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standard components with values as shown on the sche­
matic. 

ITEM 

10 
ers 90, 92 and 94 shift and scale the transducer output 
voltage into the 0-5 volt range for presentation to ana­
log-digital converter 84 which may be seen in FIG. SA. 

For clarity of illustration, the microprocessor and its 
5 related digital circuitry are shown separately in FIGS. 

DESCRIPTION QUANTITY 

Circuit breaker Potter & Brumfield I 
37-401-101 

D[ Motorola MDA-970-21 I 
Battery Gates 2V, 5A-h, 0800-0004 6 
D2 Motorola IN5402 I 
Q[.Q2 Motorola MJE2955 
Q3 Motorola TIP 126 

2 
I 

SA through 5D. FIG. 5E illustrates the manner in 
which the circuit segments in FIGS. SA through 5D are 
arranged· for proper circuit interconnection. Hereinaf­
ter, FIGS. SA through 5D are collectively referred to 

10 as "FIG. 5". 
Q4, Qs, Q6 Motorola 2N3904 3 
Q7 Motorola 2N4123 I 
T[ Hammond 166MI6 I 
T2 Toroid, AU OD, 50T/260T, I 

#26AWG 
U[ Fairchild uA78G 
U2 Fairchild SHI605 
U3 Motorola MCI455 

I 
I 
I 

The control/display circuitry is shown in two sepa­
rate FIGS. 6A and 6B. FIG. 6C i[lustrates the manner in 
which the circuit segments of FIGS. 6A and 6B are 
arranged for proper circuit interconnection. Hereinaf-

15 ter, FIGS. 6A and 6B are collectively referred to as 
"FIG. 6". 

U4 Motorola 78L15 I 
Us Motorola 79L15 I 
U6 National LM324 I 

The pressure transducer output voltage should be 
calibrated after the device has been powered in the 
"normal" mode of operation for about 5 minutes. With 

--.;;.-----------______ ~ __ 20 a cuff pressure of 0 mmHg (achieved by disconnecting D3 National LMII3H I 

(b) Pressurizing Means In the preferred embodiment, 
pressurizing means 14 comprises a WISA model 300 
airpump. This is a solenoid/diaphragm pressure genera­
tor which operates from an AC 110 volt'60 Hz power 25 
supply and consumes about 5 watts. The pump is capa­
ble of generating a maximum cuff pressure of about 500 
mmHg. This is a safety feature, as it has been suggested 
that cuff pressures no greater than about 400 mmHg 
should be adequate to maintain a bloodless surgical 30 
field. [See: L. Klenerman and G. H. Hulans, Tourniquet 
Pressures for the Lower Limb, J. Bone Joint Surg., 
61B:124, 1979; and, R. Sanders, The Tourniquet: Instru­
ment or Weapon? Hand, 5:119-123, 1973]. Actuation of 
pressurizing means 14 by the microprocessor is dis- 35 
cussed below under the heading "microprocessor and 
digital circuitry". 

A Clippard EV-3 normally closed 3 way poppet 
valve (not shown) is placed in hose 12 between the 
pump and cuff 10 to protect the pump diaphragm from 40 
damage which may be caused by the air pressure in hose 
12. When the pump is activated, the valve is electroni­
cally actuated to couple the pump to cuff 10 so that 
pressurized air may enter cuff 10. When the pump is. 
deactivated the valve is actuated to seal hose 12 (thus 45 
preventing air escaping from cuff 10) and to couple the 
pump outlet port to atmosphere (thus relieving any 
back pressure on the pump diaphragm). 
(c) Pressure Relief Means 

In the preferred embodiment, pressure relief means 50 
16 comprises a Clippard EVO-3-12 electronic valve. 
This is a normally open, 3-way poppet valve having a 
poppet travel of 0.010 inches, pressure range of 0-105 
psi, air flow of 0.5 cfm. at 100 psi., and a response time 
of 5 ms at 100 psi. A + 12 volt DC signal is used to 55 
actuate the valve which consumes about 0.65 watts at its 
rated pressure. Actuation of pressure relief means 16 by 
the microprocessor is discussed below under the head­
ing "microprocessor and digital circuitry". 

