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A configuration register is incorporated into an electrically
powered tourniquet apparatus for enabling an operator to
change the values of parameters initially employed at the
time of the next use of the apparatus, such as the initial
pressure settings and elapsed time limits. These changed
initial values of parameters are stored in memory and remain
there despite inadvertent or intentional interruption of elec­
trical power to the apparatus. An event register provides
capability for recording the occurrence of events (cuff
inflation, cuff deflation, etc.) and for relating the occurrence
of the events to hazards and undesirable outcomes such as
nerve damage associated with tourniquet usage.
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Cuff 4 Cuff 4 Cuff 6 Cuff 6
reference inflation reference inflation

Operating Mode pressure time limit pressure time limit 55

Single Cuff Mode 200 mmHg 60 Min.
Dual Cuff Mode 200 mmHg 60 Min. 200 mmHg 60 Min.
lYRA Dual 250 mmHg 45 Min. 250 mmHg 45 Min.
Bladder Cuff
Mode 60

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 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

10 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

15 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

20 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.

25 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

30 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
35 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

40 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

45 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
tion register 56. Configuration register 56 contains a previ­
ously recorded level for the operating mode signal and, for

50 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:

65 "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

Microprocessor 28 communicates with configuration regis­
ter 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

microprocessor 28 generates an alarm signal indicating
under-pressurization of cufT 6. Microprocessor 28 also tracks
the inflation time for cufT 6, by maintaining a counter
indicating the length of time that cuff 6 has been pressurized.
Microprocessor 28 compares this actual cufT inflation time to 5
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 rcservoir 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 pressure 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.

Photoplethysmographic 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 employed, 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,
Chandler 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
limits initially recorded in configuration register 56 are
given in the table below:


















