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(57) ABSTRACT 

A surgical tourniquet cuiT system includes a tourniquet cuiT 
with a cuiT connector for communicating pneumatically with 
the cuiT and for releasably connecting to a tourniquet instru 
ment connector to establish a pneumatic passageway 
between the cuiT connector and the tourniquet instrument 
connector. A tourniquet instrument supplies pressurized gas 
through the pneumatic passageway to the cuiT. The tourni 
quet instrument connector includes a cuiT pressure trans 
ducer for producing a cuiT pressure signal indicative of the 
pressure of gas within the gas passageway near the connec 
tion. The cuiT may include a cuiT usage register for contain 
ing a cuiT usage record and the tourniquet instrument con 
nector may include a cuiT usage register interface for reading 
the record. The tourniquet cuiT may further include a cuiT 
sheath forming a ?exible conduit containing the cuiT con 
nector and siZed to allow the connection of the cuiT con 
nector to the tourniquet instrument connector within the 
sheath. 
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FIG. 2 
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FIG. 3 
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SURGICAL TOURNIQUET CUFF SYSTEM 

[0001] This is a continuation-in-part of a US. patent 
application Ser. No. 11/198,565. 

FIELD OF THE INVENTION 

[0002] This invention pertains to pneumatic tourniquet 
culfs commonly used for stopping arterial blood ?oW into a 
portion of a surgical patient’s limb to facilitate the perfor 
mance of a surgical procedure, and for facilitating intrave 
nous regional anesthesia. 

BACKGROUND 

[0003] A typical surgical tourniquet system of the prior art 
includes an in?atable tourniquet culf for encircling a 
patient’s limb at a desired location and a tourniquet instru 
ment for supplying the tourniquet culf With gas at a pressure 
su?icient to stop the ?oW of arterial blood past the cuff and 
into the limb. The tourniquet culf typically includes an 
in?atable portion communicating pneumatically through a 
culf port With a culf connector that is releasably attachable 
to the tourniquet instrument through an instrument connec 
tor and ?exible instrument tubing. This releasable connec 
tion establishes a pneumatic passageWay for pressurized gas 
to pass betWeen the tourniquet instrument and the in?atable 
portion of the cuff. 

[0004] Many types of surgical tourniquet systems, includ 
ing tourniquet cuffs and tourniquet instruments, have been 
described in the prior art, such as those described by 
McEWen in US. Pat. Nos. 4,469,099, 4,479,494, 5,439,477 
and by McEWen and Jameson in US. Pat. Nos. 5,556,415 
and 5,855,589. Many prior-art tourniquet instruments 
include a pressure regulator to increase and decrease the 
pressure of gas in the pneumatic passageWay at the instru 
ment end of the passageWay to maintain the pressure in the 
in?atable portion of the cuff near a reference pressure that is 
above a minimum pressure required to stop arterial blood 
?oW past the cuff during a time period suitably long for the 
performance of a surgical procedure. Some tourniquet 
instruments of the prior art, as described for example by 
McEWen in US. Pat. No. 4,469,099, include audio-visual 
alarms to promptly alert users to any signi?cant over 
pressuriZation or under-pressurization of a connected tour 
niquet culf aWay from a selected tourniquet reference pres 
sure, and include audio-visual alarms to alert users to any 
excessive periods of pressurization of a connected culf, 
because the surgical literature clearly shoWs that such con 
ditions are haZardous and are associated With increased 
probabilities of toumiquet-related injuries to patients. A feW 
tourniquet systems of the prior art, such as those described 
by McEWen in US. Pat. Nos. 4,479,494 and 5,439,477, 
include physiologic transducers to help automatically deter 
mine the minimum and safest tourniquet reference pressure 
required to stop arterial blood ?oW in the limbs of individual 
patients undergoing speci?c surgical procedures. 

[0005] In many tourniquet systems of the prior art, a 
pressure transducer located Within tourniquet instrument is 
employed to sense the pressure of gas at the instrument end 
of the pneumatic passageWay betWeen the instrument and 
the tourniquet cuff, and that pressure is displayed for surgi 
cal staff as an estimate of the actual tourniquet culf pressure 
and is employed by the pressure regulator of the tourniquet 
instrument. In such systems, the pressure transducer senses 
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culf pressure indirectly and remotely from the tourniquet 
culf through long and ?exible instrument tubing and an 
instrument connector. Accordingly, the accuracy of the esti 
mated culf pressure may be affected by partial or complete 
obstructions of the pneumatic passageWay Within the tour 
niquet instrument, instrument tubing, instrument connector 
and Within the tourniquet culf. 

[0006] In prior-art tourniquet systems Where culf pressure 
is estimated remotely by a pressure transducer located 
Within the tourniquet instrument, a variety of haZards may 
arise. For example, a complete obstruction may alloW the 
actual pressure in the in?atable portion of the cuff to 
decrease substantially beloW the desired tourniquet pressure 
to a level Where the cuff may be completely depressuriZed, 
or to increase substantially above the desired tourniquet 
pressure, Without any indication to the surgical staff. In 
effect, the monitoring and regulation of culf pressure may 
stop at the location of the obstruction. Also, any complete 
obstruction may render ine?fective any audio-visual safety 
alarms of a connected prior-art tourniquet instrument 
intended to Warn of haZardous over-pressurization or under 
pressuriZation of the cuff, such as the safety alarms 
described by McEWen in US. Pat. No. 4,469,099. As 
another example, a partial obstruction may increase the 
pneumatic ?oW resistance at the location of the partial 
obstruction, and thus may reduce the ability of a connected 
tourniquet instrument to accurately and rapidly indicate 
changes in the actual culf pressure and to rapidly and 
accurately regulate cuff pressure. Also, prior-art tourniquet 
systems in Which culf pressure is estimated remotely by a 
pressure transducer located Within the tourniquet instrument 
may not be capable of detecting and responding rapidly, 
safely and appropriately to interruptions and large leaks 
caused by unanticipated malfunctions or failures of any of 
the pneumatic components forming the pneumatic passage 
Way. 

[0007] To improve safety and performance, some tourni 
quet systems of the prior art, often called dual-port tourni 
quet systems, establish tWo separate pneumatic passageWays 
betWeen the tourniquet instrument and the in?atable portion 
of the cuff. In one dual-port tourniquet system of the prior 
art, described in US. Pat. No. 4,469,099, the pneumatic 
pressure regulation elements Within the tourniquet instru 
ment communicate With the in?atable portion of the tour 
niquet culf through one pneumatic passageWay, and a pres 
sure transducer Within the tourniquet instrument 
communicates pneumatically With the in?atable portion of 
the cuff through a separate pneumatic passageWay. Under 
normal operating conditions, this provides surgical staff with 
a more accurate indication of cuff pressure and enables the 
tourniquet instrument to increase the accuracy and speed of 
culf pressure regulation. HoWever, such dual-port tourniquet 
systems still sense cuff pressure by means of a pressure 
transducer located Within the tourniquet instrument and thus 
their accuracy, performance and safety may be affected by 
?oW resistances, partial obstructions, complete obstructions, 
interruptions and large leaks Within their dual pneumatic 
passageWays. Toumiquet culfs of the prior art can be 
grouped into three broad categories by their intended usage: 
(1) reusable tourniquet culfs manufactured for usage outside 
the sterile surgical ?eld in multiple surgical procedures, and 
for cleaning by users betWeen successive procedures; (2) 
reusable tourniquet culfs manufactured for usage Within the 
sterile surgical ?eld in multiple surgical procedures, and for 
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cleaning and sterilization by speci?ed sterilization processes 
betWeen successive procedures; and (3) disposable tourni 
quet culfs manufactured as sterile products suitable for 
usage Within the sterile surgical ?eld in one surgical proce 
dure, and for disposal after the procedure. 