hoses 12 and 20 from cuff 10) variable resistor R5 is 
adjusted so that the output voltage of operational ampli­
fier 92 is within 0.010 volts of 0.000 volts. The cuff 
pressure should then be increased to 300 mmHg (by 
using "T" adaptors to connect pr,essure transducer 88 to 
an external pressure source and to a pressure gauge 
having an error of less than 1 %) and variable resistor 
R6 adjusted so that the output of operational amplifier 
92 is within 0.010 volts of 1.850 volts. 
(e) Microprocessor and Digital Circuitry 

The microprocessor which regulates cuff pressure, 
drives the displays, etc. is an Intel 8085A microproces­
sor, shown at 78 in FIG. 5. Two TMS 2516 2KX8 bit 
electronically programmable read only memory 
("EPROM") integrated circuits shown at 82A and 82B 
in FIG. 5 store the logic programs defining the se-
quence of operations by which microprocessor 78 con­
trols the pneumatic tourniquet. Two Intel 8155 random 
access memory ("RAM") integrated circuits shown at 
80A and 80B in FIG. 5 each provide 256 bytes of 8 bit 
"scratchpad" memory in which volatile data is stored. 
EPROMs 82A and 82B are defined to contain memory 
addresses 0000 through 07FF (hexadecimal) and 0800 
through OFFF respectively. RAMs 80A and 80B are 
defined to contain memory addresses 2700 through 
27FF and 2800 through 28FF respectively. 

Lines ADO through AD7 are used to pass data in 8 bit 
format between microprocessor 78, RAMs 80A and 
80B, EPROMS 82A and 82B, display interface 96 
(which controls, as hereinafter described, the format-
ting of the pressure and time information appearing in 
displays 38 and 40), and timer 86 (which keeps track of 
elapsed time). 

In order to simplify the transmission of data to and 
from microprocessor 78, display interface 96 and timer 
86 are arbitrarily defined as comprising memory loca­
tions 3000 through 37FF and 3800 through 3FFF re­
spectively, although they are not "memory" in the con-

(d) Pressure Sensing Means 60 ventional sense. 
In the preferred embodiment, pressure sensing means 

18 comprises a National Semiconductor LX1702GN 
electronic pressure transducer shown at 88 in FIG. 6B. 
Cuff 10 is coupled via hose 20 and port 56 (FIG. 2) to 
the inlet port of pressure transducer 88. Pressure trans- 65 
ducer 88 produces an output voltage in the 2.5-12.5 volt 
range which corresponds to pressures of 0-760 mmHg. 
National Semiconductor LM324A operational amplifi-

Addressing information presented by microprocesor 
78 on lines All through A15 is sufficient to identify an 
address within the range of addresses represented by 
one of EPROMs 82A or 82B, RAMs 80A or 80B, dis­
play interface 96 or timer 86. An Intel 8205 "chip se­
lect" integrated circuit 100 is connected to address lines 
All through A15. By decoding the information pres­
ented on these lines, chip select 100 is able to identify 
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which of RAMs 80A and 80B, EPROMs 82A and 82B, 
display interface 96 or timer 86 is to be addressed by 
microprocessor 78. Output lines CSO, CSl, CS4, CS5, 
CS6 and CS7 of chip select 100 are used to "enable" one 
of EPROM 82A, EPROM 82B, RAM 80A, RAM 80B, 5 
display interface 96 or timer 86 respectively. 

A National Semiconducter 74LS139 dual one-of-four 
decoder 102 generates additional timing commands for 
addressing one of EPROMs 82A or 82B. Demultiplexer 
98 (which is an Intel 8212 8 bit latch integrated circuit) 10 
demultiplexes the data on lines ADO through AD7 for 
presentation to either EPROM 82A or EPROM 82B. 

The scaled 0-5 volt output of pressure transducer 88 
is presented to analog-digital converter 84 at its input 15 
terminal "INO". Microprocessor 78 is programmed as 
hereinafter described to apply appropriate signals at the 
"start" and "ALE" terminals of analog-digital con­
verter 84 to cause conversion of the pressure transducer 
output signal from analog to digital form. The 8 bit 20 
digital result is passed from analog-digital converter 84 
to input port "A" of RAM 80A for storage in the RAM. 

