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and effective. Reprocessing of disposable tourniquet cuffs,
with or without re-sterilization, may be carried out within
hospitals or surgery centers or by third-party reprocessors,
and the quality and methods of reprocessing are highly
variable. Reprocessing of disposable tourniquet cuffs may
result in hazards for the surgical patients on whom such cuffs
are subsequently used. One such hazard arises from dete-
rioration of cuff materials due to the use of any of a variety
of chemical or physical agents that are attendant with the
reprocessing, cleaning, disinfection and possible re-steriliz-
ing processes. For example, exposure of a cuff to liquids
during cleaning and disinfection may allow the liquids to
enter and partially or completely block the pneumatic pas-
sageway within the port and inflatable portion of the cuff. If
the cuff is re-sterilized as part of the reprocessing, any water
remaining within the pneumatic passageway after cleaning
may subsequently react chemically with ethylene oxide, a
sterilizing agent commonly used in reprocessing, to form
ethylene glycol, a sticky substance that may completely or
partially block the pneumatic passageway. Repeated expo-
sure of prior-art cuffs containing flexible thermoplastic
materials to an elevated temperature during drying after
cleaning or disinfection with liquids, or during re-steriliza-
tion, may soften thermoplastic materials and components,
increasing the likelihood of hazardous deformation of some
components, including: substantial deformation of the ther-
moplastic stiffener included in some prior-art cuffs that may
impair the application of pressure by such a cuff to an
underlying limb upon subsequent use in surgery; partial or
complete blockages of the pneumatic passageways within
ports or thermoplastic connectors of some prior-art cuffs;
and weakening of the retention force of typical thermoplas-
tic barb-type port connectors so that such connectors cannot
establish or reliably maintain a gas-tight passageway
between the tourniquet cuff and tourniquet instrument upon
reuse. In general, repeated reuse of a disposable tourniquet
cuff beyond the limit of usage specified by the manufacturer,
including exposure to cleaning and disinfection agents and
processes not anticipated by the manufacturer if reused as
non-sterile cuffs, and including exposure to re-sterilization
agents and processes if reused as sterile cuffs, may progres-
sively increase the hazards for the surgical patients on whom
the cuff is used.

[0012] InU.S. Pat. No. 6,682,547 McEwen et al. describe
a tourniquet cuff having identification means indicative of a
physical characteristic of the cuff and detectable by a con-
nected tourniquet instrument. In U.S. Pat. App. Pub. US
20030167070 Al, McEwen et al. describe an adaptive
tourniquet cuff system in which a tourniquet cuff carries
identification means indicative of a physical characteristic of
the cuff and in which a connected tourniquet instrument may
automatically detect the physical characteristic of the cuff
and adapt its operation in response to the detected physical
characteristic. McEwen US 20030167070 A1 also describes
the identification by a tourniquet instrument of prior expo-
sure of a connected cuff to a potentially hazardous re-
sterilization process. In pending U.S. patent application Ser.
No. 11/153,667 McEwen et al. describe a disposable tour-
niquet cuff having means visually detectable by a user and
automatically detectable by a connected tourniquet instru-
ment to indicate exposure of the cuff to re-sterilization
processes, indicating re-sterilization and possible reuse of a
cuff originally manufactured and supplied as a sterile,
single-use product. However, McEwen ’547, McEwen US
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20030167070 Al and McEwen Ser. No. 11/153,667 do not
describe means for limiting the usage of a specific tourniquet
cuff so that its usage does not exceed a safe usage limit for
that cuff, to improve safety. For example, the prior art does
not describe apparatus for limiting the number of usages of
a specific non-sterile, reusable tourniquet cuff so that usage
of the cuff does not exceed a safe maximum number. Also,
the prior art does not describe tourniquet apparatus for
limiting the usage of reusable tourniquet cuffs manufactured
as re-sterilizable cuffs to usage and re-sterilization within
safe limits, including for example a limit of the cumulative
inflation time, a limit of the maximum inflation pressure, a
limit of the number of cycles of usage and re-sterilization, or
a limit of the overall duration of usage from time of
manufacture due to ageing of cuff materials. Further, the
prior art does not describe apparatus for limiting the usage
of a single-use tourniquet cuff to usage within safe usage
limits, and to usage in only one surgical procedure, without
relying on the detection of re-sterilization to indicate pos-
sible reuse, because some users may attempt to reuse single-
use cuffs as non-sterile cuffs, without exposing them to
re-sterilizing agents and re-sterilization processes between
successive usages. There is a need for tourniquet cuff
apparatus for limiting usage as described above to improve
safety, and the present invention addresses that need.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a pictorial representation of the preferred
embodiment in a surgical application.

[0014] FIG. 2 shows the cuff portion of the preferred
embodiment.

[0015] FIG. 3 is a section taken from FIG. 2, with the cuff
applied to the patient’s limb as shown in FIG. 1.

[0016] FIG. 4 is a section taken from FIG. 2, with the cuff
applied to the patient’s limb as shown in FIG. 1.

[0017] FIG. 5 is a block diagram of the preferred embodi-
ment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] FIG. 1 is a pictorial representation of the preferred
embodiment in a surgical application, showing tourniquet
cuff 10 applied to patient limb 12 and pneumatically con-
nectable to tourniquet instrument 14.