[0008] Toumiquet culfs of the prior art manufactured for 
use as sterile products Within the sterile surgical ?eld typi 
cally have long ports betWeen the cuff connectors and the 
in?atable portions of such cuffs, alloWing such cuffs to be 
applied and used Within the sterile surgical ?eld and to be 
connected to non-sterile tourniquet instrument connectors 
and non-sterile instrument tubing outside the sterile ?eld. 
However, such long ports may interfere With the application 
of the cuff to the limb or may inadvertently make contact 
outside of the sterile ?eld during culf application and may 
thus contaminate the sterile culf or surgical personnel. For 
certain surgical procedures, the desired sterile ?eld may be 
very large and even very long ports of arbitrary lengths 
determined by the manufacturer may not be su?iciently long 
to extend beyond the desired sterile ?eld. Also, including 
long ports in prior-art culfs intended for use in a sterile 
surgical ?eld adds to their cost of manufacture, an important 
consideration if the cuff is intended for disposal after a single 
surgical procedure. Also, increasing the lengths of the ports 
of sterile cuffs and steriliZable culfs of the prior art to alloW 
their connection to non-sterile instrument connectors and 
instrument tubing may increase pneumatic ?oW resistance, 
may affect the accuracy of culf pressure indication and 
regulation, and may increase the likelihood of partial or 
complete occlusions of the pneumatic passageWay, as 
described above. 

[0009] In US. patent application Ser. No. 11/153,667 
McEWen et al. describe a tourniquet culf that has minimal 
?oW restrictions Within the pneumatic passageWay of the 
cuff under normal operating conditions, that has a substan 
tially reduced likelihood of partial or complete obstructions 
or interruptions of the pneumatic passageWay Within the cuff 
under foreseeable operating conditions, that can indicate 
exposure of the cuff to one or more external agents that are 
capable of affecting the integrity of the pneumatic passage 
Way of the cuff before use, and that can be manufactured 
economically. HoWever, McEWen et al. Ser. No. 11/ 153,667 
does not address haZards that may arise due to ?oW restric 
tions and partial or complete obstructions of the portion of 
the pneumatic passageWay external to the tourniquet culf 
that are Within the tourniquet instrument, the instrument 
tubing and the instrument connector. 

[0010] In US. Pat. No. 6,682,547 McEWen et al. describe 
a tourniquet culf having identi?cation means indicative of a 
physical characteristic of the cuff and detectable by a con 
nected tourniquet instrument. In US. Pat. App. Pub. US 
20030167070 A1, McEWen et al. describe an adaptive 
tourniquet culf system in Which a tourniquet culf carries 
identi?cation 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 identi?cation by a tourniquet instrument of prior expo 
sure of a connected culf to a potentially haZardous re 
steriliZation process. In US. patent application Ser. No. 
11/153,667 McEWen et al. describe a disposable tourniquet 
culf having means visually detectable by a user and auto 
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matically detectable by a connected tourniquet instrument to 
indicate exposure of the cuff to re-steriliZation processes, 
indicating re-steriliZation and possible reuse of a culf origi 
nally manufactured and supplied as a sterile, single-use 
product. HoWever, McEWen et al. ’547, McEWen et al. US 
20030167070 A1 and McEWen et al. Ser. No. 11/153,667 do 
not describe means for limiting the usage of a speci?c 
tourniquet culf so that its usage does not exceed a safe usage 
limit for that culf, to improve safety. 

[0011] In the US. patent application Ser. No. 11/198,565, 
(hereafter the “Parent Application”) of Which the present 
application is a continuation-in-part, McEWen et al. describe 
apparatus for appropriately limiting the usage of a speci?c 
tourniquet culf so that its usage does not exceed a safe usage 
limit for that cuff, to improve safety. For example, the 
apparatus of the Parent Application can limit the number of 
usages of a speci?c non-sterile, reusable tourniquet culf so 
that usage of the cuff does not exceed a safe maximum 
number. Also, the apparatus of the Parent Application can 
limit the usage of reusable tourniquet culfs manufactured as 
re-steriliZable to usage and re-steriliZation Within safe limits, 
including for example limiting the cumulative in?ation time, 
the maximum in?ation pressure, the number of cycles of 
usage and re-steriliZation, or the overall duration of usage 
from time of manufacture due to ageing of culf materials. 
Further, the Parent Application also describes apparatus that 
can limit the usage of a single-use tourniquet culf to usage 
Within safe usage limits, and to usage in only one surgical 
procedure, Without relying on the detection of re-steriliZa 
tion to indicate possible reuse, because some users may 
attempt to reuse single-use culfs as non-sterile cuffs, Without 
exposing them to re-steriliZing agents and re-steriliZation 
processes betWeen successive usages. The apparatus of the 
Parent Application also describes a tourniquet instrument 
connector containing a culf usage register interface that is 
located Within a predetermined distance from the tourniquet 
culf containing a culf usage register so that culf usage 
records can be read from, and Written into, the register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a pictorial representation of one preferred 
embodiment in a surgical application. 

[0013] FIG. 2 is a top vieW of the cuff portion of the 
preferred embodiment. 

[0014] FIG. 3 is an exploded vieW of the cuff portion the 
preferred embodiment. 

[0015] FIG. 4 is a section taken from FIG. 2, With the cuff 
applied to the patient’s limb as shoWn in FIG. 1. 

[0016] FIG. 5A is a partial section of the cuff taken from 
FIG. 2. 

[0017] FIG. 5B is a partial section of the cuff taken from 
FIG. 2 also shoWing a section of the instrument connector. 

[0018] FIG. 5C is a partial section of the cuff taken from 
FIG. 2 also shoWing a section of the instrument connector 
mated With the cuff connector. 

[0019] FIG. 6 is a block diagram of the preferred embodi 
ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] FIG. 1 is a pictorial representation of the preferred 
embodiment in a surgical application, shoWing tourniquet 
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culf 10 applied to patient limb 12 and pneumatically con 
nected to tourniquet instrument 14. Patient limb 12 is shown 
With a surgical site 16. The perimeter of a sterile surgical 
?eld 18 encloses surgical site 16, a portion of patient limb 
12, tourniquet culf 10, and a portion of transparent ?exible 
sheath 20. Creating and maintaining a sterile surgical ?eld is 
an essential aspect of aseptic technique. To minimiZe the risk 
of infection of surgical site 16 only sterile objects and sterile 
portions of surgical staff may be alloWed Within the area of 
sterile ?eld 18. 

[0021] Within sheath 20, tourniquet instrument connector 
22 mates with cuff connector 24 (shoWn in detail in FIGS. 
3, 4, 5A, 5B, and SC) on culf 10 to form a releasable 
pneumatic connection to the in?atable portion of culf 10. A 
pneumatic connection betWeen instrument 14 and the in?at 
able portion of culf 10 is formed When instrument connector 
22 is mated with cuff connector 24, as shoWn in FIG. 1 and 
FIG. 5C. Instrument connector 22 is pneumatically con 
nected to instrument 14 by ?exible plastic tourniquet instru 
ment tubing 26 and is electrically connected to instrument 
14 by multi-conductor cable 28. 

[0022] Instrument 14, tubing 26, cable 28, and instrument 
connector 22 are not sterile. The surfaces of instrument 14, 
tubing 26, cable 28, and connector 22 are typically Wiped 
clean by the clinical user With an appropriate cleaning and 
disinfecting agent. This level of cleaning does not produce 
sterile surfaces and is typical of the cleaning and disinfecting 
of non-sterile equipment used in surgical operating rooms. 

[0023] To permit culf 10 to be used in sterile surgical ?eld 
18, culf 10 may be steriliZed at time of manufacture by 
exposure to a sterilizing agent Within a steriliZing process 
determined to be safe and effective by the manufacturer, and 
may be supplied as a sterile product. Alternatively, it Will be 
apparent that culf 10 may be supplied as a non-sterile 
product by the manufacturer and may be steriliZed subse 
quently by surgical stalf, using a steriliZing process appro 
priate for culf 10, prior to use in sterile ?eld 18. For example, 
culf 10 may be manufactured to Withstand the temperatures 
and humidity associated With an autoclaving process for 
sterilization, and surgical staff may then autoclave culf 10 
prior to use in surgical ?eld 18. 