Signals generated by front panel switches 46, 48, 50, 
52 and 60 are passed via connectors J5/J6 (FIGS. 6 and 
7) to input port "B" of RAM 80A for storage in the 25 
RAM. Port "B" of RAM 80A is configured to accept 
these signals as follows: 

OUTPUT LINE OF 
RAM SOB 

PBBO 
PBBI 
PBB2-PBB7 

12 

SIGNAL 

Normal Mode status signal 
Self Test Mode status signal 
not used 

Display Interface 96 is an Intel 8279 display/key­
board interface controller integrated circuit which han­
dles the formatting of information appearing in displays 
38 and 40. Microprocessor 78 converts the "pressure" 
or "time" information to be displayed into a BCD for­
mat which is passed to display interface 96 when the 
address presented at microprocessor lines All through 
A15 results in the "enabling" of display interface 96 by 
chip select 100. The BCD .digits representing "pres­
sure" are passed on lines OAOthrough OA3 from display 
interface 96 via connector J5/J6 to a National Semicon­
ductor DS8858 BCD to 7 segment decoder/driver 104 
(FIG. 6), which passes the decoded 7 segment informa-
tion to display 38. The BCD digits representing "time" 
are passed in similar fashion on lines OBO through OB3 
from display interface 96 to display 40 via a second 
decoder/driver 105. Display interface 96 also generates 
an appropriate 3 bit signal on lines SO through S2 to 
determine .hwich of the six individual display digits of 
displays 38 and 40 are to be activated. The SO-S2 signals 
pass through a National Semiconducter DS8863 hex 

INPUT LINE 
OF RAM 80A SIGNAL 

30 inverting buffer 106 (FIG. 6) which absorbs sink cur­
rent from the displays. 

PBO 

PBI 
PB2 

PB3 

PB4 
PBS 

PB6 
PB7 

Switch 50 
Time "elapsed" or "set" 
Switch 52 
Time "increase" or udecreas~1t 
(2 bits) 
Switch 46 
Pressure "sensed" or "set" 
Switch 48 
Pressure "increase" or 
"decrease" (2 bits) 
not used 
Switch 60 
"inflation start" 

As mentioned above, the "time" or "pressure" dis­
plays are caused to flash on and off when a pressure or 
time alarm is triggered. As indicated in FIG. 6, one-half 

35 of a National Semiconductor 74LS32 quad or gate 108 
is used to gate the time and pressure alarm trigger sig­
nals appearing at lines PAl and P A2 respectively of 
RAM 80B with a 3 hertz clock signal for presentation to 
the blanking input of decoder/drivers 104 and 105 in 

40 order to flash either display upon triggering of the ap­
propriate alarm. 

The "normal" or "self test" mode status signals ap-

Port "c" of RAM 80A comprises a single line PCO 
which conveys the TTL logic "power fail" signal gen- 45 
erated in the power supply to microprocessor 78. 

pearing at lines PBBO and PBBI respectively of RAM 
80B are coupled through connectors J5/J6 to indicator 
lights 44 and 36 respectively via a National Semicon­
ductor 75451 peripheral interface driver 110 as shown 
in FIG. 6. RAM 80B stores information for triggering the vari­

ous alarms and for activating pressurizing means 14 and 
pressure relief means 16. Port "A" of RAM 80B is con- 50 
figured to convey the following signals: 

The audible alarm trigger signal appearing at line 
P AO of RAM 80B is coupled through connectors J5/J6 
to audible alarm 70 via a similar peripheral interface 
driver 112 as shown in FIG. 6. Audible alarm 70 is a 
SONALERT TM single tone audio alarm. Switch 42 is 

OUTPUT LINE OF coupled directly to one of the "interrupt" lines of mi-
RAM 80B SIGNAL croprocessor 78. When switch 42 is depressed, an inter-

---....;.;;;..;P;.;A;...O;.;.:;.--------------- 55 rupt is generated, causing microprocessor 78 to transfer 
audible alarm trigger 

PAl time alarm trigger control (as hereinafter described) to a program for tem-
PA2 pressure alarm trigger porarily disabling audible alarm 70. 

PA3 
PA4 

PAS 

(over or under The activation signals for pressurizing means 14 and 
pressurization) pressure relief means 16 which appear at lines P A4 and 
not used 60 PAS respectively of RAM 80B are coupled through 
activation signal for 
pressurizing means 14 connectors J5/J6 via a third peripheral interface driver 
activation signal for 114 as shown in FIG. 6. The activation signal on line 
pressurizing relief means 16 PA4 is used to enable solid state relay 115 which, in 

PA6 timer enable turn, couples a 110 volt AC drive signal to pressurizing 
_____ P_A_7 _____ n_o_t u_s_ed _________ 65 means 14. . 