[0019] Tourniquet instrument connector 16 mates with
cuff connector 18 on cuff 10 to form a releasable pneumatic
connection to the inflatable portion of cuff 10. For clarity, in
FIG. 1 tourniquet instrument connector 16 is shown discon-
nected from cuff connector 18 the pneumatic connection
between instrument 14 and the inflatable portion of cuftf 10
is formed when instrument connector 16 is mated with cuff
connector 18. Instrument connector 16 is pneumatically
connected to instrument 14 by flexible plastic tubing 20 and
electrically connected to instrument 14 by multi-conductor
cable 22.

[0020] Instrument 14 has a user interface consisting of
pressure and time display panel 24, keypad 26 and cuff
usage display panel 28. Pressure and time display panel 24
is employed for the selective display of any of the following
alphanumeric information: actual cuff pressures as measured
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by instrument 14; reference or “set” cuff pressure levels,
alarm reference “limits” or values; alphanumeric alarm
messages describing detected alarm conditions and other
information required for the operation of instrument 14.

[0021] Keypad 26 provides a means for a user of instru-
ment 14 to control the operation of instrument 14. Keypad
26 includes an “inflate” key to initiate the inflation of cuff
10, a “deflate” key to initiate the deflation of cuff 10, and
other keys to permit the user of instrument 14 to adjust the
reference pressure level and set a time limit for an inflation
time alarm.

[0022] When cuff 10 is pneumatically connected to tour-
niquet instrument 14, cuff usage display panel 28 is
employed to indicate a record of the usage of cuff 10 and
predetermined usage limits.

[0023] To improve patient safety by minimizing the risk of
malfunction or failure of cuff 10 during a surgical procedure,
the preferred embodiment maintains a record of cuff usage
and inhibits further usage and alerts a surgical user if the
amount of cuff usage has exceeded a predetermined limit.

[0024] Integral to cuff 10 is a cuff usage register 30 shown
in FIGS. 3 and 4. Cuff usage register 30 is located inside cuff
10 at a predetermined distance from the end of cuff con-
nector 18. As described further below, cuff usage register 30
is used to maintain a record of usage of cuff 10 and
predetermined usage limits.

[0025] In the preferred embodiment cuff usage register 30
is comprised of a radio frequency transponder with memory
(RA-117-112A Texas Instruments, Dallas, Tex.). Physically,
usage register 30 is 33 mm in diameter with an 18 mm
diameter center hole and consists of a small integrated
circuit bonded to a thin flexible polymer film substrate on
which an aluminum foil antenna is patterned. The electronic
circuits and antenna necessary for communication with
usage register 30 are located within instrument connector 16
and comprise cuff usage register interface 32 which is shown
in the block diagram in FIG. 5. Cuff usage register interface
32 within instrument connector 16 connects to instrument 14
via multi-conductor cable 22. The configuration of the
electronic circuits and antenna comprising usage register
interface 32 within instrument connector 16 limits commu-
nication with cuff usage register 30 to a distance of approxi-
mately 10 mm. This limited communication range, and the
associated physical proximity and orientation of cuff usage
register 30 to the end of cuff connector 18, helps assure that
reliable and successful communication with cuff usage reg-
ister 30 is limited to periods during which a gas-tight
pneumatic connection to cuff connector 18 is established.

[0026] In the preferred embodiment cuff usage register 30
contains a detailed record of the usage of cuff 10 as well as
predetermined usage limits. The usage limits and usage
record include:

[0027] An Inflation Cycle Limit, defined to be a prede-
termined limit of the number of inflation cycles which
cuff 10 may safely undergo. In the preferred embodi-
ment an inflation cycle is the pressurization of cuff 10
to a level above an Inflation Cycle Pressure Limit for a
period of time greater than a Inflation Cycle Time Limit
before deflation to a pressure less than the Inflation
Cycle Pressure Limit
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[0028] An Inflation Cycle Pressure Limit, defined to be
a predetermined pressure limit used to specify the
inflation cycle described above;

[0029] An Inflation Cycle Time Limit, defined to be a
predetermined time limit that is used to specity the
inflation cycle described above;

[0030] A Maximum Pressure Limit, defined to be a
predetermined value representing the maximum pres-
sure to which cuff 10 may be safely pressurized;

[0031] An Inflation Time Limit, defined to be a prede-
termined value representing the total duration of time
during which cuff 10 may be safely pressurized;

[0032] An End of Usage Date, defined to be a prede-
termined value representing the calendar date after
which date cuff 10 may no longer be safely used;

[0033] The Number of Cycles of Inflation, a value
corresponding to the number of inflation cycles that
cuff 10 has undergone;

[0034] The Maximum Pressure of Inflation, a value
representing the maximum pressure to which cuff 10
has been pressurized;

[0035] The Cumulative Time of Inflation, a value rep-
resenting the total amount of time that the cuft has been
pressurized above a predetermined minimum pressure.

[0036] Usage register 30 may also contain a cuff identi-
fication record that uniquely identifies cuff 10 and may also
indicate physical characteristics of cuff 10.

[0037] When instrument 14 is pneumatically connected to
cuff 10, instrument 14 reads information from cuff usage
register 14 and displays this information on cuff usage
display 28. As described further below, instrument 14 also
updates the information in usage register 30 based on the
pressurization of cuff 10 while connected to instrument 14
and inhibits further pressurization of cuff 10 if the usage
limits contained within cuff usage register 30 are exceeded.

Cuff Materials and Construction

[0038] As described below, cuff 10 is constructed of
materials that are appropriate for a reusable tourniquet cuff
manufactured for usage outside the sterile surgical field in
multiple surgical procedures, and for cleaning by users
between successive procedures. Cuff 10 is typically cleaned
and disinfected between surgical procedures by clinicians
using appropriate agents and methods that have been rec-
ommended by the manufacturer of cuff 10.

