff 4 and cuff 6 as described
below, the safety interlock also operates as follows: if the
user initiates deflation of cuff 4 or attempts to reduce the cuff
4 reference pressure to a level below the determined limb
occlusion pressure for cuff 4 while the cuff 6 reference
pressure or cuff 6 pressure is below the determined limb
occlusion pressure for cuff 6 or attempts to deflate cuff 6 or
reduce the cuff 6 reference pressure to a level below the
determined limb occlusion pressure for cuff 6 while the cuff
4 reference pressure or cuff 4 pressure is below the deter-
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mined limb occlusion pressure for cuff 4, a safety interlock
signal is produced and a visual and audible warning is given
via display panel 20 and speaker 68 to indicate to the user
that the action the user has initiated may be unsafe, i.e. that
the action would result in cuff 4 and cuff 6 being at a
pressure which would allow blood flow at a time in a
surgical procedure involving IVRA when liquid anesthetic
agent contained in blood vessels distal to cuff 4 and cuff 6
may be released into systemic circulation. A menu command
is displayed on display panel 20 for enabling the user to
confirm that deflation of the cuff or cuff reference pressure
adjustment is intended. To continue with the initiated defla-
tion or cuff reference pressure adjustment, the user must
intentionally confirm that deflation or adjustment of the cuff
reference pressure to a level below limb occlusion pressure
is intended by means of a distinct and discrete manipulation
of switch 22 by the user; in the preferred embodiment this
confirmation requires the user to rotate and then depress
switch 22 within a 5 sec time period, at which confirmation
deflation or the cuff reference pressure adjustment may
proceed. Alternatively if the user does not confirm the
initiated cuff deflation or cuff reference pressure adjustment
through a discrete manipulation and actuation of switch 22
within the 5 sec time period, then the initiated deflation or
adjustment is not carried out and the menu command for
enabling the user to confirm that reduction of cuff pressure
was intended is removed from display panel 20.

In this manner, the safety interlock mechanism for IVRA
detects a potentially unsafe action initiated by the operator’s
selection of a command, produces a safety interlock signal
and generates visual and audible indications to warn the
operator of the potentially unsafe action which has been
initiated, and prevents the initiated action from being imple-
mented unless and until a distinct confirmation action is
performed by the operator. Although the preferred embodi-
ment of the safety interlock mechanism is described above,
it will be appreciated by those normally skilled in the art that
alternate mechanisms and embodiments may be employed.
For example, an alternate embodiment of the safety inter-
lock mechanism can be employed in any dual cuff tourniquet
apparatus to detect any potentially unsafe attempt to deflate
or reduce the pressure in one of the dual cuffs to a non-zero
level, if the result of that attempt to depressurize or reduce
the pressure in the cuff may be to allow the release of
anesthetic agent past the cuff and into systemic circulation
when the dual cuff tourniquet apparatus is used in conjunc-
tion with IVRA. Also, an alternate embodiment of the safety
interlock mechanism may employ only an audible warning,
or only a visual warning, or may generate no warning
directly but may instead make the safety interlock signal
available for integration with other monitoring and display
systems in the operating room. Further, an alternate embodi-
ment of the safety interlock apparatus may employ other
means for enabling the user to confirm that a potentially
unsafe reduction of cuff pressure is intended; for example, a
separate confirmation switch may be provided for actuation
by the user at any time after the detection of the potentially
unsafe attempt, or confirmation may require that multiple
actuations of the same switch be performed by the user
within a specified time period, or confirmation may require
that two switches be depressed simultaneously by the user.

To provide the user of instrument 2 with a detailed record
of applied pressures and alarm conditions, event register 58
is provided. “Events” which are defined in the software of
the preferred embodiment to be: (a) actions by the user to
inflate a cuff, deflate a cuff, adjust the level of a cuff
reference pressure signal, adjust the level of cuff inflation