Port "B" of RAM 80B is configured to convey the 
following signals: 

A 6.144 Mhz quartz crystal oscillator 116 (FIG. 5) 
serves as the master clock for microprocessor 78. The 
clock frequency is halved by microprocessor 78 to pro-
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vide a 3.072 Mhz signal at the "CLK" output of micro­
processor 78 which is in turn presented to RAM 80B. 
An internal timer provided on RAM 80B divides the 
"CLK" signal frequency by five to produce a 614.4 Khz 
signal which is in turn presented to analog to digital 5 
converter 84 and timer 86. (The CLK frequency is 
divided because the integrated circuit timer used in the 
preferred embodiment is only able to handle signal 
frequencies of less than 2 Mhz). Timer 86 produces a 
600 hz output signal which is presented to RAM SOA. 10 
An internal timer on RAM 80A steps the 600 hz signal 
down to produce a 3 hz signal which is used as de­
scribed above to cause displays 38 or 40 to flash on and 
off if a time or pressure alarm is triggered. 

14 
changes relatively slowly (at 0.:5 second intervals) for 
the first 2.5 seconds but changes relatively quickly 
thereafter which in turn provides "slow" or "fast" 
modes for increasing or dereasing the selected pressure. 

The TIME/SET subroutine functions precisely the 
same as the PRESSURE/SET subroutine except the 
status of switches 50 and 52 are examined and the se­
lected time caused to appear in display 40. The cuff 
pressurization time may be selected within a range of 
0-180 minutes. 

When either of switches 46 or SO are released then the 
PRESSURE/SET or TIME/SET subroutine return 
control to the NORMAL subroutine which, as indi­
cated above, continues to call the PRESSURE/SET 

IV. Software 
15 and TIME/SET subroutines lIlntil switch 60 is de­

pressed to pressurize cuff 10. When switch 60 is de­
pressed, the NORMAL subroutine returns control to 
the main program. The main program then initializes 

FIGS. 7A through 7G are software flowcharts de­
picting the sequence of operations which microproces­
sor 78 is programmed to carry out. In order to simplify 
the discussion of the software, a detailed description of 20 
the control signals which the software produces to 
actuate the hardware described above is not provided. 
It will however be understood by those skilled in the art 
that, for example, in order to "illuminate self test light 
36", microprocessor 78 must generate appropriate com- 25 
mands to produce a signal on line PBBI of RAM 80B 
which may be coupled to indicator light 36 through 
interface 110. 

The main control program is shown in FIG. 7A. 
After initializing RAMs SOA and SOB, display interface 30 
96 and timer 86 for data transfers, control is passed to 
the "SELFffEST" subroutine shown in FIG. 7B. 

The SELF/TEST subroutine produces appropriate 
commands to illuminate self-test light 36, flash displays 
36 and 40 and sound audible alarm 70 until reset switch 35 
42 is depressed to terminate the self test sequence at 
which point audible alarm 70 is turned off, displays 38 
and 40 are each caused to display "000" and control 
returns to the main program. 

The main program next transfers control to the NOR- 40 
MAL subroutine shown in FIG. 7B which in turn re­
peatedly calls the PRESSURE/SET and TIME/SET 
subroutines shown in FIGS. 7C and 7D respectively 
until switch 60 is depressed to pressurize cuff 10, at 
which point control again returns to the main program. 45 

The PRESSURE/SET subroutine simply returns 
control to the NORMAL subroutine unless pressure 
sensed/set switch 46 has been depressed to the "set" 
position. If switch 46 is depressed then the pressure in 
cuff 10 is presented in display 3S. The pressure alarm 50 
trigger signal "ALP" is disabled so that a cuff under or 
overpressurization alarm will not be triggered while the 
cuff pressure is selected. The status of pressure in­
crease/decrease switch 48 is then examined. If switch 
48 is in the neutral position control returns to the begin- 55 
ning of the PRESSURE/SET subroutine. Otherwise, 
the stored value of selected presssure is incremented or 
decremented within the 0-400 mmHg range according 
to the position of switch 48. If a pressure in excess of 400 
mmHg is selected then audible alarm 70 is sounded and 60 
the maximum selectable pressure of 400 mmHg caused 
to flash off and on in display 38. Software timers are 
used to delay the return of control to the beginning of 
the PRESSURE/SET subroutine for 0.5 seconds for 
the first 2.5 seconds during which switches 46 and 48 65 
are depressed. Thereafter, control returns to the begin­
ning of the PRESSURE/SET subroutine every 30 mil­
liseconds. This means that the value of selected pressure 

some internal variables and resets an internal elapsed 
time counter to zero. 