[0039] FIG. 2 shows cuff 10 of the preferred embodiment
laid flat. Cuft 10 is similar in design and construction to the
cuffs described by McEwen in U.S. Pat. No. 5,741,295, No.
5,649,954, No. 5,484,831 and by Robinette-Lehman in U.S.
Pat. No. 4,635,635. In the preferred embodiment shown, cuff
10 is rectangular with a length sufficient to encircle an adult
arm as shown in FIG. 1. Those skilled in the art will
appreciate that the usage register described in the preferred
embodiment may also be incorporated in cuffs of various
sizes and shapes, such as those described by McEwen in
U.S. Pat. No. 5,649,954. It will also be appreciated that a
usage register may be integral to sterilizable reusable tour-
niquet cuffs manufactured for usage within the sterile sur-
gical field in multiple surgical procedures in conjunction
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with cleaning and sterilization by specified sterilization
processes between successive procedures; and to disposable
tourniquet cuffs manufactured as sterile products suitable for
usage within the sterile surgical field in one surgical proce-
dure and for disposal after the procedure.

[0040] In addition to usage register 30, cuff 10 comprises
cuff connector 18, tie ribbon 34, loop material 36, edge trim
38, and hook material 40.

[0041] In use, cuff 10 is wrapped snugly around limb 12
(see FIG. 1) and secured circumferentially around the limb
when the user engages hook material 40 to loop material 36.
Tie ribbon 34 is a soft fabric ribbon material (Grosgrain %"
wide, Dynatex Textiles Inc., Toronto, Ontario, Canada) and
allows the user to pull cuff 10 snug around the limb. When
cuff 10 is in position and secured circumferentially around
the limb, the user ties tie ribbon 34 as shown in FIG. 1 to
help prevent the cuff from sliding proximally or distally on
the limb when inflated. Edge trim 38 is made of similar
material to tie ribbon 34 and helps prevent chafing of the
patient’s limb by the edges of cuff 10.

[0042] FIG. 3 is a section 3 taken from FIG. 2, with cuff
10 applied to limb 12 (as shown in FIG. 1) and cuff 10
inflated. FIG. 4 is an exploded view of the layers that
comprise cuff 10. Referring first to FIG. 3, top layer 42 and
bottom layer 44 are made of woven nylon cloth coated with
thermoplastic material (for example, 70 Denier brushed
nylon cloth coated on one surface with thermoplastic poly-
urethane 0.006" thick) on the surface facing middle layer 46.
Middle layer 46 is made of nylon cloth coated with ther-
moplastic material on both sides (for example, 200 Denier
nylon cloth coated on both sides with thermoplastic poly-
urethane 0.006" thick). Stiffener 48 is made of plastic sheet
having greater stiffness than layers 42, 44, and 46 but
flexible enough to be wrapped around the limb (for example
0.020" thick polyethylene sheet), and cut to a rectangular
shape fitting within the perimeter of cuff 10.

[0043] Cuff usage register 30 is adhesively bonded to
stiffener 48 concentric to the location where cuff connector
18 passes through stiffener 48. This configuration insures
correct orientation and location for reliable communication
with usage register interface 32 when instrument connector
16 is mated with cuff connector 18.

[0044] Top layer 42, middle layer 46, and bottom layer 44
are joined around a continuous perimeter within the perim-
eter of cuff 10 at bladder seal 50, thereby forming inflatable
bladder 52 between middle layer 46 and bottom layer 44 and
enclosing thermoplastic stiffener 48 and cuff usage register
30 between top layer 42 and middle layer 46. When secured
circumferentially around the limb as shown in FIG. 1,
stiffener 48 helps direct the expansion of inflatable bladder
52 radially inwards towards the limb upon inflation of the
cuff to more uniformly distribute pressure onto limb 12.

[0045] Bladder seal 50 is formed by a heat and pressure
joining process, typically radio-frequency welding using a
selected sealing die. The heat of the joining process is
selected to temporarily melt a portion of the thermoplastic
materials in layers 42, 44, and 46, causing them to fuse
together in the area of bladder seal 50.

[0046] Cuff connector 18 is molded from thermoplastic
and has a flange which is bonded to middle layer 46 to form
pneumatic passageway extending into inflatable bladder 52.
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The flange surface of cuff connector 18 is permanently
joined to middle layer 46 by a heat sealing process similar
to that used to form bladder seal 50 (as described above).
The physical shape and outer surface of cuff connector 18 is
adapted to form a gas tight pneumatic passageway when
mated with instrument connector 16.

[0047] FIG. 4 is an exploded view of the material layers
that comprise cuff 10. Cuff usage register 30 is shown
positioned on stiffener 48 such that cuff connector 18 passes
through cuff usage register 30 thereby ensuring cuff usage
register 30 maintains its position in proximity to cuff con-
nector 18.

[0048] Cuff 10 has an outer surface defined by the outer
surfaces of top layer 42, bottom layer 44 and cuff connector
18. Cuff usage register 30 is enclosed within the outer
surface of cuff 10 at predetermined position and orientation
adapted to permit short range wireless communication with
usage register interface 32 when cuff connector 16 is mated
with cuff connector 18. Enclosing usage register 30 within
the outer surface of cuff 10 provides protection for cuff
usage register 30 from damage that may occur during the use
and cleaning of cuff 10. Cuff usage register 30 cannot be
removed from cuff 10 or tampered with without causing
obvious physical damage to the outer surface of cuff 10.

