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Description

FIELD OF THE INVENTION

[0001] This invention pertains to pneumatic tourniquet
systems commonly used for stopping arterial blood flow
into a portion of a surgical patient’s limb to facilitate the
performance of a surgical procedure, and for facilitating
intravenous regional anesthesia. In particular, this inven-
tion pertains to a pneumatic tourniquet system that in-
cludes a tourniquet instrument and a tourniquet cuff hav-
ing an inflatable portion and two separate pneumatic
ports for establishing two separate pneumatic passage-
ways between the tourniquet instrument and the cuff.

BACKGROUND OF THE INVENTION

[0002] A typical surgical tourniquet system of the prior
art includes a tourniquet cuff for encircling a patient’s limb
at a desired location, a tourniquet instrument, and flexible
tubing connecting the cuff to the instrument. In some sur-
gical tourniquet systems of the prior art, the tourniquet
cuff includes an inflatable portion, and the inflatable por-
tion of the cuff is connected pneumatically through one
or two cuff ports by flexible plastic tubing to a tourniquet
instrument that includes a pressure regulator to maintain
the pressure in the inflatable portion of the cuff, when
applied to a patient’s limb at a desired location, at a pres-
sure above a minimum pressure required to stop arterial
blood flow past the cuff during a time period suitably long
for the performance of a surgical procedure. Many types
of such pneumatic surgical tourniquet systems have
been described in the prior art, such as those described
by McEwen in U.S. Patent No. 4,469,099, No. 4,479,494,
No. 5,439,477 and by McEwen and Jameson in U.S. Pat.
No. 5,556,415 and No. 5,855,589. Some additional rep-
resentative dual-port tourniquet cuffs of the prior art, suit-
able for use as elements of dual-port surgical tourniquet
systems, are described in U.S. Pats. No. 4,635,635, No.
5,454,831, No. 5,439, 477, No. 5,741,295 and No.
5,649,954.
[0003] To achieve better overall safety and perform-
ance, and in particular to achieve greater speed and ac-
curacy in controlling the pressure in the tourniquet cuff,
some advanced tourniquet systems include tourniquet
cuffs that have two separate pneumatic cuff ports, so that
two separate pneumatic passageways can be estab-
lished between the inflatable portion of the cuff and the
tourniquet instrument, by separately connecting flexible
plastic tubing between each port and the instrument.
Such systems are often called dual-port tourniquet sys-
tems. In one such dual-port tourniquet system of the prior
art, described in U.S. Pat. No. 4,469,099, the pneumatic
pressure regulation elements within the tourniquet instru-
ment communicate pneumatically with the inflatable por-
tion of the cuff through one port, and a pressure sensor
within the tourniquet instrument communicates pneumat-
ically with the inflatable portion of the cuff through the

second port. This configuration enables more accurate
sensing, monitoring and regulation of the actual pressure
in the inflatable portion of the cuff that encircles the pa-
tient’s limb, in comparison to single-port tourniquet sys-
tems.
[0004] In a typical single-port tourniquet system of the
prior art, the tourniquet cuff has only one port and only
one pneumatic passageway is established between the
tourniquet cuff and the instrument. The cuff pressure
must be sensed indirectly, through the same tubing and
port that is used to increase, decrease and regulate the
pressure in the cuff during surgery. As a result, in such
a single-port tourniquet system of the prior art, the accu-
racy and speed of pressure regulation, and the accuracy
of the sensed cuff pressure, are affected by the pneu-
matic flow resistance within the single port and within the
flexible plastic tubing that pneumatically connects the
port and cuff to the tourniquet instrument.
[0005] The increased accuracy possible with dual-port
surgical tourniquet systems of the prior art is important
for safety in surgery because of the well recognized im-
portance of regulating the actual pressure in the tourni-
quet cuff near the minimum pressure that will reliably stop
blood flow into the limb distal to the cuff during surgery:
Higher tourniquet pressures are associated in the med-
ical literature with higher risks of injury to the nerves and
soft tissue of the patient’s limb and other hazards, and
lower tourniquet pressures may allow the flow of arterial
blood past the cuff and into the limb and surgical field,
thus complicating the surgery, extending the duration of
surgery, and leading to congestion of the limb and other
hazards.
[0006] The increased accuracy of pressure regulation
that is possible with dual-port tourniquet systems facili-
tates increased accuracy in the determination of the min-
imum effective tourniquet pressure needed for a specific
patient and surgical procedure as described by McEwen
in U.S. Patent No. 5,439,477. The greater accuracy of
pressure regulation possible with dual-port tourniquet
systems also allows such systems to respond more rap-
idly, more accurately and more safely to changes asso-
ciated with movement of the patient’s limb and cuff during
surgery, and to changes associated with switching be-
tween cuffs for bilateral limb surgery, or for intravenous
regional anesthesia. Dual-port tourniquet systems also
facilitate rapid, accurate and safe adaptation to certain
physiologic changes of the patient during surgery, as de-
scribed for example in U.S. Patent No. 4,479,494, and
facilitate faster, more accurate and safer responses to
changes in effective venous pressure in the limb distal
to the cuff associated with the injection of anesthetic
agents for intravenous regional anesthesia, as described
for example in U.S. Patent No. 5,254,087.
[0007] One hazard associated with all pneumatic sur-
gical tourniquet systems is the possible occlusion, or
blockage, of the pneumatic passageway between tour-
niquet instrument and cuff, or within the cuff itself. In many
surgical procedures, the pressure regulator is located re-
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motely from the patient, necessitating the use of long and
flexible plastic tubing extending from the instrument and
around and between equipment and staff to the cuff ap-
plied to the patient. Also, the ports of sterile disposable
tourniquet cuffs are often long and soft and flexible, to
allow the ports to be easily positioned away from the ster-
ile surgical field, to minimize obstruction of the surgical
field, and to allow the connection of the sterile ports to
non-sterile tubing to be done outside of the surgical field.
As a result, it is possible that the tubing or the port may
become occluded for example by bending, kinking or
pinching.
[0008] Also, it is recognized in the prior art that occlu-
sions may occur within the inflatable portion of tourniquet
cuff itself, thereby preventing the tourniquet cuff from ef-
fectively and uniformly applying pressure to the limb as
intended. Some tourniquet cuffs of the prior art have spe-
cifically recognized and addressed this hazard in the de-
sign and manufacture of the inflatable portion of the cuffs
and their associated ports. In general, if any occlusions
occur in the tubing, cuff ports or inflatable portion of the
cuff and are not promptly detected and remedied, the
result may be hazardous for the patient.
[0009] The occlusion hazard is most apparent in cer-
tain single-port tourniquet systems of the prior art, in
which any occlusion of the single port or tubing between
the instrument and tourniquet cuff may prevent the tour-
niquet instrument from sensing and regulating the pres-
sure in the cuff. Thus the actual pressure in the cuff may
decrease substantially below the desired tourniquet
pressure to a level where the cuff is completely depres-
surized, or the actual pressure may increase substantial-
ly above the desired tourniquet pressure, without any in-
dication to the surgical staff and without any audio-visual
alarms being activated to alert the staff. In effect, the
monitoring and regulation of cuff pressure from the tour-
niquet instrument stops at the location of the occlusion.
Such low or high pressures in the tourniquet cuff may be
hazardous to the patient, for reasons indicated above.
[0010] Apparatus for detecting occlusions in both sin-
gle-port and dual-port surgical tourniquet systems has
been described in the prior art by McEwen and Jameson
in U.S. Patent No. 5,681,339 and Pat. No 5,935,146. The
apparatus and related method are based on an adapta-
tion of the principle of acoustic reflectometry for pneu-
matic tourniquets: A brief pneumatic pressure pulse is
periodically introduced from the tourniquet instrument in-
to the pneumatic tubing connected to the cuff, and the
instrument then analyzes reflections arising from pres-
sure pulse which occur when the pulse encounters a
change in the cross-sectional area of the pneumatic pas-
sageway as the pulse propagates along the passageway.
[0011] The apparatus and method of McEwen and
Jameson described in U.S. Patent No. 5,681,339 and
Pat. No 5,935,146 has been implemented in some com-
mercially available single-port tourniquet systems of the
prior art. However, there are a number of significant lim-
itations. First, for implementation, additional components