[0024] To permit a pneumatic connection to be made 
betWeen the in?atable portion of culf 10 and instrument 14 
Without compromising the integrity of sterile surgical ?eld 
18, culf 10 includes transparent ?exible sheath 20. Sheath 20 
is permanently attached to culf 10 and stored as a roll on culf 
10 near the location of culf connector 24 as shoWn in FIGS. 
2, 3, and 5A. It Will be apparent that sheath 20 may adapted 
to releasably attach to culf 10 at the location of culf 
connector 20, alloWing sheath 20 to be steriliZed by a 
process that is different than the process used to steriliZe culf 
10, thus alloWing sterile sheath 20 to be attached to a culf 
steriliZed by another process. For example, sheath 20 may be 
steriliZed by exposure to gamma radiation at time of manu 
facture and supplied as a sterile product for connection by 
surgical staff to a reusable culf that has been adapted for 
steriliZation by an autoclaving process in a hospital setting. 

[0025] To connect instrument connector 22 to culf con 
nector 24 to form a pneumatic connection betWeen culf 10 
and instrument 14, Without compromising the integrity of 
sterile surgical ?eld 18, sheath 20 is ?rst extended beyond 
the perimeter of sterile surgical ?eld 18 as shoWn in FIG. 1. 
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Non-sterile instrument connector 22, tubing 26 and cable 28 
are then passed through the conduit formed by sheath 20 to 
culf connector 24. The siZe and shape of the thin ?exible 
transparent material of sheath 20 alloWs a sterile user to 
manipulate instrument connector 22 through sheath 20 to 
connect it to culf connector 24. The inner surface of sheath 
20 is non-sterile as soon as contact is made With instrument 
connector 22, tubing 26 or cable 28, but the outer surface of 
sheath 20 that remains inside sterile ?eld 18 continues to be 
sterile. Sheath 20 is constructed of material selected to form 
an impervious barrier to micro-organisms that might other 
Wise contaminate sterile ?eld 18 and infect surgical site 16. 

[0026] Instrument 14 shoWn in FIG. 1 has a user interface 
consisting of pressure and time display panel 30, keypad 32 
and cuff usage display panel 34. Pressure and time display 
panel 30 is employed for the selective display of any of the 
folloWing alphanumeric information: actual culf pressures 
as measured by instrument 14; reference or “set” culf 
pressure levels, alarm reference “limits” or values; alpha 
numeric alarm messages describing detected alarm condi 
tions and other information required for the operation of 
instrument 14. 

[0027] Keypad 32 provides a means for a user of instru 
ment 14 to control the operation of instrument 14. Keypad 
32 includes an “in?ate” key to initiate the in?ation of culf 
10, a “de?ate” key to initiate the de?ation of culf 10, and 
other keys to permit the user of instrument 14 to adjust the 
reference pressure level and set a time limit for an in?ation 
time alarm. 

[0028] When culf 10 is pneumatically connected to tour 
niquet instrument 14, culf usage display panel 34 is 
employed to indicate a record of the usage of culf 10 and 
predetermined usage limits. 

[0029] To improve patient safety by minimiZing the risk of 
malfunction or failure of culf 10 during a surgical procedure, 
the preferred embodiment maintains a record of culf usage. 
The preferred embodiment may also inhibit further usage 
and alert a surgical user if culf usage has exceeded a 
predetermined limit, as described beloW. 

[0030] Integral to culf 10 is a culf usage register 36 shoWn 
in FIGS. 3, 4, 5A, 5B and 5C. Culf usage register 36 is 
located inside culf 10 at a predetermined distance from the 
end of culf connector 24. As described further beloW, culf 
usage register 36 is used to maintain a record of usage of culf 
10 and predetermined usage limits. 

[0031] In the preferred embodiment culf usage register 36 
is comprised of a radio frequency transponder With memory 
(RA-ll7-ll2A, Texas Instruments, Dallas, Tex. Physically, 
usage register 36 is 33 mm in diameter With an 18 mm 
diameter center hole and consists of a small integrated 
circuit bonded to a thin ?exible polymer ?lm substrate on 
Which an aluminum foil antenna is patterned. The electronic 
circuits and antenna necessary for communication With 
usage register 36 are located Within instrument connector 22 
and comprise culf usage register interface 38 Which is shoWn 
in the cross sections in FIGS. 5B and 5C and in the block 
diagram in FIG. 6. Culf usage register interface 38 Within 
instrument connector 22 connects to instrument 14 via 
multi-conductor cable 28. The con?guration of the elec 
tronic circuits and antenna comprising usage register inter 
face 38 Within instrument connector 22 limits communica 



US 2007/0032819 A1 

tion With cu? usage register 36 to a distance of 
approximately 10 mm. This limited communication range, 
and the associated physical proximity and orientation of cu? 
usage register 36 to the end of cu? connector 24, helps 
assure that reliable and successful communication With cu? 
usage register 36 is limited to periods during Which a 
gas-tight pneumatic connection to cu? connector 24 is 
established. 

[0032] In the preferred embodiment, cu? usage register 36 
contains a detailed record of the usage of cu? 10 as Well as 
predetermined usage limits. The usage limits and usage 
record include: 

[0033] An In?ation Cycle Limit, de?ned to be a prede 
termined limit of the number of in?ation cycles Which 
cu? 10 may safely undergo. In the preferred embodi 
ment an in?ation cycle is the pressurization of cu? 10 
to a level above an In?ation Cycle Pressure Limit for a 
period of time greater than an In?ation Cycle Time 
Limit before de?ation to a pressure less than the 
In?ation Cycle Pressure Limit; 

[0034] An In?ation Cycle Pressure Limit, de?ned to be 
a predetermined pressure limit used to specify the 
in?ation cycle described above; 

[0035] An In?ation Cycle Time Limit, de?ned to be a 
predetermined time limit that is used to specify the 
in?ation cycle described above; 

[0036] A Maximum Pressure Limit, de?ned to be a 
predetermined value representing the maximum pres 
sure to Which cuff 10 may be safely pressurized; 

[0037] An In?ation Time Limit, de?ned to be a prede 
termined value representing the total duration of time 
during Which cu? 10 may be safely pressurized; 

[0038] An End of Usage Date, de?ned to be a prede 
termined value representing the calendar date after 
Which date cu? 10 may no longer be safely used; 

[0039] The Number of Cycles of In?ation, a value 
corresponding to the number of in?ation cycles that 
cu? 10 has undergone; 

[0040] The Maximum Pressure of In?ation, a value 
representing the maximum pressure to Which cu? 10 
has been pressurized; 

[0041] The Cumulative Time of In?ation, a value rep 
resenting the total amount of time that the cu? has been 
pressurized above a predetermined minimum pressure. 

[0042] Usage register 36 also contains a cu? identi?cation 
record that uniquely identi?es cu? 10 and indicates the 
physical characteristics of cu? 10. 

[0043] When instrument 14 is pneumatically connected to 
cu? 10, instrument 14 reads information from cu? usage 
register 36 and displays this information on cu? usage 
display 34. As described further beloW, instrument 14 also 
updates the information in usage register 36 based on the 
pressurization of cu? 10 While connected to instrument 14 
and inhibits further pressurization of cu? 10 if the usage 
limits contained Within cu? usage register 36 are exceeded. 

Cu? Materials and Construction 

[0044] As described beloW, cu? 10 is constructed of 
materials that are appropriate for a single use disposable cu? 
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manufactured for use inside a sterile surgical ?eld for a 
single surgical procedure. Alternatively, it Will be appreci 
ated that cu? 10 may be constructed of materials that are 
appropriate for a reusable cu?, Wherein the materials are 
selected to Withstand multiple cleanings and sterilizations 
betWeen surgical procedures by surgical sta? using agents, 
methods and processes recommended by the manufacturer 
of cu? 10. 