The main program next calls the UPDATE/PRES 
subroutine (FIG. 7E) which samples the pressure out­
put of transducer 88 and then returns control to the 
main program unless the elapsed time counter stores an 
even number. This ensures that the pressure appearing 
in display 3S will change at no greater than two second 
intervals, thus providing a relatively "stable" reading 
for the operator. However, the pressure sensed by 
transducer 88 is still sampled each time the UPDATE/ 
PRES subroutine is entered; The value which appears 
in display 38 is the average of two readings taken from 
transducer 88 during the minimum two second display 
change period. Once a new value of sensed pressure has 
been displayed, control returns to the main program. 

The main program then compares the actual cuff 
pressure obtained by the UPDATE/PRES subroutine 
from transducer 56 with the seEected cuff pressure. If 
the actual cuff pressure is less than the selected cuff 
pressure, control passes to the INFLATE CUFF sub­
routine (FIG. 7F) which activates pressurizing means 
14 for about 2 seconds. (The pressurizing means used in 
the preferred embodiment will increase the pressure in 
cuff 10 by about 9 mmHg in 2 seconds). Control is then 
transferred back to the main program and thence to the 
UPDATE/TIME subroutine (FIG. 7E) which simply 
reads the elapsed time from timer 96 and displays it in 
display 40. The UPDA TEfflME subroutine then re­
turns control to the main program, which continues to 
cycle until cuff 10 is pressurized to the selected pres­
sure. 

If the actual cuff pressure is greater than the selected 
cuff pressure then control transfers to the CHECK 
ACFAIL subroutine (FIG. 7F) which triggers audible 
alarm 70 if the "power fail" signal has been generated 
by the power supply hardware. (If switch 42 is de­
pressed a hardware interrupt is generated, causing the 
microprocessor to transfer control to the ALARM/ 
RESET subroutine (FIG. 7E) in which the current time 
is stored in a variable called "ADA". Before audible 
alarm 70 is sounded by the CHECK ACF AIL subrou­
tine, the. current time is compared with the value in 
y. ariable ADA. If the difference is more than 30 seconds 
the alarm sounds, otherwise the audible alarm enable 
signal "AUD" is disabled. Switch 42 thus temporarily 
disables the audible alarm for a maximum of 30 sec­
onds). 

The main program then calls the TIME/SET and 
fRESSURE/SET subroutines to enable the operator to 
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select new values of cuff pressurization time and pres­
sure, in case it is desired to alter these in order to com­
plete a medical procedure. The UPDA TEl TIME sub­
routine then updates the elapsed time appearing in dis­
play 40. The CHECK TIME (FIG. 7F) subroutine is 5 
then called to determine whether cuff 10 has been pres­
surized for, or in excess of the selected cuff pressuriza­
tion time and, if so, sound audible alarm 70 and activate 
the time alarm signal "ALT" to flash the time in display 
40. Again, the ADA variable is compared with the 10 
current time to determine whether audible alarm 70 has 
been temporarily deactivated. 

Next, the UPDATE PRESSURE subroutine is called 
to obtain an updated reading of the actual pressure in 
cuff 10 for the CHECK PRESSURE subroutine (FIG. 15 
7G). If the actual cuff pressure exceeds the selected cuff 
pressure by more than 6 mmHg, the CHECK PRES­
SURE subroutine calls the OVER PRESSURE subrou­
tine (FIG. 7G) which sounds audible alarm 70 (unless it 
has been temporarily disabled with switch 42) and 20 
flashes the pressure in display 38 if the actual cuff pres­
sure exceeds the selected cuff pressure by more than 15 
mmHg. The OVER PRESSURE subroutine also calls 
the DEFLATE CUFF subroutine (FIG. 7G) which 25 
activates pressure relief means 16 to lower the cuff 
pressure by about 3 mmHg. 

If the actual cuff pressure is more than 6 mmHg 
below the selected cuff pressure, the CHECK PRES­
SURE subroutine calls the UNDER PRESSURE sub- 30 
routine (FIG. 7G) to determine if the difference exceeds 
15 mmHg in which case audible alarm 70 is sounded 
(unless it has been temporarily disabled with switch 42) 
and the pressure flashed in. display 38. The UNDER 
PRESSURE subroutine also calls the INFLATE 35 
CUFF subroutine to activate pressurizing means 14 for 
2 seconds and raise the cuff pressure slightly. 