and higher resolution components must be included with-
in such single-port tourniquet instruments, resulting in
additional cost. Second, to be effective, the apparatus
and method of McEwen and Jameson requires that the
flexible plastic tubing between the tourniquet instrument
and the cuff port have a fixed tubing length and a constant
cross-sectional area, and requires that the cuff port con-
necting the tubing to the inflatable portion of the cuff also
have a similar cross-sectional area to the flexible tubing
that connects the instrument to the cuff port. Both of these
requirements limit the general utility of the apparatus and
method because in general it would be more useful to
allow occlusion detection in tubing and in cuff ports hav-
ing different lengths, diameters and cross-sectional are-
as. Another limitation of the apparatus and method of
McEwen and Jameson is that it cannot reliably detect
occlusions within the inflatable portion of a cuff, and it
would be desirable to have an occlusion detector that
could do so, because such occlusions within the cuff can
occur in practice. A related limitation is that the apparatus
and method may erroneously indicate occlusions if very
small cuffs such as pediatric tourniquet cuffs are used,
especially if such cuffs are wrapped tightly around a pa-
tient’s limb. In such cases, the effective inflation volume
of the cuff is very small, and as a result an occlusion at
the cuff may erroneously be indicated. Still another lim-
itation is that, to be effective, the apparatus and method
of McEwen and Jameson requires known and fixed spec-
ifications for any pneumatic valves inserted between the
tourniquet instrument and cuff. In practice this require-
ment can present a problem because additional pneu-
matic valves having unknown specifications may be in-
serted by surgical staff between the cuff and instrument
to facilitate bilateral limb surgery and intravenous region-
al anesthesia (Bier block anesthesia).
[0012] The apparatus and method described by McE-
wen and Jameson in U.S. Patent No. 5,681,339 and Pat.
No 5,935,146 have not been implemented in any com-
mercial dual-port tourniquet systems of the prior art, pri-
marily because of increased complexity and cost. The
additional cost of implementation in a dual-port system
would be approximately double the cost of implementa-
tion in a single-port system, because each tube and con-
nected port must be separately monitored for occlusions.
[0013] In the prior art, an apparatus specifically intend-
ed for detecting occlusions in some dual-port surgical
tourniquet systems has been described by Birmingham
and Manes in U.S. Pat. No. 4,520,819. The apparatus
employs a pair of pressure differential switches in the
instrument, connected anti-parallel between the pneu-
matic passageways connecting the instrument to the du-
al-port cuff, which activate an occlusion alarm when a
pressure differential develops across them. The under-
lying assumption is that a pneumatic occlusion will even-
tually result in a pressure differential that is sufficiently
large to be detected within the instrument. However, in-
herent limitations in such apparatus for detecting occlu-
sions have prevented it from being incorporated into com-
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mercial dual-port tourniquet systems of the prior art.
[0014] A basic limitation is that the apparatus of Bir-
mingham et al. cannot detect an occlusion that is not
associated with a pressure differential. Significantly, it
cannot detect a simultaneous kinking, pinching and
blockage of both tubes connecting dual-port cuffs to the
instrument, as can occur during surgery. In such a case,
there may be no pressure differential in the passageways
between the instrument and the kink or blockage, and
thus no alarm. In such a circumstance, the dual-port cuff
could be completely disconnected from the tubing without
an occlusion alarm being activated.
[0015] Another important limitation of the apparatus of
Birmingham et al. is that inherent flow resistance within
the flexible plastic tubing, ports and cuff may produce a
significant pressure differential during inflation or defla-
tion of the cuff, thus activating false occlusion alarms. A
related limitation is that, if an effort is made to avoid such
false alarms by raising the level of pressure differential
at which an occlusion alarm is activated, then the detec-
tion of an actual occlusion may be delayed or prevented,
leading to a hazardously high or low pressure in the tour-
niquet cuff applied to the patient. Yet another limitation
of the apparatus of Birmingham et al. is that it requires
the inclusion of additional electronic components and
pneumatic connections within the dual-port tourniquet in-
strument, increasing costs and introducing potential sec-
ondary hazards associated with malfunctions of such
components that may be difficult to detect.
[0016] There is a need for an improved occlusion de-
tector for dual-port surgical tourniquet systems that over-
comes the above-described problems and limitations of
occlusion detectors of the prior art. Ideally, an occlusion
detector would not require the addition of special com-
ponents, circuitry or pneumatic connections within a dual-
port tourniquet instrument, and thus would not increase
instrument costs and would not introduce secondary haz-
ards associated with potential malfunctions of such ad-
ditional components, circuitry and pneumatic connec-
tions. An occlusion detector should promptly and reliably
detect occlusions in the tubing, in the cuff ports, and with-
in the inflatable portion of the dual-port cuff itself, regard-
less of whether the cuff is sterile or reusable, regardless
of the size, shape, composition and length of the cuff
ports, and regardless of the type of cuff port connectors.
Also, an occlusion detector should reliably detect occlu-
sions within inflatable portions of dual-port tourniquet
cuffs that have a wide variety of shapes, compositions
and sizes, and thus a wide variety of inflatable cuff vol-
umes when applied to a limb.
[0017] An occlusion detector for dual-port tourniquet
systems should detect occlusions in only one tube or
connected port, and should also detect simultaneous oc-
clusions of both cuff ports or both connected tubes. To
be generally useful, an occlusion detector for dual-port
tourniquet systems should not require that the lengths,
sizes and shapes of tubing be known in advance for re-
liable operation, nor should it unduly limit the types of

