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EXTREMITY TOURNIQUET WITH LOCKING BUCKLE

TECHNICAL FIELD
[0001] The present application relates to tourniquets, and particularly to emergency
tourniquets intended for rapid application to a patient’s limb, such as a severely injured

leg or arm, to minimize or stop blood loss.

BACKGROUND ART

[0002] Most modern emergency tourniquets are applied by using the following three
similar steps:

(00031 1) Placement: A tourniquet in the form of a loop is placed in the correct
position around a wounded extremity, proximal to the injury sustained by an artery or
other blood vessel. The tourniquet can either be fitted as a pre-existing closed loop, or
a linear strap may be placed around the limb and then formed into a closed loop.
Converting from a linear strap to closed loop is most commonly achieved by routing the
strap through a buckle, or by the use of one of many other mechanisms including but
not limited to a quick-release buckle already in place on the strap, or a hook-and-bar
fastening arrangement.

[ooo4] 2) Gross Circumference adjustment: A strap encircling a limb is manually pulled
(usually through a buckle) to tighten the loop snugly around the extremity, removing all
slack and, preferably, beginning to constrict the affected limb.

(00051 3) Fine Circumference adjustment: A mechanism is used to further tighten the
loop to the point where blood flow is restricted or occluded. This mechanism is most
commonly in the form of a Spanish windlass, as in the CAT and SOFT-T tourniquets
shown in U.S. Patent Nos. 7,842,067 or 7,892,253 or may be one of many other
mechanisms including but not limited to a ratchet as shown in U.S. Patent No.
7,947,061, a string-and-pulley system, or a pneumatic system.

[0oo6] Three common shortfalls of previously known emergency tourniquets are:
(00071 1) Too much slack remains in the loop after Gross Circumference adjustment,

leading to ineffectiveness of the Fine Circumference adjustment mechanism. This can
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result in slower application times, increased initial blood loss, or complete
ineffectiveness.

[0008] 2) The securement devices associated with the Gross Circumference adjustment
mechanism may accidently loosen, fail, or be released after control of a hemorrhage is
achieved, resulting in resumed or continued bleeding. This may be exacerbated by the
fact that the Fine Circumference adjustment places an increasing force on the Gross
Circumferential fastener, making the securement device more prone to failure.

(00091 3) The user is confused as to whether two tourniquets are necessary. Currently
large thighs often require two tourniquets. However, the user does not know whether
a first tourniquet has too much slack in it or whether it is functioning as intended. As a
result, the user is not sure whether to remove and reapply the first one or put on a
second.

roo10] It is desired, then, to provide an emergency tourniquet including a buckle
mechanism that can be used to engage a strap forming a loop around a limb of a
patient, to achieve Gross Circumference adjustment and maintain tension in the loop of
the tournament encircling a patient’s limb, and in which the buckle can remain engaged
with the strap so that tension is retained in the loop of the tourniquet surrounding the
patient’s limb while the Fine Circumferential adjustment is performed.

roo11] It is thus desired to provide a tourniquet including a buckle mechanism that can
be used to establish a baseline tension in a loop and maintain that desired amount of

tension in the tourniquet until the tourniquet can be tightened further on a patient.

SUMMARY OF THE INVENTION

[0012] An emergency extremity tourniquet and a method of applying it disclosed herein
utilize an elongate flexible strap to encircle an injured limb, forming a loop, and a
tension-measuring and setting, or force-regulating, buckle that receives the strap and
engages the strap securely once a predetermined amount of tension is applied to the
buckle by the strap. Thereafter, while the strap extends through the buckle, an outer
portion of the strap, extending outward from the buckle, is engaged with the part

encircling the limb, holding the tourniquet in place around the affected limb of the
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patient with a certain amount of baseline tension in the strap loop. The fine adjustment
of the tourniquet can then be accomplished without risk of losing tension in the strap
during the fine adjustment.

[0013] The tourniquet disclosed herein thus includes a tension-measuring and setting
buckle which engages a strap to form a loop once sufficient tension has been achieved
in the strap. The buckle maintains a required baseline tension in a loop of the strap
encircling a patient’s limb. The buckle can maintain tension in the loop encircling a
patient’s limb, even if tension is not continuously maintained in the outer portion of the
strap extending away from the buckle and which has had to be pulled through the
buckle to place the loop into tension.

00141 In one embodiment of the emergency tourniquet the tension-measuring and
setting buckle consists of at least two components, a frame and a sliding block, or
slider. Both the frame and the slider may be molded of suitably strong synthetic
plastics resins. In such a buckle the slider is mounted movably within an opening
defined by the frame, so that it can be moved toward an end of the buckle. In one
embodiment of the buckle the slider's motion is resisted by a pair of springs that
ordinarily keep the slider in a position obscuring the outer ends of a pair of pins or
prongs so that a strap can slide along the slider within the opening defined by the
frame of the buckle while tension is being developed in the loop.