The main program continues to cycle by comparing 
the actual and selected cuff pressures and taking appro-
priate action as above. 40 

I claim: 
1. A pneumatic tourniquet, comprising: 
an inflatable cuff; 
pressurizing means for pressurizing said cuff; 
pressure relief means for depressurizing said cuff; 45 
pressure sensing means for producing a cuff pressure 

output signal representative of the pressure to 
which said cuff is pressurized; 

selectable reference signal means for producing any 
one of a number of constant signals, each represen- 50 
tative of a predetermined constant reference pres-
sure; 

16 
said pressure regulator means comprises a digital 

pressure regulator means responsive to said digital 
output signal. 

3. A pneumatic tourniquet as defined in claim 2, 
wherein said pressurizing means comprises an electric 
air pump. . 

4. A pneumatic tourniquet as defined in claim: 1, 
wherein said alarm means further comprises means for 
producing a cuff under-pressurization alarm when the 
difference between the pressures corresponding to said 
cuff pressure output signal and said selectable reference 
signal exceeds a cuff under-pressurization limit. 

5. A pneumatic tourniquet as defined in claim 1 
wherein said cuff includes a first port for air passage 
into said cuff, and a second port for air passage from 
said cuff. . 

6. A pneumatic tourniquet as defined in claim 5, 
wherein said pressurizing means and said pressure relief 
means are coupled to said first port. 

7. A pneumatic tourniquet as defined in claim 5 or 6 
wherein said pressure sensing means is coupled to said 
second port. 

8. A pneumatic tourniquet as defined in claim 1 fur­
ther comprising alarm means for producing a power 
alarm upon interruption of external power supplied to 
said pressurizing means, said pressure relief means, said 
pressure sensing means, or said pressure regulator 
means. 

9. A pneumatic tourniquet, comprising: 
an inflatable cuff; 
pressurizing means for pressurizing said cuff; 
pressure relief means for depressurizing said cuff; 
pressure sensing means for measuring and providing 

an output signal representative of the pressure to 
which said cuff is pressurized; 

selectable reference pressure signal means for pro­
ducing a reference signal representative of a se­
lected reference pressure to be applied to said cuff; 

pressure regulator means responsive to said reference 
signal for activating said pressurizing means and 
said pressure relief means to regulate said cuff pres­
sure, said pressure regulator means being charac­
terized in that it is operable to maintain said cuff 
pressure within a preassigned operational pressure 
tolerance window in association with a first se­
lected reference pressure and to shift said pressure 
tolerance window in response to a change to a 
second selected reference pressure to maintain said 
cuff pressure within said pressure tolerance win­
dow in association with said second selected refer-
ence pressure. 

10. A pneumatic tourniquet as defined in claim 9 
which further comprises an alarm means that receives 
said output signal and produces a cuff over-pressuriza-

pressure regulator means responsive to said cuff pres­
sure output signal for selectably activating said 
pressurizing means and said pressure relief means 
to maintain· said cuff pressure near a selected pres­
sure over a time period suitably long for the perfor­
mance of a surgical procedure; and 

55 tion alarm whenever the difference between the pres­
sures corresponding to said reference signal and said 
output signal exceeds a preassigned over-pressurization 
limit. 

alarm means for producing a cuff over-pressurization 
alarm when the difference between the pressures 
corresponding to said cuff pressure output signal 
and a selected one of said constant signals exceeds 
a cuff over~pressurization limit. 

2. A pneumatic tourniquet as defined in claim 1, 
wherein said pressure sensing means comprises a means 
for producing a digital output signal, and 

11. A pneumatic tourniquet as defined in claim 9 
60 which further comprises an alarm means that receives 

said output signal and produces a cuff under-pressuriza­
tion alarm whenever the difference between the pres­
sures corresponding to said reference signal and said 
output signal exceeds a preassigned under-pressuriza-

65 tion limit. 
* * * * * 
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[57] ABSTRACT 

A pneumatic tourniquet includes an inflatable cuff, a 
pressurizing mechanism for pressurizing the cuff, a pres­
sure relief mechanism for depressurizing the cuff, a 
pressure sensing mechanism for sensing the pressure to 
which the cuff is pressurized and a pressure regulator 
mechanism for selectably activating the pressurizing 
mechanism and the pressure relief means to maintain the 
cuff pressure near a selected pressure. Visual and audi­
ble alarm signals are triggered if the cuff pressure ex­
ceeds a cuff pressurization limit, if the cuff pressure falls 
below a cuff depressurization limit, or if the cuff has 
remained pressurized for, or in excess of a selected time 
period. 