pneumatic valves that may be inserted between cuff and
instrument to facilitate bilateral limb surgery and intrave-
nous regional anesthesia. The present invention ad-
dresses the need for an improved occlusion detector for
dual-port surgical tourniquet systems.
[0018] US5454831 discloses an overlapping occlusive
cuff for improved application of pressure to the limb, com-
prising: an inflatable bladder; a sheath for containing the
inflatable bladder wherein the sheath has a length suffi-
cient to encircle the limb and overlap on itself in a sub-
stantially circumferential direction around the limb;
sheath securing means for securing the overlapped
sheath around the limb; and stiffening means for super-
imposing over a region of the overlapped and secured
sheath to constrain the shape of the sheath beneath the
region when the bladder is inflated. The stiffening means
includes securing means for securing the overlapping
sheath in a substantially circumferential direction around
the limb independently of the sheath securing means
such that the sheath remains overlapped and secured in
a substantially circumferential direction if the sheath se-
curing means is not engaged or becomes ineffective
while the bladder is inflated.
[0019] GB2085198 discloses a pneumatic tourniquet
which includes an inflatable cuff, pressurizing means for
inflating the cuff, pressure relief means for deflating the
cuff, pressure sensing means for sensing the pressure
to which the cuff is inflated and pressure regulator means
for selectably activating the pressurizing means and the
pressure relief means to maintain the cuff pressure near
a selected pressure. Visual and audible alarm signals
are triggered if the cuff pressure exceeds selected upper
and lower limits, or if the cuff has remained pressurized
for, or in excess of a selected time period. A computer
may be used for the control system.
[0020] US5931853 discloses a configuration register
which is incorporated into an electrically powered tour-
niquet apparatus for enabling an operator to change the
values of parameters initially employed at the time of the
next use of the apparatus, such as the initial pressure
settings and elapsed time limits. These changed initial
values of parameters are stored in memory and remain
there despite inadvertent or intentional interruption of
electrical power to the apparatus. An event register pro-
vides capability for recording the occurrence of events
(cuff inflation, cuff deflation, etc.) and for relating the oc-
currence of the events to hazards and undesirable out-
comes such as nerve damage associated with tourniquet
usage. A safety circuit is included to detect and respond
safely to certain failures which are possible within the
tourniquet apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a pictorial representative of the preferred
embodiment in a surgical application.
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FIG.2 is a block diagram of the preferred embodi-
ment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0022] One aspect of the present invention provides
an occlusion detector for a dual-port surgical tourniquet
cuff, comprising a tourniquet cuff having an inflatable por-
tion and adapted for encircling a patient’s limb and being
pressurized to a reference pressure level sufficient to
stop arterial blood flow into the limb past the encircling
cuff to facilitate the performance of a surgical procedure,
wherein the inflatable portion communicates pneumati-
cally with a first cuff port and a second cuff port; and an
occlusion detector releasably connectable to the first cuff
port for introducing a pneumatic pressure pulse into the
first cuff port during an occlusion detection time period,
the occlusion detector configured to set the level of the
pressure pulse to a level that differs from the reference
pressure level by at least a predetermined difference
pressure for a period of time less than the occlusion de-
tection time period, the occlusion detector being releas-
ably connectable to the second cuff port for monitoring
the pressure at the second cuff port during the occlusion
detection time period, the occlusion detector produces
an occlusion alarm if a fluctuation of pressure at the sec-
ond cuff port is not detected within the occlusion detection
time period, and the occlusion detector further sets the
level of the pressure pulse introduced into the first cuff
port to a level that causes the fluctuation of pressure de-
tected in the second cuff port to be greater than a pre-
determined minimum pressure fluctuation level.
[0023] Preferably, the occlusion detector includes a
tourniquet pressure regulating means communicating
pneumatically with the first and second cuff ports for reg-
ulating the pressure in the tourniquet cuff near the refer-
ence pressure level, wherein the occlusion detector fur-
ther suspends the regulation of the pressure by the pres-
sure regulation means for the occlusion detection time
period.
[0024] Conveniently, the pressure pulse differs from
the reference pressure level by at least a predetermined
difference pressure for a period of time less than the oc-
clusion detection time period.
[0025] Advantageously, the inflatable portion commu-
nicates with the second cuff port independently of the
first cuff port, the detector further comprising a tourniquet
instrument that is releasably connectable to the first and
second cuff ports to establish first and second pneumatic
passageways between the tourniquet cuff and the tour-
niquet instrument, wherein the tourniquet instrument in-
cludes pressure sensing means communicating with the
first pneumatic passageway for producing an indication
of the pressure in the cuff over a time period suitably long
for the performance of a surgical procedure, pressure
regulation means communicating with the second pneu-
matic passageway for regulating the pressure in the cuff

near a reference pressure level.
[0026] Preferably, the occlusion detector further sus-
pends the operation of the pressure regulation means
during the occlusion detection time period.
[0027] Conveniently, the level of the pressure pulse is
set to a level greater than the reference pressure level.
[0028] Advantageously, the level of the pressure pulse
is set to a level less than the reference pressure level.
[0029] Another aspect of the present invention pro-
vides a method for detecting an occlusion in a dual-port
surgical tourniquet cuff comprising the steps of introduc-
ing a pneumatic pressure pulse into a first cuff port com-
municating pneumatically with an inflatable portion of a
tourniquet cuff during an occlusion detection time period,
setting the level of the pressure pulse to a level that differs
from the a reference pressure level for a period of time
less than the occlusion detection time period, monitoring
during the occlusion detection time period the pressure
at a second cuff port communicating pneumatically with
the inflatable portion of the tourniquet cuff independently
of the first cuff port, and producing an occlusion alarm if
a fluctuation of pressure within the second cuff port is not
detected within the occlusion detection time period, and
setting the level of the pneumatic pressure pulse intro-
duced into the first cuff port to a level that causes the
fluctuation of pressure detected in the second cuff port
to be greater than a predetermined minimum pressure
fluctuation level.
[0030] Preferably, the method of detection includes the
step of suspending any regulation of the pressure in the
inflatable portion of the tourniquet cuff by a tourniquet
instrument for the duration of the occlusion detection time
period.
[0031] The embodiment illustrated is not intended to
be exhaustive or limit the invention to the precise form
disclosed. It is chosen and described in order to explain
the principles of the invention and its application and
practical use, and thereby enable others skilled in the art
to utilize the invention.
[0032] FIG. 1 shows pressurizing cuff 2 applied to pa-
tient limb 4 and pneumatically connectable to instrument
6. The inflatable portion of pressurizing cuff 2 has two
separate pneumatic connections and is generally similar
in design and construction to the cuffs described by McE-
wen in U.S. Patent No. 5,741,295, No. 5,649,954, No.
5,484,831 and by Robinette-Lehman in U.S. Patent No,
4,635,635. Cuff 2 is adapted for use in a sterile surgical
field in an operating room environment by being formed
of materials that can withstand, and that can be sterilized
by, techniques normally used to sterilize medical devices
to a level of sterility that allows them to be safely used
within a sterile surgical field.
[0033] Cuff 2 is a dual-port cuff, and separate pneu-
matic passageways to the inflatable portion of cuff 2 are
provided by cuff port 8 and cuff port 10 so that each pas-
sageway is independent of the other. In FIG. 1, cuff port
8 and cuff port 10 are of sufficient length to allow pneu-
matic connections to cuff 2 to be made outside of a sterile