[0049] 1t will be apparent that cuff 10 may adapted for use
in a sterile surgical field by the addition of flexible plastic
tubing between inflatable bladder 52 and an appropriately
adapted cuff connector 18 so as to permit connection to
instrument 14 outside of the sterile surgical field. It will also
be apparent that other components could be selected to form
cuff register 30 and that cuff register 30 could be enclosed
within the outer surface of cuff 10 by being embedded within
connector 18 such that cuff register 30 retains the correct
orientation and distance from the end of cuff connector 18 to
permit communication with usage register interface 32 when
instrument connector 16 is mated with cuff connector 18 to
establish a gas-tight pneumatic passageway.

Instrument Hardware

[0050] Referring to the block diagram of instrument 14
shown in FIG. 5, controller 54 comprises a microcontroller
(ATMEGA128, Atmel Corp., San Jose, Calif.), associated
memory and control software, analog and digital peripheral
interface circuitry, timers, real time clock and other neces-
sary support components.

[0051] As shown in FIG. 5, pneumatic pump 56 is pneu-
matically connected to reservoir 58 by tubing 60. In
response to control signals from controller 54, pump 56
operates to pressurize reservoir 58. Reservoir pressure trans-
ducer 62 is pneumatically connected by tubing 64 to reser-
voir 58 and generates a reservoir pressure signal. The
reservoir pressure signal is communicated to controller 54.
Controller 54 acts to maintain the pressure in reservoir 58
near a reservoir pressure level, typically 100 mmHg greater
than the cuff reference pressure level. Controller 54 in
response to the reservoir pressure level and the reservoir
pressure signal activates pump 56 to maintain the level of the
reservoir pressure signal near the reservoir pressure level.

[0052] Inflation valve 66 (EVO-3-12V, Clippard Instru-
ment Laboratory, Cincinnati, Ohio) is configured as a two
position normally closed valve. One side of the valve is
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pneumatically connected via tubing 68 to reservoir 58 the
other side of the valve is connected to bladder 52 within cuff
10 via the pneumatic passageway formed by manifold 70,
tubing 20, instrument connector 16 and cuff connector 18.
When energized by controller 54, inflation valve 66 moves
to the open position and allows pressurized gas to flow from
reservoir 58 to cuff 10, thereby increasing the pressure of gas
in the inflatable bladder 52 of cuff 10.

[0053] Deflation valve 72 (EVO-3-12V, Clippard Instru-
ment Laboratory, Cincinnati, Ohio) is configured as a two
position normally closed valve. One side of the valve is
pneumatically connected to cuff 10 via the pneumatic pas-
sageway formed by manifold 70, tubing 20, instrument
connector 16 and cuff connector 18, the other side is open to
atmosphere. When energized by controller 54, deflation
valve 72 moves to the open position and allows pressurized
gas to flow from cuff 10 to atmosphere, thereby decreasing
the pressure of gas in inflatable bladder 52 within cuff 10.

[0054] Manifold pressure transducer 74 is pneumatically
connected to manifold 70 and generates a manifold pressure
signal representative of the pressure within manifold 70
which is communicated to controller 54.

[0055] As shown in FIG. 5 cuff pressure transducer 76 is
located within instrument connector 16 and communicates
pneumatically with the gas passageway within instrument
connector 16 and thereby directly with inflatable bladder 52
when cuff connector 18 is mated with instrument connector
16. Cuff pressure transducer 76 generates a cuff pressure
signal representative of the pressure within cuff 10 which is
communicated to controller 54 via multi-conductor cable 22.

[0056] The direct pneumatic connection between inflat-
able bladder 52 of cuff 10 and cuff pressure transducer 76
provides for an accurate indication of the actual pressure of
gas within cuff 10 at any time. Pressure transducer 76 will
continue to accurately indicate the pressure of gas within
cuff 10 even if tubing 20 should become occluded during
use.

[0057] 1t will be apparent that transducer 76 could be
located within cuff 10 to be in direct communication with
inflatable bladder 52 and coupled to controller 54 via the
same or similar wireless interface employed between usage
register interface 32 and cuff usage register 30.

[0058] As noted above, controller 54 will, in response to
generated alarm signals alert the user of an alarm condition
by the display of appropriate alarm messages on pressure
and time display 24 and by producing audible tones. Speaker
78 is connected to controller 54, and electrical signals
having different frequencies to specify different alarm sig-
nals and conditions are produced by controller 54 and
converted to audible sound by loud speaker 78.

[0059] Physiologic interface 80 provides a means for
controller 54 to interface with and receive information from
physiologic sensors. Controller 54 may if desired, automati-
cally adjust the cuff pressure reference level in response
information received from physiologic sensors via physi-
ologic sensor interface 80. For example, the cuff pressure
reference level may be automatically adjusted by controller
54 in response to a sensor for determining the minimum
effective cuff pressure within cuff 10 required for occluding
blood flow past cuff 10. Also, controller 54 may automati-
cally adjust the cuff pressure reference level in response to
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changes in venous pressure which may occur during intra-
venous regional anesthesia, and in response to changes in
other physiologic parameters such as blood pressure.

Pressure Regulation

[0060] A user of instrument 14 may use keypad 26 to
select a reference pressure level; this is the pressure of gas
that instrument 14 will attempt to maintain in the inflatable
portion of cuff 10 when cuff 10 is inflated. Controller 54 will
generate high or low pressure alarm signals if the pressure
in cuff 10 cannot be maintained near the selected reference
pressure level. If the cuff pressure level exceeds the refer-
ence pressure level by 15 mmHg a high pressure alarm
signal will be generated by controller 54. If the cuff pressure
level falls below the reference pressure level by 15 mmHg
a low pressure alarm signal will be generated by controller
54.