A computer may be used to sense the cuff pressure and 
pressurized or depressurized the cuff as required to 
maintain the cuff pressure within upper and lower cuff 
pressure limits. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

2 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

5 

vating the pressurizing means and the pressure relief means 
in a manner that permits that difference to be greater than 
zero but not greater than a predetermined ponion of the 
range. 

Matter enclosed in heavy brackets [] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS 
BEEN DETERMINED THAT: 

17. The pneumatic tourniquet of claim 16 wherein the 
pressure regulator means selectively activates the pressuriz­
ing means and the pressure relief means when the differ­
ence exceeds the predetermined portion of the range 
thereby to reduce the value of the difference to an amount 

10 less than the predetermined portion of the range while 
permitting that reduced difference to be greater than zero. 

18. The pneumatic tourniquet of claim 9 wherein the 
pressure regulator means includes a battery that is operable 
for supplying electrical energy to the pressurizing means 

15 and the pressure relief means, the pressurizing means and 
pressure relief means consuming electrical energy supplied 
by the battery only when activated, and wherein the opera­
tional pressure tolerance window is preassigned to establish 

The patentability of claims 1-11 is confirmed. 

New claims 12-22 are added and determined to be 
patentable. 

12. The penumatic tourniquet of claim 1 wherein the 
alarm means functions such that the cuff pressure level 
above which the alarm is produced automatically changes 
in response to changes in the selection of the constant sig-

20 a pressure range representing surgically acceptable varia­
tions in the pressure that is selected to be applied to the cuff, 
so that the pressure regulating means does not activate the 
pressurizing means and the pressure relief means when 
variations in cuff pressure are within the range, thereby 

nal. 25 

13. The pneumatic tourniquet of claim 1 wherein the 
alarm means automatically establishes the cuff pressure 
level above which the alarm is produced as the sum of the 
over-pressurization limit and the pressure corresponding to 
the selected one of said constant signals, irrespective of 30 

which one of the constant signals is selected. 
14. The pneumatic torniquet of claim 4 wherein the 

alarm means functions such that the cuff pressure level 
below which the alarm is produced automatically changes 
in response to changes in the selection of the constant sig- 35 
nal. 

15. The pneumatic tourniquet of claim 4 wherein the 
alarm means automatically establishes the cuff pressure 
level below which the alarm is produced as the pressure 
corresponding to the selected one of said constant signals 40 
less the under-pressurization limit, irrespective of which one 
of the constant signals is selected. 

16. The pneumatic tourniquet of claim 9 wherein the 
preassigned operational pressure tolerance window is estab­
lished as a pressure range representing surgically accept- 45 
able variations in the pressure that is selected to be applied 
to the cuff, and wherein the pressure regulator means is 
operable for maintaining the cuff pressure within the range 
by determining the difference between the cuff pressure 
represented by the output signal and the selected pressure 50 
represented by the reference signal and by selectively acti-

55 

60 

65 

minimizing the amount of battery energy consumed by the 
pressurizing means and the pressure relief means during 
the time period the battery is operable for supplying the 
energy. 

19. The pneumatic tourniquet of claim 10 wherein the 
alarm means functions such that the cuff pressure level 
above which the alarm is produced automatically changes 
in response to changes in the selection of the constant sig-
nal. 

20. The pneumatic tourniquet of claim 10 wherein the 
alarm means automatically establishes the cuff pressure 
level above which the alarm is produced as the sum of the 
over-pressurization limit and the pressure corresponding to 
the selected one of said constant signals, irrespective of 
which one of the constant signals is selected. 

21. The pneumatic tourniquet of claim 11 wherein the 
alarm means functions such that the cuff pressure level 
below which the alarm is produced automatically changes 
in response to changes in the selection of the constant sig­
nal. 

22. The pneumatic tourniquet of claim 11 wherein the 
alarm means automatically establishes the cuff pressure 
level below which the alarm is produced as the pressure 
corresponding to the selected one of said constant signals 
less the under-pressurization limit, irrespective of which one 
of the constant signals is selected. 

* * * * * 