7 8 



EP 1 879 510 B1

6

5

10

15

20

25

30

35

40

45

50

55

surgical field. Cuff port 8 and 10 are fitted with male lock-
ing connectors 12 and 14 (DSM2202, Colder Products
Company, St. Paul, MN) respectively, and mate to form
releasable pneumatic connections with female locking
connectors 16 and 18 (PMC1704, Colder Products Com-
pany, St. Paul, MN). For clarity, the connectors illustrated
in FIG. 1 are shown disconnected. In the following de-
scription of the preferred embodiment the connectors are
mated and form part of the pneumatic passageways be-
tween instrument 6 and cuff 2. Pneumatic connections
from instrument 6 to cuff 2 are made by flexible plastic
tubing 20 and 22, which are fitted with female locking
connectors 16 and 18 respectively.
[0034] As can be seen in FIG. 1, instrument 6 has a
user interface consisting of graphic display panel 24, key-
pad 26, and visual alarm indicator 28. Display panel 24
is employed for the selective display of any of the follow-
ing alphanumeric information: actual cuff pressures as
measured by instrument 6; reference or "set" cuff pres-
sure levels; alarm reference "limits" or values; alphanu-
meric alarm messages describing detected alarm condi-
tions and other information required for the operation of
instrument 6.
[0035] Keypad 26 controls the operation of instrument
6. Keypad 26 has an "inflate" key to initiate the inflation
of cuff 2, a "deflate" key to initiate the deflation of cuff 2,
and other keys to permit the user of instrument 6 to adjust
the cuff pressure reference level and set inflation time
alarm limits.
[0036] Visual alarm indictor 28 is a bright red light emit-
ting diode (LED), which is activated by instrument 6 in
response to detected alarm conditions. Instrument 6 also
signals the presence of an alarm condition by generating
an audible tone to further alert the user to the presence
of an alarm condition and displays alarm text messages
describing the alarm condition on display panel 24. An
example of a detected alarm condition that requires the
user’s attention is an occlusion of tubing 20 or tubing 22.
Other alarm conditions that are indicated by the illumi-
nation of visual alarm indicator 28 are described further
below.
[0037] Referring to the block diagram of instrument 6
shown in FIG. 2, controller 30 comprises a microcontrol-
ler (MC68HC16Z1, Freescale Semiconductor, Austin,
TX) associated memory and control software, analog and
digital peripheral interface circuitry, and other necessary
support components.
[0038] As shown in FIG. 2, pneumatic pump 32 (KNF
Neuberger, Inc., Trenton, NJ) is pneumatically connect-
ed to reservoir 34 by tubing 36. In response to control
signals from controller 30, pump 32 operates to pressu-
rize reservoir 34. Reservoir pressure transducer 38 is
pneumatically connected by tubing 40 to reservoir 34 and
generates a reservoir pressure signal. The reservoir
pressure signal is communicated to controller 30. Con-
troller 30 acts to maintain the pressure in reservoir 34
near a reservoir pressure reference level. Controller 30
sets the reservoir pressure reference level to a pressure

above the cuff pressure reference level set by the user
of instrument 6; the reservoir reference pressure level is
set to a level significantly greater than the cuff pressure
reference level, typically 100 mmHg. Controller 30, in re-
sponse to the reservoir pressure reference level and the
reservoir pressure signal, activates pump 32 to maintain
the value of the reservoir pressure signal near the cuff
reservoir pressure reference level.
[0039] Inflation valve 42 (EVO-3-12V Clippard Instru-
ment Laboratory, Cincinnati, OH) is configured as a two
position normally closed valve. One side of the valve is
pneumatically connected via tubing 44 to reservoir 34
the other side of the valve is connected to cuff 2 via the
pneumatic passageway formed by manifold 46, tubing
20, connectors 16 and 12 and cuff port 8. When energized
by controller 30, inflation valve 42 moves to the open
position and allows pressurized gas to flow from reservoir
34 to cuff 2, thereby increasing the pressure of gas in the
inflatable portion of cuff 2.
[0040] Deflation valve 48 (EVO-3-12V Clippard Instru-
ment Laboratory, Cincinnati, OH) is configured as a two
position normally closed valve. One side of the valve is
pneumatically connected to cuff 2 via the pneumatic pas-
sageway formed by manifold 46, tubing 20, connectors
16 and 12 and cuff port 8, the other side is open to at-
mosphere. When energized by controller 30, deflation
valve 48 moves to the open position and allows pressu-
rized gas to flow from cuff 2 to atmosphere, thereby de-
creasing the pressure of gas in the inflatable portion of
cuff 2.
[0041] In the preferred embodiment the inflation and
deflation valves share a common pneumatic connection
with a port of cuff 2. It will be appreciated that other con-
figurations of the inflation and deflation valves may be
employed. For example, it may be desirable to have the
inflation valve communicate separately with one port of
cuff 2 and to have the deflation valve communicate sep-
arately with the other port of cuff 2. This possible config-
uration may be desirable if the inflatable portion of cuff 2
includes a pressure transducer that communicates wire-
lessly with instrument 6 to directly indicate the pressure
in cuff 2.
[0042] Cuff pressure transducer 50 is pneumatically
connected to cuff 2 via the pneumatic passageway
formed by tubing 52, tubing 22, connectors 18 and 14
and cuff port 10 and generates a cuff pressure signal
which is communicated to controller 30. The separate
independent pneumatic connection between the inflata-
ble portion of cuff 2 and transducer 50 provides for an
accurate indication of the pressure of gas within cuff 2.
Controller 30 is able to resolve changes in the cuff pres-
sure signal as small as 0.15 mmHg.
[0043] As noted above, controller 30 will, in response
to generated alarm signals, alert the user of an alarm
condition by activating visual alarm indicator 28 and pro-
ducing audible tones. Speaker 54 is connected to con-
troller 30, electrical signals having different frequencies
to specify different alarm signals and conditions are pro-
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duced by controller 30 and converted to audible sound
by loudspeaker 54.
[0044] Physiologic interface 56 provides a means for
controller 30 to interface with and receive information
from physiologic sensors. Controller 30 may, if desired,
automatically adjust the cuff pressure reference level in
response to information received from physiologic sen-
sors via physiologic sensor interface 56. For example,
the cuff pressure reference level may be automatically
adjusted by controller 30 in response to a sensor for de-
termining the minimum effective cuff pressure within cuff
2 required for occluding blood flow past cuff 2. Also, con-
troller 30 may automatically adjust the cuff pressure ref-
erence level in response to changes in venous pressure,
which may occur during intravenous regional anesthesia,
and in response to changes in other physiologic param-
eters such as blood pressure.
[0045] Power supply 58 connects to an external AC
supply and provides regulated DC power for the normal
operation of all electronic components of instrument 6.
Power supply 58 may also include a battery to enable
instrument 6 to continue to operate in the absence of an
external AC supply.
[0046] A user of instrument 6 may use keypad 26 to
select a cuff pressure reference level, this is the pressure
of gas that instrument 6 will attempt to maintain in the
inflatable portion of cuff 2 when cuff 2 is inflated. Con-
troller 30 will generate high or low-pressure alarm signals
if the pressure in cuff 2 cannot be maintained near the
selected cuff pressure reference level. If the value of the
cuff pressure signal exceeds the cuff pressure reference
pressure level by 15 mmHg a high-pressure alarm signal
will be generated by controller 30. If the value of the cuff
pressure signal falls below the cuff pressure reference
level by 15 mmHg a low-pressure alarm signal will be
generated by controller 30.
[0047] When controller 30 detects that the "inflate" key
on keypad 26 has been depressed by a user of instrument
6, controller 30 operates to inflate cuff 2 to a pressure
near the selected cuff pressure reference level and to
then regulate the pressure in cuff 2 near the value set by
cuff pressure reference level.
[0048] To inflate and regulate the pressure in cuff 2,
controller 30 includes a pressure regulator; the operation
of the control algorithm for the pressure regulator is de-
scribed below. At regular predetermined regulation inter-
vals of 40 ms, controller 30 computes the value of a pres-
sure error signal. The pressure error signal is the differ-
ence between the cuff pressure reference level and the
cuff pressure signal. Controller 30 uses the pressure er-
ror signal as a term in a proportional integral control al-
gorithm to calculate activation time intervals for inflation
valve 42 and deflation valve 48. To increase the gas pres-
sure in cuff 2 when the cuff pressure signal is below the
cuff pressure reference level, the activation time interval
for deflation valve 48 is set to zero and the activation time
interval for inflation valve 42 is proportional to the mag-
nitude of the pressure error signal and the integral of the