[0045] FIG. 2 is a top vieW of cu? 10 of the preferred 
embodiment laid ?at. Cuff 10 is similar in design and 
construction to the cu?s described by McEWen in US. Pat. 
Nos. 5,741,295, 5,649,954, 5,484,831 and by Robinette 
Lehman in US. Pat. No. 4,635,635. In the preferred embodi 
ment shoWn, cu? 10 is rectangular With a length su?icient to 
encircle an adult arm as shoWn in FIG. 1. Those skilled in 
the art Will appreciate that the sheath and usage register 
described in the preferred embodiment may also be incor 
porated in cu?s of various sizes and shapes, such as those 
described by McEWen in US. Pat. No. 5,649,954. It Will 
also be appreciated that a usage register may be integral to 
sterilizable reusable tourniquet cu?s manufactured for usage 
Within the sterile surgical ?eld in multiple surgical proce 
dures in conjunction With cleaning and sterilization by 
speci?ed sterilization processes betWeen successive proce 
dures; and to disposable tourniquet cu?s manufactured as 
sterile products suitable for usage Within the sterile surgical 
?eld in one surgical procedure and for disposal after the 
procedure. 

[0046] In addition to usage register 36 described above, 
cu? 10 shoWn in FIG. 2 includes sheath 20, cuff connector 
24, tie ribbon 40, loop material 42, hook material 44 and 
edge trim 46. 

[0047] In use, cu? 10 is Wrapped snugly around limb 12 
(see FIG. 1) and secured circumferentially around the limb 
When the user engages hook material 44 to loop material 42. 
Tie ribbon 40 is a soft fabric ribbon material (Grosgrain 5/8" 
Wide, Dynatex Textiles Inc., Toronto, Ontario, Canada) and 
alloWs the user to pull cu? 10 snug around the limb. When 
cu? 10 is in position and secured circumferentially around 
the limb, the user ties tie ribbon 40 as shoWn in FIG. 1 to 
help prevent the cu? from sliding proximally or distally on 
the limb When in?ated. Edge trim 46 is made of similar 
material to tie ribbon 40 and helps prevent cha?ng of the 
patient’s limb by the edges of cu? 10. 

[0048] Prior-art sterile disposable cu?s intended for use in 
a sterile surgical ?eld have long ports to permit connections 
to a tourniquet instrument to be made outside of the sterile 
?eld. These long ports have a number of disadvantages: they 
may interfere With the application of the cu? to the limb; 
they may inadvertently make contact outside of the sterile 
?eld during cu? application and may thus contaminate the 
cu? or surgical personnel; they add to the cost of cu? 
manufacture; they may increase pneumatic ?oW resistance 
affecting the accuracy of cu? pressure indication and regu 
lation; and may increase the likelihood of partial or complete 
occlusions of the pneumatic passageWay. Unlike prior-art 
cu?s With long ports, cu? 10 includes sheath 20 Which 
encloses cu? connector 24 and is stored in a compact form 
as a roll on the top surface of cu? 10. Sheath 20 overcomes 
the disadvantages of cu?s With long ports: the compactly 
rolled sheath 20 that is stored on the surface of cu? 10 prior 
to unrolling does not interfere With the application of cu? 10 
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to patient limb 12; the cost of sheath 20 is less than the cost 
of extended length ports; and When unrolled sheath 20 
permits a direct pneumatic connection to be made to sterile 
culf 10 by enclosing non-sterile instrument connector 22, a 
portion of non-sterile instrument tubing 26 and a portion of 
non-sterile cable 28. 

[0049] FIG. 3 is an exploded vieW of the layers and 
components that comprise culf 10. In the preferred embodi 
ment sheath 20 is a conduit formed from a 36-inch length of 
2 mil thick transparent polyethylene ?lm tubing. One end of 
the polyethylene ?lm tubing is closed by a heat sealing 
process. A circular opening having a diameter substantially 
equivalent to the diameter of culf connector 24 in the Wall 
of the tubing near the closed end alloWs culf connector 24 to 
protrude into the inside of sheath 20. A ?exible double-sided 
adhesive ring 48 is used to retain sheath 20 to the top surface 
of culf 10 around the opening for culf connector 24 such that 
culf connector 24 and a portion of culf port 50 are enclosed 
Within sheath 20, thereby forming an impervious barrier to 
micro-organisms. It Will be apparent that sheath 20 may be 
adapted to releasably attach to culf 10, by for example 
replacing adhesive ring 48 With a ring of elastic material 
bonded to sheath 20 to form a barrier around culf connector 
24 and to retain sheath 20 to culf 10. 

[0050] In FIG. 3 top layer 52 is shoWn With loop material 
42, hook material 44 and tie ribbon 40 attached. Top layer 
52 and bottom layer 54 are made of Woven nylon cloth 
coated With thermoplastic material (for example, 200 Denier 
nylon cloth coated on one surface With thermoplastic poly 
urethane 0.006" thick) on the surface facing middle layer 56. 
Middle layer 56 is made of thermoplastic sheet material (for 
example, 0.020" thick polyurethane). In FIG. 3 culf port 50 
is shoWn bonded to middle layer 56. Culf port 50 is molded 
from thermoplastic material and has a ?ange Which is 
bonded to middle layer 56 to form pneumatic passageWay 
extending into the in?atable portion of culf 10, in?atable 
bladder 58, shoWn in FIGS. 4, SA, SB and SC. The ?ange 
surface of culf port 50 is permanently joined to middle layer 
56 by a heat sealing process similar to that used to form 
bladder seal 60, described beloW. Culf connector 24 is also 
molded from thermoplastic material, and the physical shape 
and outer surface of culf connector 24 is adapted for 
connecting to instrument connector 22 to form a gas-tight 
pneumatic passageWay at the connection. Culf connector 24 
is permanently bonded to culf port 50. It Will be appreciated 
that culf port 50 and culf connector 24 may be molded 
together to form a single component for attachment to 
middle layer 56. 

[0051] Sti?‘ener 62 is made of plastic sheet having greater 
sti?‘ness than layers 52, 54, and 56 but ?exible enough to be 
Wrapped around the limb (for example 0.020 inch polyeth 
ylene sheet), and cut to a rectangular shape ?tting Within the 
perimeter of culf 10. 

[0052] Culf usage register 36 is adhesively bonded to 
sti?‘ener 62 concentric to the location Where culf port 50 
passes through sti?‘ener 62. This con?guration insures cor 
rect orientation and location for reliable communication 
With usage register interface 38 When instrument connector 
22 is mated with cuff connector 24. 

[0053] Top layer 52, middle layer 56, and bottom layer 54 
are joined around a continuous perimeter Within the perim 
eter of culf 10 at bladder seal 60, thereby forming in?atable 
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bladder 58 (shoWn in FIGS. 4, 5A, 5B and 5C) betWeen 
middle layer 56 and bottom layer 54 and enclosing thermo 
plastic sti?‘ener 62 and culf usage register 36 betWeen top 
layer 52 and middle layer 56. When secured circumferen 
tially around the limb as shoWn in FIG. 1, sti?‘ener 62 helps 
direct the expansion of in?atable bladder 58 radially inWards 
toWards the limb upon in?ation of the cuff to more uniformly 
distribute pressure onto limb 12. 

[0054] Bladder seal 60 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 52, 54, and 56, causing them to fuse 
together in the area of bladder seal 60. A similar joining 
process is used to bond culf port 50 to middle layer 56. 

[0055] FIG. 4 is a cross section 4 taken from FIG. 2, with 
cuff 10 applied to limb 12 (as shoWn in FIG. 1) with cuff 10 
shoWn in?ated. As described above, in?atable bladder 58 is 
shoWn betWeen middle layer 56 and bottom layer 54. The 
pneumatic passageWay formed by culf port 50 and culf 
connector 24 is also clearly shoWn in FIG. 4. 

[0056] Culf usage register 36 is shoWn positioned on 
sti?‘ener 62 such that culf port 50 passes through culf usage 
register 36 thereby ensuring culf usage register 36 maintains 
its position in proximity to culf connector 24. 

[0057] Culf 10 has an outer surface de?ned by the outer 
surfaces of top layer 52, bottom layer 54 and cuff connector 
24. Culf usage register 36 is enclosed Within the outer 
surface of culf 10 at predetermined position and orientation 
adapted to permit short range Wireless communication With 
usage register interface 38 When culf connector 22 is mated 
with cuff connector 24. Enclosing usage register 36 Within 
the outer surface of culf 10 provides protection for culf 
usage register 36 from damage that may occur during the use 
and cleaning of culf 10. Culf usage register 36 cannot be 
removed from culf 10 or tampered With, Without causing 
obvious physical damage to the outer surface of culf 10. 