[0061] When instrument connector 16 is mated with cuff
connector 18 and controller 54 detects that the “inflate” key
on keypad 26 has been depressed by a user of instrument 14,
controller 54 first tests, as described further below, to ensure
the usage limit for cuff 10 has not been exceeded. If the cuff
usage limit has been exceeded the user is alerted by mes-
sages displayed on display panels 24 and 28 and by audio
tones, and controller 54 does not proceed to inflate cuff 10.
If the usage limit for cuff 10 has not been exceeded,
controller 54 operates to inflate cuff 10 to a pressure near the
selected reference pressure level and to then regulate the
pressure in cuff 10 near the reference pressure level until
such time that controller 54 detects that the “deflate” key on
keypad 26 has been depressed by a user of instrument 14.
Controller 54 may also inflate, adjust the reference pressure
level, and deflate cuff 10 automatically in response to signals
from physiologic interface 80.

[0062] To inflate and regulate the pressure in cuff 10
controller 54 includes a pressure regulator; the pressure
regulator in the preferred embodiment is implemented as a
control algorithm that operates as described below. At regu-
lar predetermined regulation intervals of 40 ms controller 54
computes a pressure error signal. The pressure error signal
corresponds to the difference between the reference pressure
level and the cuff pressure level. Controller 54 uses the
pressure error signal as a term in a proportional integral
control algorithm to calculate activation time intervals for
inflation valve 66 and deflation valve 72. To increase the gas
pressure in cuff 10 when the cuff pressure signal is below the
reference pressure level, the activation time interval for
deflation valve 72 is set to zero and the activation time
interval for inflation valve 66 is proportional to the magni-
tude of the pressure error signal and the integral of the
pressure error signal. To decrease the gas pressure in cuff 10
when the cuff pressure signal is above the reference pressure
level, the activation time interval for inflation valve 66 is set
to zero and the activation time interval for deflation valve 72
is proportional to the magnitude of the pressure error signal
and the integral of the pressure error signal. Controller 54
limits the maximum valve activation time intervals of valve
66 and valve 72 to the regulation interval time (40 ms). It
will be appreciated by those skilled in the art that alternate
pressure regulation algorithms could be employed to control
the activation of inflation valve 66 and deflation valve 72 in
response to a cuff pressure signal and a reference pressure
level, or that proportional valves could be used instead of the
valves used in the preferred embodiment.
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[0063] In order to correctly regulate the pressure of gas in
cuff 10 at a pressure near the cuff pressure reverence level
and correctly indicate over and under pressure alarm con-
ditions, controller 54 must have available an accurate indi-
cation of the pressure within the inflatable portion of cuff 10.
In the preferred embodiment the accurate measurement of
the pressure of gas in cuff 10 is facilitated by cuff pressure
transducer 76 and the direct pneumatic connection between
the inflatable portion of cuff 10 and transducer 76. The
connection between the inflatable portion of cuff 10 and
transducer 76 is made within instrument connector 16.

[0064] While regulating the pressure within cuff 10, con-
troller 54 compares the level of the manifold pressure signal
with the level of the cuff pressure signal. If the level of the
manifold pressure level differs substantially from the cuff
pressure signal controller 54 acts to alert the user that an
occlusion of tubing 20 may have occurred or other fault
condition.

Cuft Usage Register

[0065] Referring again to the block diagram in FIG. 5,
controller 54 communicates with cuff usage display 28 to
display information obtained from cuff usage register 30
which is integral to cuff 10.

[0066] To read and write information to cuff usage register
30 controller 54 sends commands and data to cuff usage
register interface 32 located in instrument connector 16.
Usage register interface 32 communicates with controller 54
via multi-conductor cable 22. Usage register interface 32
responds to commands from controller 54 to detect the
presence of usage register 30, to read values from usage
register 30, and to write values to usage register 30.

[0067] Controller 54 polls usage register interface 32 to
detect the presence of usage register 30. When instrument
connector 16 is mated with cuff connector 18 to establish a
pneumatic passageway, thus allowing usage register inter-
face 32 to establish communication with cuff usage register
30, usage register interface 32 communicates to controller
54 that usage register 30 has been detected and values may
now be read from and written to usage register 30. When
instrument connector 16 is not connected to cuff connector
18 and the presence of usage register 30 is not detected by
controller 54, controller 54 acts to inhibit activation of the
pressure regulator described above and to display a message
on cuff usage display 28 to indicate that a pneumatic
connection has not been established to cuff 10.

[0068] Cuff usage register 30 contains non-volatile elec-
trically alterable memory. Values representing amounts and
limits of cuff usage may be both written to and read from
selected memory locations within cuff usage register 30.
Selected memory locations may also be configured as read
only which inhibits the further writing and updating of
values in these locations. Memory locations may be written
to and then configured as read only at the time cuff 10 is
manufactured.

[0069] Memory locations containing values representing
usage limits are written with predetermined values at the
time cuff 10 is manufactured and then configured as read
only locations to prevent any subsequent modification of the
limits. Usage limits are chosen at the time of manufacture to
ensure continued safe operation of cuff 10 within the con-
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fines of the construction methods and physical materials
used in the manufacture of cuff 10.

[0070] Memory locations containing values representing a
record of cuff usage are configured as read/write so that they
may be updated by controller 54 via usage register interface
32 when cuff 10 is pressurized.