pressure error signal. To decrease the gas pressure in
cuff 2 when the cuff pressure signal is above the cuff
pressure reference level, the activation time interval for
inflation valve 42 is set to zero and the activation time
interval for deflation valve 48 is proportional to the mag-
nitude of the pressure error signal and the integral of the
pressure error signal. Controller 30 limits the maximum
valve activation time intervals of valve 42 and valve 48
to the regulation interval time (40 ms). It will be appreci-
ated by those skilled in the art that alternate pressure
regulation algorithms could be employed to control the
activation of inflation valve 42 and deflation valve 48 in
response to a cuff pressure signal and a cuff pressure
reference level, or that proportional valves could be used
instead of the valves used in the preferred embodiment.
[0049] In order to correctly regulate the pressure of gas
in cuff 2 at a pressure near the cuff pressure reverence
level and correctly indicate over and under pressure
alarm conditions, controller 30 must have available an
accurate indication of the pressure within the inflatable
portion of cuff 2. In the preferred embodiment the accu-
rate measurement of the pressure of gas in cuff 2 is fa-
cilitated by cuff pressure transducer 50 and the direct
pneumatic connection between the inflatable portion of
cuff 2 and transducer 50. The connection between the
inflatable portion of cuff 2 and transducer 50 is made by
tubing 52, flexible plastic tubing 22, connectors 18 and
14, and cuff port 10. In clinical use, tubing 22 or cuff port
10 may become inadvertently kinked and occluded in the
operating room environment.
[0050] When an occlusion of the pneumatic connection
between transducer 50 and cuff 2 occurs, the pressure
regulator will respond to the pressure of the gas trapped
in the tubing between the site of the occlusion and trans-
ducer 50 and will be no longer responsive to the actual
pressure of gas within the inflatable portion of cuff 2. If
the occlusion is not detected and the pressure regulator
permitted to continue to affect the cuff pressure, the pres-
sure regulator may over or under pressurize cuff 2 as the
value of the cuff pressure error signal, described above,
is no longer indicative of the pressure difference between
the actual cuff pressure and the cuff pressure reference
level as set by the user. Also, any change in the pressure
of gas within cuff 2 during the time that an occlusion in
tubing 22 or cuff port 10 persists will not be detected by
controller 30 and as a result over and under pressure
alarm conditions in the cuff will not be accurately signal-
ed.
[0051] To insure that the pressure regulator described
above responsive to the actual pressure level within cuff
2, controller 30 in the preferred embodiment includes an
occlusion detector. When an occlusion of the pneumatic
pathways between instrument 6 and cuff 2 is detected
the occlusion detector generates an occlusion alarm sig-
nal. Controller 30 in response to the occlusion alarm sig-
nal suspends the activation of inflation valve 42 and de-
flation valve 48 by the pressure regulator while the oc-
clusion alarm signal persist, this effectively prevents the
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pressure regulator from controlling the pressure of gas
in cuff 2 at a time when the cuff pressure signal may no
longer represent the actual pressure of gas in cuff 2. Con-
troller 30 also alerts the user of instrument 6 that an oc-
clusion exists between instrument 6 and cuff 2 by the
activation of visual alarm indicator 28, the generation of
audible tones and text messages shown on display panel
24, so that the user may take appropriate action to rem-
edy the occlusion.
[0052] The occlusion detector operates by periodically
transmitting a pneumatic pulse formed by the brief open-
ing of inflation valve 42. The pneumatic pulse propagates
through the pneumatic circuit formed by manifold 46; flex-
ible plastic tubing 20, connectors 16 and 12, cuff port 8,
the inflatable portion of cuff 2, cuff port 10, connectors
14 and 18, flexible plastic tubing 22 and tubing 52 to
transducer 50 where it is detected. If the transmitted
pneumatic pulse is not detected by transducer 50 an oc-
clusion or other discontinuity in the pneumatic circuit be-
tween inflation valve 42 and transducer 50 exists. In the
preferred embodiment the pneumatic pulse is generated
by the opening of inflation valve 42, it will be obvious that
a pneumatic pulse could also be formed by the opening
of deflation valve 48 or that separate additional compo-
nents could be used for pneumatic pulse generation and
detection.
[0053] In the preferred embodiment the occlusion de-
tector operates as described below. At regular predeter-
mined occlusion detection cycle time intervals of 12 sec-
onds, an occlusion detection cycle is commenced. During
an occlusion detection time period the occlusion detec-
tion cycle proceeds as follows: normal operation the pres-
sure regulator is suspended by temporarily inhibiting the
activations of inflation valve 42 and deflation valve 48 by
the pressure regulator; after an initial predetermined de-
lay period of 80 ms to allow the gas pressure in the pneu-
matic system to stabilize, a pneumatic pressure pulse is
introduced into the system by the brief activation of infla-
tion valve 42 for a pneumatic pulse interval time while
the cuff pressure signal is monitored by controller 30 for
a predetermined pulse detection time interval of 120 ms,
to detect the pressure fluctuations from the pressure
pulse generated by the opening of inflation valve 42; at
the end of the pulse detection time interval the occlusion
detection cycle completes and the normal operation the
pressure regulator is resumed. For clarity, the occlusion
detection time period is the total time during which pres-
sure regulation is suspended and is equal to the sum of
the pulse detection time interval which includes the pulse
interval time and the stabilization delay time.
[0054] When a patent pneumatic pathway exists be-
tween transducer 50 and inflation valve 42 the pneumatic
pressure pulse generated by the brief activation of infla-
tion valve 42 for the pneumatic pulse interval time is de-
tected by transducer 50 and controller 30. If the pneu-
matic pulse is not detected by transducer 50 and control-
ler 30 within the pulse detection time interval, controller
30 generates an occlusion alarm signal. As described