[0058] It Will be apparent that other components could be 
selected to form culf register 36 and that culf register 36 
could be enclosed Within the outer surface of culf 10 by 
being embedded Within culf connector 24 such that culf 
register 36 retains the correct orientation and distance from 
the end of culf connector 24 to permit communication With 
usage register interface 38 When instrument connector 22 is 
mated With cuff connector 24 to establish a gas-tight pneu 
matic passageWay at the connection. It Will also be apparent 
that the length of culf port 50 may be increased and an 
appropriately adapted cuff connector 24 attached so as to 
permit communication with cuff usage register 36. 

[0059] FIG. 5A is a partial longitudinal cross-section 5 of 
culf 10 shoWn in FIG. 2. As shoWn in FIG. 5A sheath 20 
encloses culf connector 24 and is illustrated rolled up and 
stored on the top surface of culf 10. 

[0060] To enable a better understanding of the preferred 
embodiment and the pneumatic connection betWeen instru 
ment 14 and the in?atable portion of culf 10, FIGS. 5B and 
5C have been provided. FIGS. 5B and 5C are partial 
cross-sections (5) of cuff 10 in FIG. 2. FIGS. 5B and 5C are 
illustrated With sheath 20 deployed and containing instru 
ment connector 22 and a portion of instrument tubing 26 and 
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cable 28. Instrument connector 22, tubing 26 and cable 28 
are shown in cross-section in FIGS. 5B and SC. 

[0061] Referring ?rst to FIG. 5B instrument connector 22 
is shown ready to mate with cuff connector 24. The cross 
section of instrument connector 24 depicts usage register 
interface 38, the pneumatic passageway with instrument 
connector 22 and culf pressure transducer 64. Culf pressure 
transducer 64 communicates pneumatically with the pneu 
matic passageway within instrument connector 22 and 
thereby directly with in?atable bladder 58 when cuff con 
nector 24 is connected to instrument connector 22 to form a 
gas-tight pneumatic passageway at the connection. Culf 
pressure transducer 64 generates a culf pressure signal 
representative of the pressure within cuff 10 which is com 
municated to instrument 14 via multi-conductor cable 28. 

[0062] FIG. 5C shows instrument connector 22 mated 
with cuff connector 24 within sheath 20. The pneumatic 
passageway 66 formed at the connection between instrument 
connector 22 and culf connector 24 directly couples pressure 
transducer 64 to in?atable bladder 58, thus enabling pressure 
transducer 64 to directly and accurately indicate the pres sure 
of gas within in?atable bladder 58. As described below an 
accurate and direct indication of the pressure of gas within 
culf 10 is critical to the proper control of the pressure of gas 
within culf 10 by instrument 14. 

Instrument Hardware 

[0063] Referring to the block diagram of instrument 14 
shown in FIG. 6, controller 68 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. 

[0064] As shown in FIG. 6, pneumatic pump 70 is pneu 
matically connected to reservoir 72 by tubing 74. In 
response to control signals from controller 68, pump 70 
operates to pressurize reservoir 72. Reservoir pressure trans 
ducer 76 is pneumatically connected by tubing 78 to reser 
voir 72 and generates a reservoir pressure signal. The 
reservoir pressure signal is communicated to controller 68. 
Controller 68 acts to maintain the pressure in reservoir 72 
near a reservoir pressure level, typically 100 mmHg greater 
than the cuff reference pressure level. Controller 68 in 
response to the reservoir pressure level and the reservoir 
pressure signal activates pump 70 to maintain the level of the 
reservoir pressure signal near the reservoir pressure level. 

[0065] In?ation valve 80 (EVO-3-l2V, Clippard Instru 
ment Laboratory, Cincinnati, Ohio) is con?gured as a two 
position normally closed valve. One side of the valve is 
pneumatically connected via tubing 82 to reservoir 72 the 
other side of the valve is connected to in?atable bladder 58 
within culf 10 via the pneumatic passageway formed by 
manifold 84, tubing 26, instrument connector 22, culf con 
nector 24 and culf port 50. When energized by controller 68, 
in?ation valve 80 moves to the open position and allows 
pressurized gas to ?ow from reservoir 72 to culf 10, thereby 
increasing the pressure of gas in the in?atable bladder 58 of 
culf 10. 

[0066] De?ation valve 86 (EVO-3-l2V, Clippard Instru 
ment Laboratory, Cincinnati, Ohio) is con?gured as a two 
position normally closed valve. One side of the valve is 
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pneumatically connected to culf 10 via the pneumatic pas 
sageway formed by manifold 84, tubing 26, instrument 
connector 22, cuff connector 24 and culf port 50, the other 
side is open to atmosphere. When energized by controller 
68, de?ation valve 86 moves to the open position and allows 
pressurized gas to ?ow from culf 10 to atmosphere, thereby 
decreasing the pressure of gas in in?atable bladder 58 within 
culf 10. 

[0067] Manifold pressure transducer 88 is pneumatically 
connected to manifold 84 and generates a manifold pressure 
signal representative of the pressure within manifold 84 
which is communicated to controller 68. 

[0068] As shown in FIG. 6 culf pressure transducer 64 is 
located within instrument connector 22 as described above 
and communicates pneumatically with the gas passageway 
within instrument connector 22 and thereby directly with 
in?atable bladder 58 when culf connector 24 is connected to 
instrument connector 22 to form a gas-tight pneumatic 
passageway at the connection. Culf pressure transducer 64 
generates a culf pressure signal representative of the pres 
sure within culf 10 which is communicated to controller 68 
via multi-conductor cable 28. 

[0069] The direct pneumatic connection between in?at 
able bladder 58 of culf IO and culf pressure transducer 64 
provides for an accurate indication of the actual pressure of 
gas within culf 1O at any time. Pressure transducer 64 will 
continue to accurately indicate the pressure of gas within 
cuff 10 even if tubing 20 should become occluded during 
use. 

[0070] It will be apparent that transducer 64 could be 
located within culf 10 to be in direct communication with 
in?atable bladder 58 and coupled to controller 68 via the 
same or similar wireless interface employed between usage 
register interface 38 and culf usage register 36. 

[0071] As noted above, controller 68 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 30 and by producing audible tones. Speaker 
90 is connected to controller 68, and electrical signals 
having different frequencies to specify di?ferent alarm sig 
nals and conditions are produced by controller 68 and 
converted to audible sound by loud speaker 90. 

[0072] Physiologic interface 92 provides a means for 
controller 68 to interface with and receive information from 
physiologic sensors. Controller 68 may if desired, automati 
cally adjust the cuff pressure reference level in response 
information received from physiologic sensors via physi 
ologic sensor interface 92. For example, the cuff pressure 
reference level may be automatically adjusted by controller 
68 in response to a sensor for determining the minimum 
e?fective culf pressure within culf 10 required for occluding 
blood ?ow past culf 10. Also, controller 68 may automati 
cally adjust the cuff pressure reference level in response to 
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. 

Pres sure Regulation 

[0073] A user of instrument 14 may use keypad 32 to 
select a reference pressure level; this is the pressure of gas 
that instrument 14 will attempt to maintain in the in?atable 
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portion of cu? 10 When cuff 10 is in?ated. Controller 68 Will 
generate high or loW pressure alarm signals if the pressure 
in cu? 10 cannot be maintained near the selected reference 
pressure level. If the cu? pressure level exceeds the refer 
ence pressure level by 15 mmHg a high pressure alarm 
signal Will be generated by controller 68. If the cu? pressure 
level falls beloW the reference pressure level by 15 mmHg 
a loW pressure alarm signal Will be generated by controller 
68. 