(00151 Once a predetermined amount of tension has been developed in the loop
increasing the tension in the strap causes the slider to move to a position with respect
to the frame exposing the tips of the pins or prongs, and the pins or prongs can enter
into corresponding holes provided in the strap. This sets a baseline level of tension in
the loop, retaining the baseline amount of tension in the loop that was required to
move the slider to the position in which the pins are exposed.

00161 In one embodiment of the emergency extremity tourniquet disclosed herein, a
tension-measuring and setting buckle includes a latch to retain the slider in a position
with respect to the frame of the buckle in which the pins are exposed and can engage
the strap, once a predetermined amount of tension has been developed in the strap. In

such a buckle, upon movement of the slider to a particular position relative to the frame
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of the buckle, a latch mechanism engages portions of the slider and the frame with one
another and thereafter prevents the slider from moving with respect to the frame and
again obscuring the pins or prongs, even if tension in the strap is relieved to the extent
that tension in the strap would no longer hold the slider in its moved position with
respect to the frame.

(00171 A latch release tab is provided on the slider in a protected location, so that the
latch mechanism can readily be released to disengage the slider from the frame and the
slider can return to its original position in which it obscures the prongs and allows a
strap to slide through the buckle. The tourniquet can thus readily be released when
appropriate, but because the release tab is in a protected location inadvertent release is
avoided.

00181 In one embodiment of the emergency extremity tourniquet disclosed herein an
outer end of the strap may be extended through and engaged with the tension-
measuring and setting buckle before the tourniquet is applied to a limb, and the
tension-measuring and setting buckle may be connected quickly with the inner end of
the strap by a quick-release fastening device such as a side release buckle.

00191 In one embodiment of the emergency extremity tourniquet disclosed herein fine
adjustment of the circumference of the tourniquet is accomplished by a Spanish
windlass acting on the strap.

(00201 In one embodiment of the emergency extremity tourniquet disclosed herein to
accomplish fine adjustment a tensioning ratchet is arranged to act between two spaced-
apart points on the strap so as to reduce the circumference of the tourniquet.

00211 In one embodiment of the emergency extremity tourniquet disclosed herein a
ratchet-equipped winding device may be used to tighten a string in a pulley-like
arrangement providing a mechanical advantage to reduce the circumference of the
tourniquet.

(00221 In one embodiment of the emergency extremity tourniquet disclosed herein an
inflatable bladder may be used to increase radially inwardly-directed pressure on a limb

on which the tourniquet has been applied.
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[0023] According to the method disclosed herein, an elongate member such as a strap
is placed around a limb, engaged with a tension-measuring and setting buckle to form a
loop, and pulled through the buckle and tightened until the buckle senses a
predetermined level of tension at which the buckle engages and immobilizes the strap
or other elongate member, and an outer end part of the strap extending out beyond
the buckle is fastened to the part extending around the limb. Thereafter, with the strap
held stationary with respect to the tension-measuring and setting buckle, Fine
Circumferential adjustment is used to tighten the tourniquet further until the tourniquet
effectively stops blood flow in the limb being treated.

[0024] Application of an extremity tourniquet according to the disclosure herein can
provide assurance of proper constriction of a large limb such as a patient’s thigh, as
application of the tourniquet involves first the step of fastening an elongate member of
the tourniquet around the affected limb with a predetermined amount of tension, as
regulated by a tension-measuring and setting buckle. The tension in the tourniquet is
then increased by the use of a fine adjustment mechanism, and the user can determine
with confidence whether a second tourniquet should be applied, as the force-controlled
buckle provides assurance that a first tourniquet has been applied in a manner that
assures proper function of the first tourniquet.

[0025] The foregoing and other objectives and features of the invention will be more
readily understood upon consideration of the following detailed description of

embodiments of the invention taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is an isometric view of an extremity tourniquet attached to a person’s
thigh that is shown in broken line.

[0027] FIG. 2 is an isometric view of the tourniquet shown in FIG. 1, with the
tourniquet extended in a straight and flat configuration, showing the main strap of the
tourniquet foreshortened, to depict other components of the tourniquet with improved

clarity at an enlarged scale.
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[0028] FIG. 3 is an isometric view of the tourniquet shown in FIGS. 1 and 2, showing
the tourniquet in the configuration in which it is used on a patient.

[0029] FIG. 4 is a sectional view taken along line 4-4 in FIG. 2, but showing the
condition of the secondary tightening mechanism prior to final tightening of the
tourniquet.

[0030] FIG. 5 is a sectional view similar to FIG. 4, taken along line 5-5 in FIG. 3,
showing the manner in which the tourniquet is retained in a final tightened condition.
[oo31] FIG. 6 is an isometric view of a tension-measuring and setting buckle such as
that incorporated in the tourniquet illustrated in FIGS. 1-5.

[0032] FIG. 7A is a sectional view taken along line 7-7 in FIG. 6 showing the buckle in
the condition in which it is illustrated in FIG. 6.

[0o33] FIG. 7B is a view similar to FIG. 7A, but showing the condition of the buckle
when the strap portion of the tourniquet is under tension, as with the tourniquet in use
as shown in FIG. 1.