above the user of instrument 6 is alerted to the presence
of the occlusion alarm signal by the activation of visual
alarm indicator 28, the generation of audible tones by
speaker 54 and text messages shown on display panel
24. The activation of valves 42 and 48 by the regulation
algorithm are inhibited while the occlusion alarm signal
persists.
[0055] In the preferred embodiment, occlusion detec-
tion cycle time intervals of 12 seconds are employed. It
will be obvious that other values for the occlusion detec-
tion cycle time interval could be readily employed. The
time required to complete an occlusion detection cycle
is short (200 ms) and occlusion detection cycles have no
significant effect on the pressure regulator’s ability to ad-
equately control the pressure of gas with in cuff 2, there-
fore shorter occlusion detection cycle time intervals could
be selected. Alternatively a longer occlusion detection
cycle time intervals could be selected to conserve power.
[0056] In clinical use, many different sizes of cuff 2 may
be optionally used with instrument 6 to accommodate
different physical sizes of patients and patient limbs. The
inflatable portion of a cuff suitable for application to an
adult patient’s thigh will have many times the volume of
the inflatable portion of a cuff suitable for application to
pediatric patent limbs. The volume and compliance of
cuff 2 effects the degree to which the pneumatic pulse
generated for occlusion detection is attenuated as it prop-
agates through the pneumatic circuit described above.
[0057] The magnitude of the pneumatic pulse intro-
duced into the pneumatic circuit for occlusion detection
by the opening of inflation valve 42 is proportional to the
pneumatic pulse interval time. The longer the duration of
the pulse interval time, the longer the opening time of
inflation valve 42 and the greater the magnitude of the
pneumatic pulse introduced into the system.
[0058] In the preferred embodiment, it is desirable to
select a value for the pneumatic pulse interval time that
is optimally determined for the physical size, volume and
compliance of the specific cuff connected to instrument
6. The optimal value for the pneumatic pulse interval time
is the minimum valve opening time required to produce
a pneumatic pulse that is reliably detectable by pressure
transducer 50 and controller 30 and that the additional
volume of gas added to cuff 2 from the pressure pulse
has negligible effect (less than ImmHg) on the average
gas pressure in cuff 2.
[0059] A pneumatic pulse interval time that is of suffi-
cient time duration to produce a pneumatic pulse that is
detectable when a large volume cuff such as may be
applied to a patient’s thigh is connected to instrument 6
would produce too great a pressure variation in a small
cuff such as those used for pediatric patients.
[0060] When inflation of cuff 2 is initiated by a user of
instrument 6 depressing the "inflate" key on keypad 26,
controller 30 sets the pneumatic pulse interval time to an
initial predetermined value of 10 ms. It will be obvious to
those skilled in the art that the predetermined time interval
chosen for an initial pulse interval time is a function of
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the design of inflation valve 42, transducer 50 and con-
troller 30, and the characteristics of the pneumatic sys-
tem employed in the preferred embodiment and that dif-
ferent times may be chosen for alternate hardware con-
figurations.
[0061] Immediately after cuff inflation is completed and
the pressure in cuff 2 is near the cuff pressure reference
level set by the user, an optimal value for the pneumatic
pulse interval time is determined by controller 30. Deter-
mination of the optimal pneumatic pulse interval time pro-
ceeds as follows.
[0062] An occlusion detection cycle is initiated as de-
scribed above using the initial occlusion pulse interval
time value. If the pneumatic pulse detected by transducer
50 and controller 30 exceeds a predetermined minimum
pulse magnitude level, the occlusion pulse interval time
is set to the initial value for all subsequent occlusion de-
tection cycles. If the pneumatic pulse is not detected or
the detected pulse is below the predetermined pulse
magnitude level, the value of the pneumatic pulse interval
is increased by 2 ms and another occlusion detection
cycle is initiated.
[0063] This process repeats with the pneumatic pulse
interval time incrementing by 2 ms each cycle, until a
pneumatic pulse interval is found that produces a detect-
able pneumatic pulse with a magnitude greater than the
minimum pulse magnitude level or the occlusion pulse
interval time exceeds a predetermined maximum interval
time of 30 ms. When a pneumatic pulse interval time is
found that produces detectable pulses, the determination
of the optimal pneumatic pulse interval time is complete
and the current pneumatic interval time is used for all
subsequent occlusion detection cycles while cuff 2 re-
mains inflated. If during the optimal pneumatic pulse in-
terval determination process the predetermined maxi-
mum interval time of 30 ms exceeded controller 30 pro-
duces an occlusion alarm signal, and operates as de-
scribed above to alert the user and inhibit activation of
inflation valve 42 and deflation valve 48 by the regulation
algorithm.
[0064] To enable a better understanding of the inven-
tion its operation in clinical use is described below. An
operator of instrument 6 will select an appropriately sized
cuff 2 for application to patient limb 4 and secure cuff 2
around patient limb 4. Pneumatic passageways from in-
strument 6 to the inflatable portion of cuff 2 are completed
by mating connectors 16 and 12, and connectors 18 and
14.
[0065] Using keypad 28 and display panel 26 the op-
erator will then select a cuff pressure reference level for
the pressure of gas to be maintained in cuff 2 during the
surgical procedure when it is inflated. The inflation of cuff
2 to near the selected cuff pressure reference level will
be initiated by the operator depressing the "inflate" key
on keypad 28. When inflation of cuff 2 is complete as
indicated by the pressure of gas in cuff 2 being near the
selected cuff pressure reference level, the occlusion de-
tector will determine the optimum pneumatic pulse mag-

nitude to be used for occlusion detection.
[0066] The occlusion detector performs multiple occlu-
sion detection cycles as described above, while increas-
ing the pneumatic pulse amplitude, until the minimum
pulse amplitude for reliable pulse detection is deter-
mined. The pressure regulator will operate to maintain
the pressure of gas within cuff 2 near the selected cuff
pressure reference level. The cuff pressure reference
level may by adjusted and set to a new level at any time
by the operator of instrument 6 or by controller 30 in re-
sponse to changes in physiologic parameters monitored
via physiologic interface 56. The occlusion detector pe-
riodically checks the pneumatic circuit formed by the in-
flatable portion of cuff 2 its ports and pneumatic connec-
tions to instrument 6 for occlusion of the pneumatic cir-
cuit. If the pneumatic circuit becomes occluded, the oc-
clusion detector generates an alarm signal to alert the
operator that an occlusion exists and suspends the nor-
mal operation of the cuff pressure regulator while the
occlusion persists.
[0067] At the completion of the surgical procedure, the
operator will initiate the deflation of cuff 2 by activating
the deflate key on keypad 28. Cuff 2 may be disconnected
from instrument 6 by releasing connectors 16 and 12,
and releasing connectors 18 and 14. Cuff 2 may then be
removed from the patient.

Claims

1. An occlusion detector (6) for a dual-port surgical tour-
niquet cuff, comprising:

a tourniquet cuff (2) having an inflatable portion
and adapted for encircling a patient’s limb (4)
and being pressurized to a reference pressure
level sufficient to stop arterial blood flow into the
limb (4) past the encircling cuff (2) to facilitate
the performance of a surgical procedure, where-
in the inflatable portion communicates pneumat-
ically with a first cuff port (8) and a second cuff
port (10); and
an occlusion detector (6) releasably connecta-
ble to the first cuff port (8)for introducing a pneu-
matic pressure pulse into the first cuff port (8)
during an occlusion detection time period, the
occlusion detector (6) configured to set the level
of the pressure pulse to a level that differs from
the reference pressure level by at least a pre-
determined difference pressure for a period of
time less than the occlusion detection time pe-
riod, the occlusion detector (6) being releasably
connectable to the second cuff port (10) for mon-
itoring the pressure at the second cuff port (10)
during the occlusion detection time period,
the occlusion detector (6) produces an occlusion
alarm if a fluctuation of pressure at the second
cuff port (10) is not detected within the occlusion
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detection time period, and
the occlusion detector (6) further sets the level
of the pressure pulse introduced into the first
cuff port (8) to a level that causes the fluctuation
of pressure detected in the second cuff port (10)
to be greater than a predetermined minimum
pressure fluctuation level.