[0071] As defined above, in the preferred embodiment the
usage limits stored in usage register 30 are as follows:
Inflation Cycle Limit; Inflation Cycle Pressure Limit; Infla-
tion Cycle Time Limit; Maximum Pressure Limit; Inflation
Time Limit; and End of Usage Date. Also, as defined above
the usage record stored in usage register 30 includes the
following: Number of Cycles of Inflation; Maximum Pres-
sure of Inflation; and Cumulative Time of Inflation.

[0072] Other memory locations may be used to store
values to uniquely identify cuff 10 and to represent infor-
mation regarding the physical characteristics of cuff 10 such
as: cuff length, the cuff type, the cuff shape, and recom-
mended cuff pressures. For example, instrument 14 may be
configured with two independent pressure regulators, asso-
ciated pneumatics and usage register interfaces to permit it
to independently pressurize two cuff bladders such as is
required for a dual-bladder tourniquet cuff used for Bier
block anesthesia. Cuff and bladder identification information
stored in the usage register for each cuff bladder can be used
by instrument 14 to alert the operator that the cuff is
correctly identified, that the two sets of tubing and connec-
tors from the tourniquet instrument are correctly connected
to the matching proximal and distal bladders, and that the
tourniquet pressure setting is appropriate for the identity and
characteristics of the connected dual-bladder cuff.

[0073] Inthe preferred embodiment usage limits are estab-
lished and set at the time of cuff manufacture and usage
records are modified only by tourniquet instrument 14. It
will be apparent that various security methods known in the
art could be used to prevent unauthorized modification of the
contents of usage register 30 by instruments other than
tourniquet instrument 14.

[0074] When instrument connector 16 is mated with cuff
connector 18 and controller 54 confirms that usage register
30 has been detected and that values may be read from and
written to usage register 30, controller 54 reads and stores in
its internal memory the usage limits and usage record from
usage register 30, via usage register interface 32. Controller
54 then displays these values on cuff usage display 28.

[0075] Controller 54 next compares the usage record to the
usage limits as follows: The Number of Cycles of Inflation
is compared with the Inflation Cycle Limit, if the Number of
Cycles of Inflation is equal to or greater than the Inflation
Cycle Limit a warning message is displayed on cuff usage
display 28 and the inflation of cuff 10 is inhibited; the
Maximum Pressure of Inflation is compared with the Maxi-
mum Pressure Limit, if the Maximum Pressure of Inflation
is greater than the Maximum Pressure Limit a warning
message is displayed and the inflation of cuft 10 is inhibited;
the Cumulative Time of Inflation is compared with the
Inflation Time Limit, if the Cumulative Time of Inflation is
greater than the Inflation Time Limit a warning message is
displayed and the inflation of cuff 10 is inhibited; the End of
Usage Date is compared with the current date and if the
current date is greater than the End of Usage Date a warning
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message is displayed on cuff usage display 28 and the
inflation of cuff 10 is inhibited.

[0076] In addition, controller 54 acts to limit the maxi-
mum cuff reference pressure selectable by a user of instru-
ment 14 to the Maximum Pressure Limit for cuff 10
retrieved from cuff usage register 30. This prevents an
operator from selecting pressure levels that are potentially
damaging to cuff 10.

[0077] If controller 54 does not detect that any usage limit
for cuff 10 has been exceeded, controller 54 proceeds, as
described above, to pressurize cuff 10 when a user of
instrument 14 activates the “inflate” key on keypad 26.

[0078] In the preferred embodiment, controller 54 inhibits
inflation of cuff 10 if the usage limit has been exceeded. It
will be apparent that controller 54 could be configured to
allow inflation of cuff 10 when a usage limit has been
exceeded by requiring the operator to use keypad 26 to
acknowledge that the usage limit for cuff 10 has been
exceeded before inflating cuff 10.

[0079] To update the Number of Cycles of Inflation con-
troller 54 operates as follows. Controller 54 monitors the
cuff pressure level as indicated by cuff pressure transducer
76. When the cuff pressure level exceeds the Inflation Cycle
Pressure Limit retrieved from cuff usage register 30, con-
troller 54 starts a timer, this timer continues to run while the
cuff pressure level remains above the Inflation Cycle Pres-
sure Limit and measures the duration of time that the
pressure level exceeds the limit. When the cuff pressure
level does not exceed the Inflation Cycle Pressure Limit,
controller 54 stops and resets this timer. When the time
indicated by the timer exceeds the Inflation Cycle Time
Limit, controller 54 increments the Number of Cycles of
Inflation by 1 and writes via usage register interface 32 the
updated value to usage register 30.

[0080] In the preferred embodiment the Inflation Cycle
Pressure Limit and the Inflation Cycle Time Limit are used
to define what level and duration of pressurization of cuff 10
is considered to be an Inflation Cycle. These limits can be
selected so as to permit the functional testing of cuff 10
using appropriate test methods by operating-room staff
between successive usages, and the testing by biomedical
engineering staff on a periodic basis, without such testing
affecting the available Number of Cycles of Inflation of the
cuff.

[0081] To update the Maximum Pressure of Inflation con-
troller 54 monitors the cuff pressure level as indicated by
cuff pressure transducer 76. If at any time the cuff pressure
level exceeds the Maximum Pressure of Inflation, controller
54 sets the Maximum Pressure of Inflation to the cuff
pressure level and writes via usage register interface 32 the
updated value to usage register 30. This ensures that the
usage record for cuff 10 reflects the peak pressure to which
cuff 10 has been exposed. Controller 54 also compares the
cuff pressure level to the Maximum Pressure Limit and alerts
the operator by displaying an alarm message and activating
an audio tone if the cuff pressure level exceeds the Maxi-
mum Pressure Limit.