[0034] FIG. 8 is a sectional view taken along 8-8 in FIG. 6, showing the construction of
a first version of the buckle incorporating a pair of helical springs.

[oo3s] FIG. 9 is a sectional view similar to FIG. 8, but showing a slightly different
version of the buckle incorporating an additional spring.

roo36] FIG. 10 is a sectional detail view of an end portion of one of the strap-retaining
pins of the buckle.

(00371 FIG. 11 is a view similar to that of FIG. 10 showing an end portion of a strap-
retaining pin having a somewhat different configuration.

[0038] FIG. 12 is a view similar to a portion of FIG. 3, showing another version of the
emergency extremity tourniquet disclosed herein, in which the force-regulating,
tension-measuring and setting buckle is attached to the strap in a different manner.
[0039] FIG. 13 is a view similar to a portion of FIG. 3, showing another version of the
emergency extremity tourniquet disclosed herein, in which fine adjustment is
accomplished by use of a ratchet device.

[oo40] FIG. 14 is an isometric view of the emergency extremity tourniquet shown in

FIG. 13, with the tourniquet extended and in a flat configuration and the strap
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foreshortened so as to depict other components with greater clarity and at an enlarged
scale.

[oo41] FIG. 15 is a detail view of the ratchet mechanism shown as part of the
tourniquet illustrated in FIGS. 13 and 14.

[oo42] FIG. 16 is a view similar to a portion of FIG. 3, showing another version of the
emergency extremity tourniquet disclosed herein, in which fine adjustment is
accomplished by use of a string-and-pulley device.

(00431 FIG. 17 is a detail view showing the fine adjustment device shown in FIG. 16 at
an enlarged scale.

[0044] FIG. 18 is a view similar to a portion of FIG. 3, showing another version of the
emergency extremity tourniquet disclosed herein, in which fine adjustment may be
accomplished by the use of an inflatable bladder associated with the strap portion of
the tourniquet.

[00451 FIG. 19 is a sectional view taken in the direction of line 19-19 in FIG. 18.
(00461 FIG. 20 is an isometric view of a buckle that is yet another embodiment of an
aspect of the invention disclosed herein.

(00471 FIG. 21 is a sectional view of the buckle shown in FIG. 20, taken along line 21—
21, showing the buckle latched in a strap-engaging condition, as when it has been
subjected to an amount of tension sufficient to cause the strap-retaining pins of the
buckle to engage a hole defined in the strap that is part of the tourniquet shown in
FIGS. 1-3.

[oo48] FIG. 22 is a view similar to FIG. 21, but showing the buckle in a relaxed state,
as before tension has been applied to the buckle by the strap portion of a tourniquet
such as the one shown in FIGS. 1-3.

(00491 FIG. 23 is a sectional view of the buckle shown in FIG. 20, taken along line 23—
23 of FIG. 20, with the buckle in the strap-engaging, latched state in which it is shown
in FIGS. 20 and 21.

[oos0] FIG. 24 is a sectional view taken along line 24-24 of FIG. 20, showing the

buckle in the unlatched, relaxed state in which it is shown in FIG. 22.
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[oos1] FIG. 25 is an isometric view of a portion of an emergency extremity tourniquet
incorporating a latching buckle and otherwise generally similar to the tourniquet shown
in FIGS. 1-3, taken from an upper, or outer, side of the tourniquet.

[0052] FIG. 26 is an isometric view of the portion of an extremity tourniquet shown in
FIG. 25, taken from a lower, or inner, side of the tourniquet.

[0os3] FIG. 27 is a top plan view of the buckle included in the portion of in extremity
tourniquet shown in FIGS. 25 and 26, showing the buckle in the unlatched condition
depicted in FIGS. 25 and 26, in which the strap portion of the tourniquet is free to slide
through the buckle.

(00541 FIG. 28 is a top plan view of the buckle shown in FIG. 27, shown with the
buckle in a latched condition and with the strap of the extremity tourniquet engaged
with the buckle.

[ooss] FIG. 29 is a sectional view taken along line 29-29 of FIG. 27.

[0os61 FIG. 30 is a sectional view taken along line 30—-30 of FIG. 28.

(00571 FIG. 31 is an exploded isometric view of the buckle shown in FIGS. 25-30.
[oos8] FIG. 32 is an isometric view of the buckle shown in FIGS. 25-31, showing the
buckle in a latched condition and engaged with a portion of the strap of the extremity

tourniquet.

MODES FOR CLAIMING OUT THE INVENTION

[0059] Referring to the drawings that form a part of the disclosure herein, a tourniquet
20 which is a first embodiment of the emergency extremity tourniquet disclosed herein
is shown in FIGS. 1-9. In FIG. 1, the tourniquet 20 is shown in place on a patient’s
thigh T. As shown somewhat more clearly in FIGS. 2 and 3, the tourniquet 20 includes
an elongate strap 22 having a first, or outer, end 24 and a buckle 26 permanently
attached to its opposite, second, or inner end 28 as by a loop 29 of the strap fitted
around a part of the buckle 26. A backing plate 30, of a suitably strong plastic resin or
of sheet metal, for example, may be provided, and the strap 22 may be threaded
through a pair of slots 32, provided at the ends of the backing plate 30, as shown in
FIGS. 4 and 5.
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[0060] As used herein, the term “permanently attached” means that removal and
reattachment are not easily accomplished by a user and cannot be accomplished readily
without the use of equipment similar to that needed for initial manufacture of the
tourniquet 20.