2. The apparatus as defined in claim 1 and including
tourniquet pressure regulating means (30) commu-
nicating pneumatically with the first and second cuff
ports (8, 10) for regulating the pressure in the tour-
niquet cuff (2) near the reference pressure level,
wherein the occlusion detector (6) further suspends
the regulation of the pressure by the pressure regu-
lation means for the occlusion detection time period.

3. The occlusion detector (6) of claim 1, wherein the
inflatable portion communicates with the second cuff
port (10) independently of the first cuff port (8), the
detector (6) further comprising:

a tourniquet instrument (6) that is releasably
connectable to the first and second cuff ports (8,
10) to establish first and second pneumatic pas-
sageways between the tourniquet cuff (2) and
the tourniquet instrument (6), wherein the tour-
niquet instrument (6) includes
pressure sensing means (38) communicating
with the first pneumatic passageway for produc-
ing an indication of the pressure in the cuff (2)
over a time period suitably long for the perform-
ance of a surgical procedure,
pressure regulation means (50) communicating
with the second pneumatic passageway for reg-
ulating the pressure in the cuff (2) near a refer-
ence pressure level.

4. The apparatus as defined in claim 3 wherein the oc-
clusion detector (6) further suspends the operation
of the pressure regulation means (50) during the oc-
clusion detection time period.

5. The apparatus as defined in claim 1 wherein the level
of the pressure pulse is set to a level greater than
the reference pressure level.

6. The apparatus as defined in claim 1 wherein the level
of the pressure pulse is set to a level less than the
reference pressure level.

7. A method for detecting an occlusion in a dual-port
surgical tourniquet cuff (2) comprising the steps of

introducing a pneumatic pressure pulse into a
first cuff port (8) communicating pneumatically
with an inflatable portion of a tourniquet cuff (2)
during an occlusion detection time period,

setting the level of the pressure pulse to a level
that differs from the a reference pressure level
for a period of time less than the occlusion de-
tection time period,
monitoring during the occlusion detection time
period the pressure at a second cuff port (10)
communicating pneumatically with the inflatable
portion of the tourniquet cuff (2) independently
of the first cuff port (8), and
producing an occlusion alarm if a fluctuation of
pressure within the second cuff port (10) is not
detected within the occlusion detection time pe-
riod, and
setting the level of the pneumatic pressure pulse
introduced into the first cuff port (8) to a level
that causes the fluctuation of pressure detected
in the second cuff port (10) to be greater than a
predetermined minimum pressure fluctuation
level.

8. The method of claim 7 and including the step of sus-
pending any regulation of the pressure in the inflat-
able portion of the tourniquet cuff (2) by a tourniquet
instrument (6) for the duration of the occlusion de-
tection time period.

Patentansprüche

1. Okklusionsdetektor (6) für eine chirurgische Tourni-
quet-Manschette mit zwei Öffnungen, umfassend:

eine Tourniquet-Manschette (2) mit einem auf-
blasbaren Abschnitt und angepasst, ein Körper-
glied (4) des Patienten zu umgeben und die auf
einen Referenzdruckpegel mit Druck beauf-
schlagt wird, der ausreicht, arteriellen Blutfluss
in das Körperglied (4) an der umgebenden Man-
schette (2) vorbei zu stoppen, um die Durchfüh-
rung eines chirurgischen Eingriffs zu ermögli-
chen, wobei der aufblasbare Abschnitt pneuma-
tisch mit einer ersten Manschettenöffnung (8)
und einer zweiten Manschettenöffnung (10)
kommuniziert; und
einen Okklusionsdetektor (6) der lösbar mit der
ersten Manschettenöffnung (8) verbindbar ist,
um einen pneumatischen Druckimpuls in die
erste Manschettenöffnung (8) während einer
Okklusionsdetektionszeitspanne einzuleiten,
wobei der Okklusionsdetektor (6) ausgelegt ist,
den Pegel des Druckimpulses auf einen Pegel
einzustellen, der vom Referenzdruckpegel um
mindestens einen vorgegebenen Differenz-
druck für eine Zeitspanne verschieden ist, die
geringer als die Okklusionsdetektionszeitspan-
ne ist, wobei der Okklusionsdetektor (6) lösbar
mit der zweiten Manschettenöffnung (10) ver-
bindbar ist, um den Druck an der zweiten Man-
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schettenöffnung (10) während der Okklusions-
detektionszeitspanne zu überwachen,
der Okklusionsdetektor (6) erzeugt einen Okklu-
sionsalarm, wenn eine Druckschwankung an
der zweiten Manschettenöffnung (10) nicht in-
nerhalb der Okklusionsdetektionszeitspanne
detektiert wird, und
der Okklusionsdetektor (6) stellt ferner den Pe-
gel des in die erste Manschettenöffnung (8) ein-
geleiteten Druckimpulses auf einen Pegel ein,
der bewirkt, dass die in der zweiten Manschet-
tenöffnung (10) detektierte Druckschwankung
größer als ein vorgegebener minimaler Druck-
schwankungspegel ist.

2. Vorrichtung wie in Anspruch 1 definiert und ein Tour-
niquet-Druckreguliermittel (30) einschließend, das
pneumatisch mit den ersten und zweiten Manschet-
tenöffnungen (8, 10) zum Regulieren des Drucks in
der Tourniquet-Manschette (2) nahe dem Referenz-
druckpegel kommuniziert, wobei der Okklusionsde-
tektor (6) ferner die Regulierung des Drucks durch
das Druckregulierungsmittel für die Okklusionsde-
tektionszeitspanne suspendiert.

3. Okklusionsdetektor (6) nach Anspruch 1, wobei der
aufblasbare Abschnitt mit der zweiten Manschette-
nöffnung (10) unabhängig von der ersten Manschet-
tenöffnung (8) kommuniziert, wobei der Detektor (6)
ferner umfasst:
ein Tourniquet-Instrument (6), das lösbar mit den
ersten und zweiten Manschettenöffnungen (8, 10)
verbindbar ist, um erste und zweite pneumatische
Durchgänge zwischen der Tourniquet-Manschette
(2) und dem Tourniquet-Instrument (6) herzustellen,
wobei das Tourniquet-Instrument (6) einschließt:

Drucksensormittel (38), die mit dem ersten
pneumatischen Durchgang kommunizieren, um
eine Anzeige des Drucks in der Manschette (2)
über eine Zeitspanne zu erzeugen, die für die
Durchführung eines chirurgischen Eingriffs ge-
eignet lang ist,
Druckregulierungsmittel (50), die mit dem zwei-
ten pneumatischen Durchgang kommunizieren,
um den Druck in der Manschette (2) nahe einem
Referenzdruckpegel zu regulieren.

4. Vorrichtung wie in Anspruch 3 definiert, wobei der
Okklusionsdetektor (6) ferner den Betrieb des
Druckregulierungsmittels (50) während der Okklusi-
onsdetektionszeitspanne suspendiert.

5. Vorrichtung wie in Anspruch 1 definiert, wobei der
Pegel des Druckimpulses auf einen Pegel größer als
der Referenzdruckpegel eingestellt ist.