[0074] When instrument connector 22 is mated With cu? 
connector 24 and controller 68 detects that the “in?ate” key 
on keypad 32 has been depressed by a user of instrument 14, 
controller 68 ?rst tests, as described further beloW, to ensure 
the usage limit for cu? 10 has not been exceeded. If the cu? 
usage limit has been exceeded the user is alerted by mes 
sages displayed on display panels 30 and 34 and by audio 
tones, and controller 68 does not proceed to in?ate cu? 10. 
If the usage limit for cu? 10 has not been exceeded, 
controller 68 operates to in?ate cu? 10 to a pressure near the 
selected reference pressure level and to then regulate the 
pressure in cu? 10 near the reference pressure level until 
such time that controller 68 detects that the “de?ate” key on 
keypad 32 has been depressed by a user of instrument 14. 
Controller 68 may also in?ate, adjust the reference pressure 
level, and de?ate cu? 10 automatically in response to signals 
from physiologic interface 92. 

[0075] To in?ate and regulate the pressure in cuff 10 
controller 68 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 68 
computes a pressure error signal. The pressure error signal 
corresponds to the di?ference betWeen the reference pres sure 
level and the cu? pressure level. 7 Controller 68 uses the 
pressure error signal as a term in a proportional integral 
control algorithm to calculate activation time intervals for 
in?ation valve 80 and de?ation valve 86. To increase the gas 
pressure in cu? 10 When the cu? pressure signal is beloW the 
reference pressure level, the activation time interval for 
de?ation valve 86 is set to Zero and the activation time 
interval for in?ation valve 80 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 cu? 10 
When the cu? pressure signal is above the reference pressure 
level, the activation time interval for in?ation valve 80 is set 
to Zero and the activation time interval for de?ation valve 86 
is proportional to the magnitude of the pressure error signal 
and the integral of the pressure error signal. Controller 68 
limits the maximum valve activation time intervals of valve 
80 and valve 86 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 in?ation valve 80 and de?ation valve 86 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. 

[0076] In order to correctly regulate the pressure of gas in 
cu? 10 at a pressure near the cu? pressure reverence level 
and correctly indicate over and under pressure alarm con 
ditions, controller 68 must have available an accurate indi 
cation of the pressure Within the in?atable portion of cu? 10. 
In the preferred embodiment the accurate measurement of 
the pressure of gas in cu? 10 is facilitated by cu? pressure 
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transducer 64 and the direct pneumatic connection betWeen 
the in?atable portion of cu? 10 and transducer 64. Unlike 
prior art tourniquets Which depend upon a ?exible pneu 
matic channel Which may become occluded betWeen the 
in?atable portion of the cu? and a pressure transducer 
located Within the body of an instrument, the connection 
betWeen the in?atable portion of cuff 10 and transducer 64 
is made Within the rigid pneumatic passageWay of instru 
ment connector 22 and cannot be occluded by external 
manipulation of instrument connector 22. 

[0077] While regulating the pressure Within cu? 10, con 
troller 68 compares the level of the manifold pressure signal 
With the level of the cu? pressure signal. If the level of the 
manifold pressure level di?fers substantially from the cu? 
pressure signal controller 68 acts to alert the user that an 
occlusion of tubing 26 or other fault condition may have 
occurred. 

Cu? Usage Register 

[0078] Referring again to the block diagram in FIG. 6, 
controller 68 communicates With cu? usage display 34 to 
display information obtained from cu? usage register 36 
Which is integral to cu? 10. 

[0079] To read and Write information to cu? usage register 
36 controller 68 sends commands and data to cu? usage 
register interface 38 located in instrument connector 22. 
Usage register interface 38 communicates With controller 68 
via multi-conductor cable 28. Usage register interface 38 
responds to commands from controller 68 to detect the 
presence of usage register 36, to read values from usage 
register 36, and to Write values to usage register 36. 

[0080] Controller 68 polls usage register interface 38 to 
detect the presence of usage register 36. When instrument 
connector 22 is mated With cu? connector 24 to establish a 
gas-tight pneumatic passageWay at the connection, thus 
alloWing usage register interface 38 to establish communi 
cation With cu? usage register 36, usage register interface 38 
communicates to controller 68 that usage register 36 has 
been detected and values may noW be read from and Written 
to usage register 36. When instrument connector 22 is not 
connected to cu? connector 24 and the presence of usage 
register 36 is not detected by controller 68, controller 68 acts 
to inhibit activation of the pressure regulator described 
above and to display a message on cuff usage display 34 to 
indicate that a pneumatic connection has not been estab 
lished to cu? 10. 

[0081] Cu? usage register 36 contains non-volatile elec 
trically alterable memory. Values representing amounts and 
limits of cu? usage may be both Written to and read from 
selected memory locations Within cu? usage register 36. 
Selected memory locations may also be con?gured as read 
only Which inhibits the further Writing and updating of 
values in these locations. Memory locations may be Written 
to and then con?gured as read only at the time cu? 10 is 
manufactured. 

[0082] Memory locations containing values representing 
usage limits are Written With predetermined values at the 
time cu? 10 is manufactured and then con?gured as read 
only locations to prevent any subsequent modi?cation of the 
limits. Usage limits are chosen at the time of manufacture to 
ensure continued safe operation of cu? 10 Within the con 
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?nes of the construction methods and physical materials 
used in the manufacture of culf 10. 

[0083] Memory locations containing values representing a 
record of culf usage are con?gured as read/Write so that they 
may be updated by controller 68 via usage register interface 
38 When culf 10 is pressurized. 

[0084] As de?ned above, in the preferred embodiment the 
usage limits stored in usage register 36 are as folloWs: 
In?ation Cycle Limit; In?ation Cycle Pressure Limit; In?a 
tion Cycle Time Limit; Maximum Pressure Limit; In?ation 
Time Limit; and End of Usage Date. Also, as de?ned above 
the usage record stored in usage register 36 includes the 
folloWing: Number of Cycles of In?ation; Maximum Pres 
sure of In?ation; and Cumulative Time of In?ation. 

[0085] Other memory locations are used to store values to 
uniquely identify culf 10 and to represent information 
regarding the physical characteristics of culf 10 such as: culf 
length, the cuff type, the cuff shape, and recommended culf 
pressures. For example, instrument 14 may be con?gured 
With tWo independent pressure regulators, associated pneu 
matics and usage register interfaces to permit it to indepen 
dently pressurize tWo culf bladders such as is required for a 
dual-bladder tourniquet culf used for Bier block anesthesia. 
Culf and bladder identi?cation information stored in the 
usage register for each culf bladder can be used by instru 
ment 14 to alert the operator that the cuff is correctly 
identi?ed, that the tWo sets of tubing and connectors from 
the tourniquet instrument are correctly connected to the 
matching proximal and distal bladders, and that the tourni 
quet pressure setting is appropriate for the identity and 
characteristics of the connected dual-bladder culf. 

[0086] In the preferred embodiment usage limits are estab 
lished and set at the time of culf manufacture and usage 
records are modi?ed only by tourniquet instrument 14. It 
Will be apparent that various security methods knoWn in the 
art could be used to prevent unauthorized modi?cation of the 
contents of usage register 36 by instruments other than 
tourniquet instrument 14. 

[0087] When instrument connector 22 is mated with cuff 
connector 24 and controller 68 con?rms that usage register 
36 has been detected and that values may be read from and 
Written to usage register 36, controller 68 reads and stores in 
its internal memory the usage limits and usage record from 
usage register 36, via usage register interface 38. Controller 
68 then displays these values on culf usage display 36. 

[0088] Controller 68 next compares the usage record to the 
usage limits as folloWs: The Number of Cycles of In?ation 
is compared With the In?ation Cycle Limit, if the Number of 
Cycles of In?ation is equal to or greater than the In?ation 
Cycle Limit a Warning message is displayed on culf usage 
display 34 and the in?ation of culf 10 is inhibited; the 
Maximum Pressure of In?ation is compared With the Maxi 
mum Pressure Limit, if the Maximum Pressure of In?ation 
is greater than the Maximum Pressure Limit a Warning 
message is displayed and the in?ation of culf 10 is inhibited; 
the Cumulative Time of In?ation is compared With the 
In?ation Time Limit, if the Cumulative Time of In?ation is 
greater than the In?ation Time Limit a Warning message is 
displayed and the in?ation of culf 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 culf usage display 34 and the 
in?ation of culf 10 is inhibited. 