[0061] The ribbon-like member 50 also extends through an aperture such as a slot 56
defined by and extending through a mid-length part of a rod-shaped winding member
58 located adjacent the backing plate 30 as shown best in FIGS. 4 and 5 where a
portion of the ribbon-like member 50 is depicted with exaggerated length for the sake
of clarity. Preferably, the length of the ribbon-like member 50 is similar to that of the
outer layers 42 and 44, so that the ribbon-like member 50 ordinarily lies closely
alongside the layer 42 of the strap 22. The layer 44 of the strap 22 may be interrupted
near an end of the backing plate 30 to expose the ribbon-like member 50 between the
pairs of slots 32 in the backing plate member 30. The winding member 58 can be
utilized as a Spanish windlass to twist and wind the ribbon-like member 50 and thus
effectively shorten the ribbon-like member 50, at least between the buckle 26 and the
loop 29, to tighten the tourniquet 20 further after a baseline amount of tension has
been established by engagement of the pins 40 of the buckle in a pair of holes 34. A
retainer 60 may be attached to or may be formed as an integral part of an end 62 of
the backing plate 30. The retainer 60 is oriented transversely with respect to the strap
22, with an open space 64 between opposite ends of the retainer 60, and each end is in
the form of a C-shaped hook 68 large enough to receive and hold one of the opposite
ends 66 of the winding member 58.

[0062]1 The buckle 26 is a tension-measuring and setting buckle that cooperates with
the strap 22 by engaging the pins 40 in a respective pair of the holes 34 spaced apart
from each other along the length of the strap 22 when a predetermined amount of
tension in the strap 22 is applied to the buckle 26. As shown in FIGS. 6 through 11, the
buckle 26 may include two main parts, a rigid frame 70, and a sliding block 72. The
inner end portion 28 of the strap 22 is secured to bar 54 at an inner end of the frame
70 by the small loop 29 of the fabric of the strap 22, including the ribbon-like member
50. The outer end portion 75 of the strap 22 may extend through the opening defined
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by the frame 70, as shown best in FIGS. 4 and 5, sliding along a convexly curved
contact surface or strap contact face 76 of the sliding block 72. A pair of holes 78 are
defined in the sliding block 72, and the pins 40 extend from the bars of the frame 70
into the holes 78, with the ends of the pins 40 preferably below or flush with the strap
contact face 76 when the buckle 26 is not in tension.

[0063] Both the frame 70 and the sliding block 72 may be molded or otherwise formed
of suitably strong synthetic plastics resins. As shown in FIGS. 1-9, the rigid frame 70
includes a transversely extending bar 54 at an inner or attachment end of the buckle,
which can be engaged by the small loop 29 of the strap at the inner end 28 of the strap
22. The sliding block or slider 72 is movable relative to the buckle frame 70 in a
longitudinal direction as indicated by the arrow 74. The frame 70 defines an opening or
passageway wide enough to receive the strap 22, which extends through the opening
when the emergency tourniquet 20 is in use. When there is little tension involved the
strap 22 can slide easily along the convexly curved face 76 of the slider 72 as the strap
22 is pulled to tighten the emergency tourniquet 20 about a person’s limb.

[0064] The tourniquet is applied to a person’s injured limb by first placing the strap 22
around the limb proximal to a hemorrhage-causing or bleeding injury. The outer end 24
of the strap is then threaded outward through the opening of the buckle 26. The outer
end 24 is doubled back around the curved face 76 and pulled through the opening
defined by the frame 70 of the buckle 26 so as to reduce the size of a main loop of the
strap 22 extending around the limb until the tension in the main loop is sufficient to
move the sliding block 72 to the right, as indicated by the arrow 74 and as seen in
FIGS. 2 and 3, toward the position shown in FIG. 7A, relative to the frame 70 of the
buckle 26. Substantial tension must be applied to the buckle 26 to urge the sliding
block 72 to move relative to the buckle frame 70. As the strap 22 is moved further
along the convex contact face 76 of the sliding block 72, the a pair of holes 34 in the
strap 22 will move into alignment with the retaining pins 40 in the sliding block 72.
With the strap 22 in sufficient tension against the curved face 76, once a pair of holes
34 in the strap 22 move into alignment with the holes 78 in the sliding block 72 the

tension in the strap 22 moves the sliding block 72 so that the pins 40 protrude from the

—10-
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holes 78 and into the holes 34. As the pins 40 extend into a pair of holes 34, they
engage the strap 22, and prevent it from moving relative to the buckle 26, apart from
any differences in size between the pins 40 and the holes 34. The holes 34 in the strap
22 may have a slightly larger diameter than the largest transverse dimension of each of
the pins 40, so that engagement of the pins 40 in the holes 34 occurs easily and
smoothly at the desired tension in the strap 22.