[0082] In the preferred embodiment the Cumulative Time
of Inflation is measured in minutes. To update the Cumula-
tive Time of Inflation controller 54 increments the Cumu-
lative Time of Inflation and writes the updated value to usage
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register 30 each minute that the cuff pressure level remains
above a predetermined minimum pressure level. In the
preferred embodiment the predetermined minimum pressure
level is the same as the Inflation Cycle Pressure Limit used
to determine usage cycles. It will be apparent that alternate
pressure limits could be used and the limit predetermined by
controller 54 or recorded as a separate limit in cuff usage
register 32.

Examples of Typical Use

[0083] To enable a better understanding of the preferred
embodiment and the function of the cuff usage record and
limits, examples of the preferred embodiment’s typical use
in surgical procedures are described below.

[0084] In this first example cuff 10 is a reusable tourniquet
cuff that may be cleaned and disinfected prior to each
application to a patient by appropriate methods. The manu-
facturer has performed testing and determined usage limits
for the cuff that will permit cuff 10 to be used safely under
normal conditions. The usage limits stored in cuff usage
register 30 are: Inflation Cycle Limit 10; Inflation Cycle
Pressure Limit 50 mmHg; Inflation Cycle Time Limit 10
minutes; Maximum Pressure Limit 500 mmHg; Inflation
Time Limit 1200 minutes.

[0085] Cuff 10 is selected for application to a patient for
use during a surgical procedure and connected to instrument
14. Instrument 14 then reads and displays the usage limits
above and the usage record of cuff 10. The usage record
from cuff 10 shows the following usage: Number of Cycles
of Inflation 7; Maximum Pressure of Inflation 300 mmHg,
Cumulative Time of Inflation 600 minutes.

[0086] As none of the usage limits have been exceeded
instrument 14 will permit cuff 10 to be pressurized when the
user activates the “inflate” key on keypad 26.

[0087] Inthis example, the operator wishes to first test cuff
10 by pressurizing it to 400 mmHg prior to applying it to the
patient for the surgical procedure. To test cuff 10 the
operator selects a reference pressure of 400 mmHg and
inflates cuff 10, after 3 minutes the operator deflates cuft 10
by activating the deflate key on keypad 26. During the test
instrument 14 updates usage record maintained in cuff usage
register 30, the usage record for cuff 10 now shows the
following: Number of Cycles of Inflation 7; Maximum
Pressure of Inflation 400 mmHg, Cumulative Time of Infla-
tion 603 minutes. Note that the Number of Cycles of
Inflation has not increased because the Inflation Cycle Time
Limit of 10 minutes was not exceeded during the testing
however, the maximum pressure of inflation and cumulative
inflation time have both increased.

[0088] The operator next applies cuff 10 to the patient and
selects a cuff reference pressure of 300 mmHg. Cuff 10 is
inflated for a total of 60 minutes during the surgical proce-
dure. At the end of the surgical procedure cuff usage register
30 contains the following record of cuff usage: Number of
Cycles of Inflation 8; Maximum Pressure of Inflation 400
mmHg, Cumulative Time of Inflation 663 minutes. Note that
the Number of Cycles of Inflation has increased by 1 and
Cumulative Time of Inflation has increased by 60 minutes.

[0089] In this example cuff 10 has 2 remaining inflation
cycles that it can be subjected to in subsequent surgical
procedures before instrument 14 inhibits further pressuriza-
tion of cuff 10.
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[0090] Another example of the preferred embodiment’s
typical use in surgical procedures is as follows. In this
example cuff 10 is a low cost disposable tourniquet cuff
which is sterilized by the manufacturer and supplied in a
sterile state to the user. Due to the materials and methods
used in the manufacture of this cuff the usage limits stored
in cuff usage register 30 are predetermined by the manufac-
turer to be: Inflation Cycle Limit 1; Inflation Cycle Pressure
Limit 50 mmHg; Inflation Cycle Time Limit 10 minutes;
Maximum Pressure Limit 400 mmHg; Inflation Time Limit
240 minutes.

[0091] Cuff 10 is selected for application to a patient for
use during a surgical procedure and connected to instrument
14. Instrument 14 then reads and displays the usage limits
above and the usage record of cuff 10. The usage record
from cuff 10 shows the following usage: Number of Cycles
of Inflation 0; Maximum Pressure of Inflation 0 mmHg,
Cumulative Time of Inflation 0 minutes. Because cuff 10 has
not been previously used the usage record shows 0 values.

[0092] The operator next applies cuff 10 to the patient and
selects a cuff reference pressure of 250 mmHg. As none of
the usage limits have been exceeded instrument 14 will
permit cuff 10 to be pressurized when the user activates the
“inflate” key on keypad 26. Cuff 10 is inflated for a total of
80 minutes during the surgical procedure. At the end of the
surgical procedure cuff usage register 30 contains the fol-
lowing record of cuff usage: Number of Cycles of Inflation
1; Maximum Pressure of Inflation 250 mmHg, Cumulative
Time of Inflation 80 minutes.

[0093] In this example the Number of Cycles of Inflation
now equals the Inflation Limit stored in usage register 30 in
cuff 10. If cuff 10 is subsequently connected to instrument
14, instrument 14 will detect that the usage limit for this cuff
has been exceeded and alert the operator and inhibit pres-
surization of cuff 10. This prevents cuff 10 from being used
beyond the usage limits set by the manufacturer for the safe
and effective use of cuff 10.