[0089] In addition, controller 68 acts to limit the maxi 
mum culf reference pressure selectable by a user of instru 
ment 14 to the Maximum Pressure Limit for culf 10 
retrieved from culf usage register 36. This prevents an 
operator from selecting pressure levels that are potentially 
damaging to culf 10. 

[0090] If controller 68 does not detect that any usage limit 
for culf 10 has been exceeded, controller 68 proceeds, as 
described above, to pressurize culf 10 When a user of 
instrument 14 activates the “in?ate” key on keypad 32. 

[0091] In the preferred embodiment, controller 68 inhibits 
in?ation of culf 10 if the usage limit has been exceeded. It 
Will be apparent that controller 68 could be con?gured to 
alloW in?ation of culf 10 When a usage limit has been 
exceeded by requiring the operator to use keypad 32 to 
acknoWledge that the usage limit for cuff 10 has been 
exceeded before in?ating culf 10. 

[0092] To update the Number of Cycles of In?ation con 
troller 68 operates as folloWs. Controller 68 monitors the 
cuff pressure level as indicated by culf pressure transducer 
64. When the cuff pressure level exceeds the In?ation Cycle 
Pressure Limit retrieved from culf usage register 36, con 
troller 68 starts a timer, this timer continues to run While the 
cuff pressure level remains above the In?ation 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 In?ation Cycle Pressure Limit, 
controller 68 stops and resets this timer. When the time 
indicated by the timer exceeds the In?ation Cycle Time 
Limit, controller 68 increments the Number of Cycles of 
In?ation by l and Writes via usage register interface 38 the 
updated value to usage register 36. 

[0093] In the preferred embodiment the In?ation Cycle 
Pressure Limit and the In?ation Cycle Time Limit are used 
to de?ne What level and duration of pressurization of culf 10 
is considered to be an In?ation Cycle. These limits can be 
selected so as to permit the functional testing of culf 10 
using appropriate test methods by operating-room stalf 
betWeen successive usages, and the testing by biomedical 
engineering staff on a periodic basis, Without such testing 
affecting the available Number of Cycles of In?ation of the 
cuff. 

[0094] To update the Maximum Pressure of In?ation con 
troller 68 monitors the cuff pressure level as indicated by 
culf pressure transducer 64. If at any time the cuff pressure 
level exceeds the Maximum Pressure of In?ation, controller 
68 sets the Maximum Pressure of In?ation to the cuff 
pressure level and Writes via usage register interface 38 the 
updated value to usage register 36. This ensures that the 
usage record for culf 10 re?ects the peak pressure to Which 
culf 10 has been exposed. Controller 68 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. 

[0095] In the preferred embodiment the Cumulative Time 
of In?ation is measured in minutes. To update the Cumula 
tive Time of In?ation controller 68 increments the Cumu 
lative Time of In?ation and Writes the updated value to usage 
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register 36 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 In?ation 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 68 or recorded as a separate limit in culf usage 
register 36. 

Examples of Typical Use 

[0096] 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. 

[0097] In this ?rst example cuff 10 is a single use dispos 
able tourniquet culf Which is steriliZed by the manufacturer 
and supplied in a sterile state to the user. Culf 10 includes 
sheath 20 Which is permanently attached. Due to the mate 
rials and methods used in the manufacture of this culf the 
usage limits stored in culf usage register 36 are predeter 
mined by the manufacturer to be: In?ation Cycle Limit 1; 
In?ation Cycle Pressure Limit 50 mmHg; In?ation Cycle 
Time Limit 10 minutes; Maximum Pressure Limit 400 
mmHg; In?ation Time Limit 240 minutes. Culf 10 is 
selected for application to a patient for use during a surgical 
procedure, the area surrounding the operative site is cleaned 
and disinfected by surgical personnel and a sterile surgical 
?eld established. Cuff 10 is applied to the patient’s limb by 
personnel Working Within the sterile ?eld. To connect culf 10 
to instrument 14, sheath 20 is extended beyond the perimeter 
of the sterile surgical ?eld, instrument connector 22, tubing 
26 and cable 28 are fed into sheath 20 by personnel Working 
outside of the sterile ?eld. Personnel Working Within the 
sterile surgical ?eld manipulate instrument connector 22 
through sheath 20 to connect it to culf connector 24. 
Instrument 14 then reads and displays the usage limits above 
and the usage record of cuff 10. The usage record from culf 
10 shoWs the folloWing usage: Number of Cycles of In?a 
tion 0; Maximum Pressure of In?ation 0 mmHg, Cumulative 
Time of In?ation 0 minutes. Because culf 10 has not been 
previously used the usage record shoWs 0 values. 

[0098] The operator selects a culf reference pressure of 
250 mmHg. Because none of the usage limits have been 
exceeded, instrument 14 Will permit culf 10 to be pressur 
iZed When the user activates the “in?ate” key on keypad 32. 
Culf 10 is in?ated for a total of 80 minutes during the 
surgical procedure. At the end of the surgical procedure culf 
usage register 36 contains the folloWing record of culf usage: 
Number of Cycles of In?ation 1; Maximum Pressure of 
In?ation 250 mmHg, Cumulative Time of In?ation 80 
minutes. In this example the Number of Cycles of In?ation 
noW equals the In?ation Limit stored in usage register 36 in 
culf 10. If culf 10 is subsequently connected to instrument 
14, instrument 14 Will detect that the usage limit for this culf 
has been exceeded and alert the operator and inhibit pres 
suriZation of culf 10. This prevents culf 10 from being used 
beyond the usage limits set by the manufacturer for the safe 
and effective use of culf 10. 

[0099] Another example of the typical use of the preferred 
embodiment in surgical procedures is as folloWs. In this 
example, culf 10 is constructed of materials that are chosen 
to Withstand sterilization by steam autoclave and culf 10 is 
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autoclaved before being applied to the patient. The manu 
facturer has performed testing and determined usage limits 
for the cuff that Will permit culf 10 to be used safely and 
re-steriliZed under normal conditions. The usage limits 
stored in culf usage register 36 are: In?ation Cycle Limit 10; 
In?ation Cycle Pressure Limit 50 mmHg; In?ation Cycle 
Time Limit 10 minutes; Maximum Pressure Limit 500 
mmHg; In?ation Time Limit 1200 minutes. 

[0100] Culf 10 is selected for application to a patient for 
use during a surgical procedure, the area surrounding the 
operative site is cleaned and disinfected by surgical person 
nel and a sterile surgical ?eld established. Culf 10 is applied 
to the patient’s limb by personnel Working Within the sterile 
?eld. Sheath 20 is steriliZed by the manufacturer and sup 
plied in a sterile state to the user separate from culf 10. To 
connect culf 10 to instrument 14, sheath 20 is applied to culf 
10 such that it encloses culf connector 24, it is then extended 
beyond the perimeter of the sterile surgical ?eld, instrument 
connector 22, tubing 26 and cable 28 are fed into sheath 20 
by personnel Working outside of the sterile ?eld. Personnel 
Working Within the sterile surgical ?eld manipulate instru 
ment connector 22 through sheath 20 to connect it to culf 
connector 24. Instrument 14 then reads and displays the 
usage limits above and the usage record of culf 10. The 
usage record from culf 10 shoWs the folloWing usage: 
Number of Cycles of In?ation 7; Maximum Pressure of 
In?ation 300 mmHg, Cumulative Time of In?ation 600 
minutes. Because none of the usage limits have been 
exceeded, instrument 14 Will permit cuff 10 to be pressur 
iZed When the user activates the “in?ate” key on keypad 32. 
The operator next selects a culf reference pressure of 300 
mmHg. Culf 10 is in?ated for a total of 60 minutes during 
the surgical procedure. At the end of the surgical procedure 
culf usage register 36 contains the folloWing record of culf 
usage: Number of Cycles of In?ation 8; Maximum Pressure 
of In?ation 300 mmHg, Cumulative Time of In?ation 660 
minutes. Note that the Number of Cycles of In?ation has 
increased by l and Cumulative Time of In?ation has 
increased by 60 minutes. In this example, culf 10 has 2 
remaining in?ation cycles that it can be subjected to in 
subsequent surgical procedures before instrument 14 inhib 
its further pressurization of culf 10. 