[0065] The user then can secure the outer end portion 24 of the strap by pressing the
outwardly extending pulled part 75 of the strap 22 located near the buckle 26 against
the exterior of the main loop so that the fastener surfaces on the layer 44 of the strap
22 engage one another, or so that such other fastening material or devices that are
provided are activated, to prevent the part 75 of the strap extending outward beyond
the buckle 26 from moving relative to the portion of the strap 22 forming the main loop
around the injured limb, and to retain the strap 22 at the desired location with respect
to the sliding block 72 with the pins 40 engaged in holes 34.

[0066] Thus, in the gross circumference adjustment phase of applying the emergency
terminal tourniquet 20, holes 34 in the strap 22 are engaged, and holes in the ribbon-
like member 50, if present, may be engaged by the prongs, or pins, 40 of the buckle
26, once a predetermined baseline level of tension is reached in the strap 22, pushing
the sliding block 72 against the force of the springs 84. It will be appreciated that a
closer longitudinal spacing distance 36 between holes 34 should provide greater
accuracy of the baseline tension.

(00671 FIGS. 4 and 5 show a spring 84 positioned around one of the pins 40. An
identical spring 84 may be used on the other pin 40, as shown in FIG. 8, or there may
be three springs 84, as shown in FIG. 9, if desired to assure a needed amount of
tension in the tourniquet 20. Suitable seats 86 for the springs 84 may be provided on
the base of the frame 70 and the interior of the sliding block 72. The springs 84 are
compressed somewhat when the sliding block 72 is in its fully extended position shown
in FIGS. 4, 6, and 7A, to set a baseline tension that must be applied to the buckle 26 by
tension in the strap 22 before the sliding block 72 begins to move relative to the buckle

frame 70. Substantial tension must be applied to the buckle 26 when the tourniquet 20

—11 -
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is in use, urging the sliding block 72 to move in opposition to the springs 84 before the
sliding block 72 begins to move relative to the buckle frame 70. The internal springs 84
are compressed further as the sliding block 72 moves to the right as seen in FIG. 4,
toward the position shown in FIGS. 5 and 7B, when there is sufficient tension in the
strap 22.

[0068] Flanges 92 extend along opposite sides of the base 88 of the buckle frame 70
and are engaged by inwardly projecting retaining lips 94 on the two sides of the sliding
block 72 when the buckle 26 is not in tension and the sliding block 72 is in the fully
extended position as shown in FIGS. 4 and 6. The flanges 92 and retaining lips 94 thus
carry and sustain the compressive force of the springs 84, keeping them compressed
when there is no tension applied to the buckle 26. The opposite sides of the sliding
block 72 can be sprung apart from each other as the slider is placed into position within
the opening defined by the frame 70, with the lips 94 passing over the flanges 92 to
reach the position shown in FIG. 7A.

(00691 When the buckle 26 is in sufficient tension, the sliding block 72 moves toward
the position shown in FIG. 7B from the position shown in FIG. 7A, and the retaining lips
94 ride up and over the tops of the ramps 96 beneath the flanges 92. Movement of the
sliding block 72 may then create an audible click, as the sliding block 72 moves relative
to the frame 70 and the pins 40 extend through the sliding block 72 and into the holes
34, indicating to the user that the buckle 26 is engaged with the strap 22. Thereafter
the inwardly directed elastic force in the sides of the sliding block 72 presses the lips 94
against the ramps 96 and may help somewhat to keep the sliding block 72 in its
depressed position, with the pins 40 engaged in the holes 34. A slightly lower amount
of tension in the main loop of the tourniquet 20 between the pins 40 and the loop 29 is
then sufficient to keep the sliding block 72 in the rightwardly depressed position, once
the pins 40 have become engaged in the holes 34 as shown in FIGS. 3 and 5.

[00zo] Thus, when the proper initial amount of tension as determined by the springs
84 in the buckle 26 has been reached in the main loop portion of the emergency
terminal tourniquet 20 wrapped around an injured limb of a patient, the pins 40 of the

buckle 26 will engage the strap 22, and so long as tension in the main loop portion of
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the strap 22 extending from the bar 54 of the buckle 26 and around the limb is not
more than slightly reduced, the pins 40 will remain engaged in the holes 34.

[oo7z1] Referring to FIGS. 10 and 11, the pins 40 of the buckle 26 may have outer tips
shaped as shown in FIGS. 7A and 7B, with a shallow groove 80 extending around each
pin near its tip, as shown in FIG. 10. Alternatively, as shown in FIG. 11, a shallow
groove 82 may extend partially around the tip of a pin 40’ on only the side against
which a hole 34 would pull when the strap 22 is under tension. The groove 82 thus
would be on the upper side of a pin 40’ oriented as illustrated in FIG. 3 wherein the
main loop of strap 22 of the tourniquet is pulling in a primarily downward direction as
illustrated in FIG. 3.