6. Vorrichtung wie in Anspruch 1 definiert, wobei der

Pegel des Druckimpulses auf einen Pegel geringer
als der Referenzdruckpegel eingestellt ist.

7. Verfahren zum Detektieren einer Okklusion in einer
chirurgischen Tourniquet-Manschette (2) mit zwei
Öffnungen, das die Schritte der Einleitung eines
pneumatischen Druckimpulses in eine erste Man-
schettenöffnung (8), die pneumatisch mit einem auf-
blasbaren Abschnitt einer Tourniquet-Manschette
(2) während einer Okklusionsdetektionszeitspanne
kommuniziert,
Einstellen des Pegels des Druckimpulses auf einen
Pegel, der sich vom Referenzdruckpegel für eine
Zeitspanne unterscheidet, die geringer als die Ok-
klusionszeitspanne ist,
Überwachen während der Okklusionsdetektions-
zeitspanne des Drucks an einer zweiten Manschet-
tenöffnung (10), die pneumatisch mit dem aufblas-
baren Abschnitt der Tourniquet-Manschette (2) un-
abhängig von der ersten Manschettenöffnung (8)
kommuniziert, und
Erzeugen eines Okklusionsalarms, wenn eine
Druckschwankung innerhalb der zweiten Manschet-
tenöffnung (10) nicht innerhalb der Okklusionsde-
tektionszeitspanne detektiert wird, und
Einstellen des Pegels des in die erste Manschette-
nöffnung (8) eingeleiteten Druckimpulses auf einen
Pegel umfasst, der bewirkt, dass die in der zweiten
Manschettenöffnung (10) detektierte Druckschwan-
kung größer als ein vorgegebener minimaler Druck-
schwankungspegel ist.

8. Verfahren nach Anspruch 7 und den Schritt der Sus-
pendierung irgendeiner Regulierung des Drucks im
aufblasbaren Abschnitt der Tourniquet-Manschette
(2) durch ein Tourniquet-Instrument (6) für die Dauer
der Okklusionsdetektionszeitspanne einschließend.

Revendications

1. Détecteur d’occlusion (6) pour un manchon de garrot
chirurgical à double orifice, comprenant :

un manchon de garrot (2) comportant une partie
gonflable et conçu pour entourer un membre (4)
d’un patient et pressurisé à un niveau de pres-
sion de référence suffisant pour arrêter un flux
sanguin artériel dans le membre (4) après le
manchon de garrot (2) pour faciliter la réalisation
d’une procédure chirurgicale, la partie gonflable
communiquant par voie pneumatique avec un
premier orifice de manchon (8) et un second ori-
fice de manchon (10) ; et
un détecteur d’occlusion (6) pouvant être con-
necté amovible au premier orifice de manchon
(8) pour introduire une impulsion de pression
pneumatique dans le premier orifice de man-
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chon (8) pendant une période de temps de dé-
tection d’occlusion, le détecteur d’occlusion (6)
étant configuré pour régler le niveau de l’impul-
sion de pression à un niveau qui diffère du ni-
veau de pression de référence d’au moins une
différence de pression prédéterminée pendant
une période de temps inférieure à la période de
temps de détection d’occlusion, le détecteur
d’occlusion (6) pouvant être connecté amovible
au second orifice de manchon (10) pour sur-
veiller la pression au niveau du second orifice
de manchon (10) pendant la période de temps
de détection d’occlusion,
le détecteur d’occlusion (6) produisant une alar-
me d’occlusion si aucune fluctuation de pression
au niveau du second orifice de manchon (10)
n’est détectée pendant la période de temps de
détection d’occlusion, et
le détecteur d’occlusion (6) règle en outre le ni-
veau de l’impulsion de pression introduite dans
le premier orifice de manchon (8) à un niveau
qui amène la fluctuation de pression détectée
dans le second orifice de manchon (10) à être
supérieure à un niveau de fluctuation de pres-
sion minimum prédéterminé.

2. Appareil selon la revendication 1 et comprenant un
moyen de régulation de pression de garrot (30) com-
muniquant par voie pneumatique avec les premier
et second orifices de manchon (8, 10) pour réguler
la pression dans le manchon de garrot (2) à proximité
du niveau de pression de référence, le détecteur
d’occlusion (6) interrompant en outre la régulation
de la pression par le moyen de régulation de pression
pendant la période de temps de détection d’occlu-
sion.

3. Détecteur d’occlusion (6) selon la revendication 1,
dans lequel la partie gonflable communique avec le
second orifice de manchon (10) indépendamment
du premier orifice de manchon (8), le détecteur (6)
comprenant en outre :
un instrument de garrot (6) pouvant être connecté
amovible aux premier et second orifices de manchon
(8, 10) pour établir des premier et second passages
pneumatiques entre le manchon de garrot (2) et l’ins-
trument de garrot (6), l’instrument de garrot (6)
comprenant :

un moyen de détection de pression (38) com-
muniquant avec le premier passage pneumati-
que pour produire une indication de la pression
dans le manchon (2) pendant une période de
temps suffisamment longue pour la réalisation
d’une procédure chirurgicale ;
un moyen de régulation de pression (50) com-
muniquant avec le second passage pneumati-
que pour réguler la pression dans le manchon

(2) à proximité d’un niveau de pression de réfé-
rence.

4. Appareil selon la revendication 3, dans lequel le dé-
tecteur d’occlusion (6) interrompt en outre le fonc-
tionnement du moyen de régulation de pression (50)
pendant la période de temps de détection d’occlu-
sion.

5. Appareil selon la revendication 1, dans lequel le ni-
veau de l’impulsion de pression est réglé à un niveau
supérieur au niveau de pression de référence.

6. Appareil selon la revendication 1, dans lequel le ni-
veau de l’impulsion de pression est réglé à un niveau
inférieur au niveau de pression de référence.

7. Procédé de détection d’une occlusion dans un man-
chon de garrot chirurgical à double orifice (2), le pro-
cédé comprenant les étapes consistant à :

introduire une impulsion de pression pneumati-
que dans un premier orifice de manchon (8)
communiquant par voie pneumatique avec une
partie gonflable d’un manchon de garrot (2) pen-
dant une période de temps de détection
d’occlusion ;
régler le niveau de l’impulsion de pression à un
niveau qui diffère du niveau de pression de ré-
férence pendant une période de temps inférieu-
re à la période de temps de détection
d’occlusion ;
surveiller, pendant la période de temps de dé-
tection d’occlusion, la pression au niveau d’un
second orifice de manchon (10) communiquant
par voie pneumatique avec la partie gonflable
du manchon de garrot (2) indépendamment du
premier orifice de manchon (8) ; et
produire une alarme d’occlusion si aucune fluc-
tuation de pression au niveau du second orifice
de manchon (10) n’est détectée pendant la pé-
riode de temps de détection d’occlusion ; et
régler le niveau de l’impulsion de pression intro-
duite dans le premier orifice de manchon (8) à
un niveau qui amène la fluctuation de pression
détectée dans le second orifice de manchon (10)
à être supérieure à un niveau de fluctuation de
pression minimum prédéterminé.

8. Procédé selon la revendication 7 et comprenant
l’étape consistant à interrompre un quelconque ré-
glage de la pression dans la partie gonflable du man-
chon de garrot (2) par un instrument de garrot (6)
pendant la durée de la période de temps de détection
d’occlusion.
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