[0101] 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. For example, it Will be appreciated by those 
skilled in the art that the cuff usage register may be adapted 
to include apparatus for directly measuring usage of the cuff 
during surgery, to include apparatus for Writing the mea 
sured usage into the cuff usage register, and to include any 
poWer source required for such measuring and Writing, so 
that the adapted culf usage register may operate Without 
interaction With the tourniquet instrument and While com 
pletely contained Within the cuff. It Will be also be appre 
ciated by those skilled in the art that the cuff usage register 
may be adapted so that the cuff usage record contained 
Within the cuff usage register may be read by apparatus other 
than a tourniquet instrument, or may be read by a tourniquet 
instrument When the pneumatic passageWay to the cuff is not 
established, to alloW the prior usage of the cuff to be 
determined for quality assurance purposes and for other 
useful purposes. 



US 2007/0032819 A1 

We claim: 
1. A tourniquet cu? apparatus comprising: 

a cu? having an in?atable portion having a length su?i 
cient to encircle a limb of a patient at a desired location; 

a cu? port communicating pneumatically With the in?at 
able portion; 

cu? connector communicating pneumatically With the 
cu? port and adapted for releasably connecting to a 
tourniquet instrument connector to establish a pneu 
matic passageWay betWeen the cu? connector and the 
instrument connector; and 

a cu? sheath forming a ?exible conduit sized to alloW an 
operator to connect the cu? connector to the tourniquet 
instrument connector Within the sheath conduit. 

2. The apparatus as described in claim 1 Wherein the cu? 
is formed of materials having physical properties that are 
substantially unchanged by exposure to a predetermined 
sterilization process, and Wherein one end of the sheath is 
attached to the cu? and the other end of the sheath is 
extendable aWay from the cu?. 

3. The apparatus as described in claim 1 Wherein the cu? 
is sterile and Wherein the tourniquet instrument connector is 
non-sterile. 

4. The apparatus as described in claim 1 including instru 
ment tubing connected With the tourniquet instrument con 
nector. 

5. The apparatus as described in claim 4 Wherein the 
sheath has a length su?icient to contain the cu? connector 
and the instrument connector and a portion of the instrument 
tubing When the cu? connector is connected to the tourni 
quet instrument connector. 

6. The apparatus as described in claim 4 Wherein the 
tourniquet instrument connector includes a cu? pressure 
transducer communicating pneumatically With the pneu 
matic passageWay near the connection of the cu? connector 
and the tourniquet instrument connector, and Wherein the 
cu? pressure transducer produces a cu? pressure signal 
indicative of the pressure in the pneumatic passageWay. 

7. The apparatus as described in claim 6 Wherein the cu? 
pressure transducer is electrically operable, Wherein an 
electrical conductor required for the operation of the cu? 
pressure transducer is connected betWeen the cu? pressure 
transducer and a tourniquet instrument, and Wherein the 
sheath is sized to contain a portion of the electrical conduc 
tor When the cuff connector is connected to the tourniquet 
instrument connector. 

8. The apparatus as described in claim 1 Wherein the cu? 
includes a cu? usage register containing a cu? usage record 
indicative of usage of the cu? and Wherein the tourniquet 
instrument connector includes a cuff usage register interface 
for reading the cu? usage record and for producing a signal 
indicative of the usage. 

9. The apparatus as described in claim 4 Wherein the cu? 
includes a cu? usage register containing a cu? identi?cation 
record that is uniquely indicative of the cu? among a 
plurality of cu?‘s; and a tourniquet instrument connected to 
the tourniquet instrument connector and adapted for reading 
the cu? identi?cation record to identify the cu? among the 
plurality of cu?s. 

10. A surgical tourniquet cu? system, comprising: 

a tourniquet cu? having an in?atable portion of su?icient 
length to encircle a limb at a desired location, Wherein 
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the cu? includes cu? connector communicating pneu 
matically With the in?atable portion and adapted for 
releasably connecting to a tourniquet instrument con 
nector to establish a pneumatic passageWay betWeen 
the cu? connector and the tourniquet instrument con 
nector; 

tourniquet instrument including the tourniquet instrument 
connector and further including tourniquet instrument 
tubing forming a ?exible pneumatic conduit attached to 
the tourniquet instrument connector, Wherein the tour 
niquet instrument supplies pressurized gas through the 
pneumatic passageWay established by the connection 
of the tourniquet instrument connector to the cu? 
connector to the in?atable portion of the cu?, and 
Wherein the tourniquet instrument connector includes a 
cu? pressure transducer for producing a cu? pressure 
signal indicative of the pressure of gas Within the gas 
passageWay near the connection. 

11. The apparatus as described in claim 10 and including 
a port having a predetermined length for connecting the 
in?atable portion to the cu? connector, Wherein the in?at 
able portion communicates pneumatically With the cu? 
connector through the port. 

12. The apparatus as described in claim 10 Wherein the 
cu? further includes a cu? usage register adapted for con 
taining a usage record indicative of a usage of the cu? and 
Wherein the tourniquet instrument connector further 
includes a cu? usage register interface adapted for reading 
the record When the pneumatic passageway is established 
and for producing an indication of the usage of the cu?. 

13. The apparatus as described in claim 10 Wherein the 
tourniquet instrument connector is non-sterile, Wherein the 
tourniquet cu? is sterile, and Wherein the tourniquet cu? 
further includes a cu? sheath forming a ?exible conduit 
containing the cu? connector and adapted to alloW the 
connection of the cu? connector to the tourniquet instrument 
connector Within the sheath. 

14. The apparatus as described in claim 13 Wherein the 
sheath is further adapted to contain the non-sterile instru 
ment connector When the cu? connector is connected to the 
instrument connector. 

15. A sterile sheath adapted for containing a cu? connec 
tor of a tourniquet cu?, the cu? connector communicating 
pneumatically With an in?atable portion of the cu?, Wherein 
the sheath containing the cu? connector is formed of a 
?exible material that is impervious to micro-organisms, and 
Wherein the sheath containing the cu? connector further 
forms a barrier to micro-organisms surrounding the port at 
a port location betWeen the connector and the in?atable 
portion of the cu?. 

16. The apparatus as described in claim 15 and including 
a sterile tourniquet cu? having the cu? connector that 
communicates pneumatically With the in?atable portion of 
the cu? through a port, Wherein sheath is further adapted for 
attachment by an operator to the cu? connector to contain 
the cu? connector Within the sheath and to form the barrier 
to micro-organisms surrounding the port at the port location. 

17. The apparatus as described in 16, Wherein the cu? is 
formed of materials having physical properties that are 
substantially unchanged by sterilization With autoclaving. 

18. The apparatus as described in claim 16 Wherein the 
cu? connector is adapted for releasably connecting to a 
tourniquet instrument connector and including tourniquet 
instrument having tourniquet instrument tubing forming a 
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?exible pneumatic conduit attached to the tourniquet instru 
ment connector, Wherein the tourniquet instrument supplies 
pressurized gas to the in?atable portion of the culT through 
the pneumatic passageway established at the connection 
betWeen the tourniquet instrument connector and the culT 
connector, and Wherein the tourniquet instrument connector 
includes a culT pressure transducer for producing a culT 
pressure signal indicative of the pressure of gas Within the 
gas passageWay near the connection. 

19. The apparatus as described in claim 18 Wherein the 
tourniquet culT includes a culT usage register containing a 
culT usage record indicative of a usage of the culT and 
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Wherein the tourniquet instrument includes means for read 
ing the usage record While the pneumatic passageWay is 
established and for producing an indication of the usage of 
the culT. 

20. The apparatus as described in claim 18 Wherein the 
sheath has a length and siZe suf?cient for containing the culT 
connector and the instrument connector and a portion of the 
instrument tubing attached to the instrument connector When 
the culT connector is connected to the instrument connector. 