[0072] The mated fastener material on the layer 44 will hold the strap 22 engaged with
the buckle 26 at the location where the pins 40 of the buckle 26 are engaged in a pair
of holes 34 along the strap 22. Accordingly, engagement of the fastener material
maintains sufficient tension in the outer, or pulled, free portion 75 of the strap 22 to
keep the pins 40 of the buckle 26 engaged in a pair of holes 40 in the strap 22, to
maintain a consistent predetermined initial application, or baseline, amount of tension,
in the tourniquet 20. The baseline tension in the main loop of the strap 22 around a
patient’s limb may acceptably be in the range of about 6 pounds to about 33 pounds. A
baseline tension of about 18 pounds has been found to be satisfactory, in that it allows
tension to be increased sufficiently without exceeding the range of adjustment
available. As shown in FIGS. 1 and 3, the effective circumference of the emergency
terminal tourniquet is thus maintained at an initial size providing compression of an
injured limb, as a reliable basis with a known baseline tension for additional Fine
Circumferential tightening of the emergency extremity tourniquet 20 to achieve
termination of hemorrhaging.

(00731 With the emergency extremity tourniquet 20 in place on a patient’s injured limb
with the strap 22 engaged with the buckle 26 so as to provide the predetermined
baseline amount of tension, further tightening or fine circumferential adjustment of the
tourniquet 20 can be provided by utilizing an included fine adjustment mechanism. As

shown in FIGS. 1 through 5, a winding member 58 can be used as a Spanish windlass
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to tighten the ribbon-like member 50. Turning the winding member 58 as shown in
FIGS. 3 and 5 shortens the portion of the ribbon-like member 50 between the layers 42
and 44 of the strap 22, at least between the pins 40 and the bar 54 of the buckle 26,
further tightening the tourniquet 20 around the injured limb, while leaving the outer
layers 42 and 44 of the strap 22 in place, albeit with reduced tension. Once bleeding
from an open wound or other evidence of hemorrhage in a distal portion of the
patient’s limb has been terminated, one of the end portions 66 of the winding member
58 can be engaged in one of the hooks 68 of the retainer 60 to prevent unwinding of
the ribbon-like member 50 and maintain the increased tension in the tourniquet 20.
[0074] A retainer strap 98 can then be applied to surround the retainer 60. The
retainer strap 98 can held in place by a suitable fastener such as a pressure-sensitive
adhesive, hook-and-loop fastener material, snaps, or another device. Preferably, the
retainer strap 98 has an outer surface that can readily receive and legibly retain
information written with a normally available writing instrument, so that the time of
application of the tourniquet 20, for example, can be recorded for the use of medical
personnel at a later time as when the tourniquet 20 has been applied during triage.
(00751 Consistent baseline tension as provided by tightening the strap 22 until the
buckle 26 operates as described above means less Fine Circumference adjustment is
needed, and that the amount of such fine adjustment may be more consistent than
when the needed initial tension in a tourniquet is simply estimated by the user. Fewer
Spanish windlass turns results in faster tourniquet application, and less variation user to
user and patient to patient. A more consistent required number of windlass turns
results in easier user training and more intuitive use of a tourniquet capable of
providing such a predetermined amount of baseline tension.

(00761 When the tourniquet 20 is first applied under baseline tension and the free
portion 75 of the strap 22 is secured, the prongs or pins 40 may or may not later retract
(as when the tension diminishes slightly through tissue or textile relaxation). As the
Spanish windlass is tightened, the prongs or pins 40 protrude again and positively

engage the holes 34. The tourniquet 20 cannot be removed thereafter without
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unwinding the Spanish windlass. In other words, as the Fine Circumference adjustment
force is increased, the risk of the tourniquet loosening or becoming detached decreases.
[00771 As shown in FIG. 12, a force-regulating buckle 100, similar to the buckle 26,
may be attached to the second, or inner, end 28 of the strap 22 so as to be separated
easily from it. As a benefit of this possibility, the outer end 24 and adjacent part 75 of
the strap 22 can be threaded through the buckle 100, with the parts of the strap 22
held together and immobilized with respect to each other by the fastening material on
the outer layer 44, and thus kept ready for quick initial application. For example, the
female part of a side release buckle 102 may be attached to the inner end 28 of the
strap by a sewn loop 29, and the force-regulating buckle 100 can be connected to or
disconnected from the inner end 28 of the strap by operation of the side release buckle
102. Initial application of the tourniquet 20 to a patient may then be accomplished
simply by fastening the side release buckle, resulting in the outer end free portion 75 of
the strap being immediately available to tighten the main loop of the tourniquet 20
around the patient’s limb until the force-regulating buckle 100 detects sufficient
baseline tension present in the loop and engages its pins 40 into the holes 34 in the
strap 22. Instead of a side release buckle, other easily connected arrangements, such
as a hook and a loop, may be used to attach the buckle to the inner end 28 of the strap
22.

(00781 The beneficial effects of using the force-regulating buckle 26 or 100 can also be
obtained in the emergency extremity tourniquet 20 using other mechanisms for Fine
Circumference adjustment, as shown in FIGS. 13 through 19.