[0094] The embodiment illustrated is not intended to be
exhaustive or limit the invention to the precise form dis-
closed. 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.

We claim:
1. A tourniquet cuff for limiting usage to improve safety,
comprising

an inflatable portion having a length sufficient for encir-
cling a patient’s limb at a desired location;

cuff connector means communicating pneumatically with
the inflatable portion and adapted near an end for
connecting to a tourniquet instrument to establish a
releasable pneumatic connection; and

a cuff usage register located at a predetermined distance
from the end of the cuff connector means and adapted
for containing a usage amount record indicative of an
amount of a predetermined usage of the cuff.

2. The apparatus as described in claim 1 wherein the cuff
usage register further contains a usage limit record indica-
tive of a predetermined limit of the predetermined usage of
the cuff.
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3. The tourniquet cuff as described in claim 2 wherein the
cuff usage register is further adapted for enabling the cuff
usage record and the usage limit record to be read by a
tourniquet instrument that is pneumatically connected to the
inflatable portion through the cuff connector means.

4. The apparatus as described in claim 1 wherein the
predetermined usage is the number of cycles of inflation
above a predetermined minimum pressure for at least a
predetermined minimum period of time before deflation
below the predetermined minimum pressure.

5. The apparatus as described in claim 1 wherein the
predetermined usage is the cumulative time of inflation to a
pressure level greater than a predetermined minimum pres-
sure.

6. The apparatus as described in claim 1 wherein the
predetermined usage is the maximum pressure of inflation.

7. The apparatus as described in claim 2 and including a
tourniquet instrument having means for reading the usage
amount record and the usage limit record while the pneu-
matic connection is established and for producing a usage
alert signal if the amount indicated by the usage amount
record is not less than the predetermined limit indicated by
the usage limit record.

8. The apparatus as described in claim 1 and including a
tourniquet instrument adapted for reading an initial usage
amount record indicative of an initial amount of the prede-
termined usage upon establishment of the pneumatic con-
nection, for calculating an incremental amount of the pre-
determined usage while the cuff is connected to the
tourniquet instrument, and for writing a cumulative usage
amount record into the cuff usage register that is indicative
of the sum of the initial amount and the incremental amount.

9. The apparatus as described in claim 2 wherein the
predetermined usage is the maximum pressure of inflation
and including a tourniquet instrument adapted for reading
the usage amount record indicative of a first amount of the
predetermined usage upon connection to the tourniquet cuff,
for reading the usage limit record indicative of the prede-
termined limit and for calculating a second amount of the
predetermined usage while the cuff is connected to the
tourniquet instrument, wherein the tourniquet instrument is
operable to produce a usage alert signal if the second amount
exceeds the predetermined limit.

10. The apparatus as described in claim 1 wherein the cuff
is formed of materials having physical properties that are
substantially unchanged at an elevated temperature suffi-
cient to sterilize the cuff by autoclaving.

11. A tourniquet cuff for limiting usage to improve safety,
comprising

a tourniquet cuff having an inflatable portion and includ-
ing a cuff connector means adapted near an end for
connecting to a tourniquet instrument to establish a
pneumatic passageway between the tourniquet instru-
ment and the inflatable portion, wherein the cuff has an
outer surface; and

a cuff usage register enclosed within the outer surface of
the cuff and adapted for containing a usage amount
record indicative of an amount of a predetermined
usage of the cuff.

12. The apparatus as described in claim 11 and including

a tourniquet instrument adapted for connection to the tour-
niquet cuff to establish the pneumatic passageway wherein
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the tourniquet instrument is further adapted for reading the
usage amount record while the pneumatic passageway is
established.

13. The apparatus as described in claim 12 wherein the
usage amount record is indicative of an initial amount of the
predetermined usage upon connection to the tourniquet cuff
and wherein the tourniquet instrument includes means for
calculating an incremental amount of the predetermined
usage of the cuff while the cuff is connected to the tourniquet
instrument.

14. The apparatus as described in claim 12 wherein the
tourniquet instrument includes means for calculating a
cumulative amount of the predetermined usage equal to the
sum of the initial amount and the incremental amount and
wherein the tourniquet instrument is further adapted to write
into the cuff usage register a cumulative usage amount
record indicative of the cumulative amount.

15. The apparatus as described in claim 13 wherein the
tourniquet instrument includes means to calculate a remain-
ing amount of the predetermined usage equal to the differ-
ence between the initial amount and the incremental amount
and wherein the tourniquet instrument is further adapted to
write into the cuff usage register a remaining usage amount
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record indicative of the remaining amount of the predeter-
mined usage.

16. The apparatus as described in claim 12 wherein the
cuff usage register further contains a usage limit record
indicative of a predetermined limit of the predetermined
usage of the cuff, wherein the tourniquet instrument is
further adapted for reading the usage limit record while the
pneumatic passageway is established, wherein the tourni-
quet instrument includes means for setting a level of the
predetermined usage for a surgical procedure, and wherein
the tourniquet instrument is further adapted to limit the
setting of the level to less than the predetermined limit
indicated by the usage limit record.

17. The apparatus as described in claim 12 wherein the
cuff usage register further contains a cuff identification
record that is uniquely indicative of the cuff among a
plurality of cuffs and wherein the tourniquet instrument is
further adapted for reading the cuff identification record
while the pneumatic passageway is established to uniquely
identify the cuff among the plurality of cuffs.