(00791 In particular, in a tourniquet 220 shown in FIGS. 13-15 a ratcheting assembly
108 may include an elongated, toothed ratchet tongue 110 having an inner end 112
attached to the inner end 28 of the strap 22, a short distance from the loop 29 by
which the buckle 26 or a side release buckle 102 is attached. The ratchet tongue 110
extends along the strap 22 to an outer end 114 of the ratchet tongue, and an array of
ratchet teeth 116 are provided along the ratchet tongue 110. Aligned with the outer
end 114 of the ratchet tongue and fastened securely to the strap 22 is a mounting base

118 carrying a lever-operated ratchet mechanism 120. A body 122 of the lever-
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operated ratchet mechanism defines a passageway through which the ratchet tongue
110 extends movably, and a lever 124 mounted on the body can be pivoted about an
axis 126, to move lever teeth 128 into engagement with successive ones of the ratchet
teeth 116 and thus to pull the ratchet tongue 110 through the body 122. A spring-
loaded retaining pawl 130 keeps ratchet tongue 110 from moving back out of the
ratchet body 122 as the ratchet lever 124 is returned to its original position to
disengage the lever teeth 128 and permit them to engage other ratchet teeth 116
further along the ratchet tongue 110. The pawl 120 may be released by pulling on a
release lever 132 when it is desired to release the tourniquet 20.

[oogso] Fine Circumferential adjustment of an emergency extremity tourniquet 320 may
also be accomplished, as shown in FIGS. 16 and 17, by a tensioning mechanism 140 in
which a strong cord or string 142, which may be similar to braided fishing line, of a
strong artificial fiber such as Dacron®, for example, may be tightened by a winding
mechanism 144 including a spool held by a ratchet. The string may extend from the
winding mechanism 144 to the inner end 150 of the strap 22 and be arranged to extend
back and forth through several holes to give a mechanical advantage as the string 142
is wound. The winding mechanism 144 may be held in a winder body from which a
guide strap 146 extends toward and within a main guide channel 148 along part of the
loop formed by the strap 22, as shown with the extremity tourniquet 320 in place upon
a patient’s limb, in FIG. 16. Thus, tightening the string 142 moves the second, or inner,
end 150 of the strap 22 toward the winding mechanism 144. At a side of the winding
mechanism opposite the location of the cord, the force-regulating buckle may be
attached to the winding mechanism body, either removably, as by a hook 152 engaging
the bar 54 of the frame 70 of the force-regulating buckle 26, or, by a more permanent
connector (not shown) extending from the winding mechanism 144 to the frame of the
force-regulating buckle 26. A winding handle 154 may be attached to a spool shaft of
the winding mechanism 144 in a manner allowing the winding handle 154 to be folded
flat against a top of the winder mechanism 144, and the winder handle may include a
surface 156 on which information can be recorded regarding the identity of the patient

and the time of application of the tourniquet.
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[0o81] As another mechanism for providing fine circumference adjustment, a similar
emergency extremity tourniquet 420 includes an inflatable bladder 160, as shown in
FIGS. 18 and 19, that may be incorporated in or attached to the strap 22 near its inner
end 28. A layer 45 of self-engaging fastener material may be provided on the second,
or outer, layer 44 of the strap 22. Once the emergency extremity tourniquet 420 is
initially applied to the patient’s limb, with the force-regulating buckle 26 engaging holes
24 in the strap to establish the baseline tension, and the strap has been secured against
movement through the buckle 26 by the layer 45 of fastener material, the bladder 160
may be inflated, using a suitable hand pump 162 or other source of pressurized air (not
shown), until the effective internal circumference of the tourniquet 420 has been
reduced sufficiently to stanch the hemorrhage.

00821 Where an injury to, for example a lower leg, requires application of a tourniquet
to a patient’s thigh to stop bleeding, application of the emergency extremity tourniquet
20 disclosed herein gives an emergency caregiver confidence that a baseline tension in
the tourniquet has been achieved. Thus, if use of the Spanish windlass winding
member 58 or other Fine Circumference adjustment tension-increasing mechanism
doesn't stop the bleeding, it is clearly because a second tourniquet is necessary and not
because the first tourniquet 20 needs to be removed and reapplied.

(00831 As shown in FIGS. 20-24, a buckle 190 is similar in many respects to the buckle
100 shown in FIG. 12 but includes a latch mechanism to retain the sliding block, or
slider, 192 in a moved position with respect to the frame 200 of the buckle 190, so that
the pins or prongs protrude from the convexly curved strap contact face of the sliding
block 192 so that they can be engaged in holes 34 of the strap. Once a predetermined
tension has been developed in the strap 22 the sliding block 192 is moved by the
tension in the strap to a position with respect to the frame 200 exposing the tips of the
pins or prongs 193, and the pins 193 can enter into corresponding holes 34 provided in
the strap 22 and keep the main loop of the strap 22 in tension. Upon movement of the
slider 192 to a particular position relative to the frame 200, the latch mechanism
engages the sliding block 192 and the frame 200 with one another and prevents the

sliding block 192 from moving with respect to the frame so as to obscure the prongs
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193, even if tension in the strap 22 is relieved so that the tension in the strap would no
longer hold the sliding block 192 in its moved position with respect to the frame.

[0084] The latch mechanism in the buckle 190 includes a single, centrally located
finger 194 that can be moved to release the latch mechanism. The finger 194 is
located centrally within the sliding block or slider 192 and extends from the slider 192
and through a centrally located through-hole 196 in the base 198 of the buckle frame
200. A notch 202 is defined at one side of the through-hole 196 and strike faces 204
are located adjacent the notch 202 on each side. Extending on at least one side of the
finger 194 and extending on both sides as shown in FIGS. 20-24, a crossbar 206
includes a cam surface 208 to cause the finger 194 to flex and pass through the
through-hole, and a latching surface 210 that engages one of the strike faces 204 to
engage the latch mechanism and hold the slider 192 in the moved position with respect
to the base portion 98 of the frame 200, exposing the pins 193 to protrude from the
convex strap contact face.

(00851 The latch mechanism is readily released to disengage the slider 192 from the
frame 200, so that the slider can move to its original position in which it obscures the
pins 193 and allows a strap to slide through the buckle 190.

[0o86] To assist in unlatching the slider from the latched, or engaged, position of the
slider 192, a thumb rest 212 may be provided on one side of the base portion 198,
facilitating flexing of the finger 194 to disengage the latch and release the slider 192 to
move toward the end of the frame opposite the base 198. The thumb rest 212 also
provides a definite indication of which way the finger 194 has to be moved to release it
from engagement in the notch 202.

r00871 In FIGS. 25-32 portions of a tourniquet 520 generally similar to the tourniquet
20 shown in FIGS. 1-3 are shown. The illustrated portions of the tourniquet 520 are the
ones that interact with one another to fasten and permit adjustment of the tourniquet.
As shown in FIGS. 25 and 26 a baseplate 222 includes a pair of parallel transversely-
extending slots 224 near an outer end 226, and an elongate strap 228 is threaded
through the pair of slots 224. The strap 228, which may be of a sturdy, non-elastic,

woven web material, extends along the top of the baseplate 222 and under a pair of
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retainer guides 230, which may be formed as opposite lateral extensions from the
baseplate 222, folded upward and inward toward each other and the midline of the
baseplate 222 near the inner end 232 of the baseplate 222. An inner end 234 of the
strap 228 may extend a small distance, such as about 10 or 15 cm, beyond the inner
end 232 of the baseplate and is permanently fastened as a small loop 236 that attaches
the strap to a tension-measuring and setting buckle 240, which will be described in
greater detail presently.

[0088] A free outer portion 242 of the strap 228 extends away from the outer end 226
of the baseplate 222, as shown in FIGS. 25 and 26. The outer portion 242 of the strap,
as in the strap 22 shown in FIGS. 1-3, includes an array of pairs of holes 246 spaced
apart from each other along the length of the strap 228. The holes 246 are spaced
apart from each other laterally of the strap 228 by a distance corresponding to the
spacing between a pair of pins 250 of the buckle 240, and each of the holes 246 is
large enough to receive one of the pins 250 comfortably. For example, the longitudinal
center-to-center distance 252 between holes 246 may be about 0.5 inch, and the lateral
center-to-center distance 254 may be about 0.75 inch.

(00891 Similar to the strap 22, the free outer portion 242 of the strap 228 that extends
away from the baseplate 222 toward the outer end 244 may be constructed of two
layers of strong, flexible, non-elastic fabric. A first layer may be an extension of a
portion 256 of the strap 228 extending from the loop 236 and along the baseplate 222.
A second layer 258 may be faced with a self-engaging fastening material such as OMNI-
TAPE®, Velcro® or with other material or devices that will secure confronting parts of
the layer 258 of the strap to each other to prevent relative movement during use of the
tourniquet. The portion 256 of the first layer of the strap that extends along the top of
the baseplate 222 to the small loop 236 extends around the mid-length portion of a
winding member 260, which may be a rod. The portion 256 of the strap may be
secured to the winding member 260 by a fastener such as a rivet 262 that extends
through a pair of holes defined in the strap portion 256 and a hole that extends through
the rod.
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[0090] A retainer 268 that may be generally similar to the retainer 60 of the tourniquet
20 is provided at the outer end 226 of the base plate 268. The retainer extends
transversely with respect to the base plate 222 and includes a pair of arcuately
upwardly extending C-shaped hooks 270 each available to receive and hold one of the
opposite ends of the winding member 260 when the tourniquet 220 is in use. An area
of a first fastening material 272, such as the hook-bearing, or thistle cloth, portion of
fastening material such as Velcro®, extends along and is fastened to the outer surface
of the retainer 268, as may be seen best in FIG. 26. A retainer strap 274 has an inner
face adapted to mate with the first fastening material 272 and thus may be of loop pile
material. One end of the retainer strap 274 may be attached securely, as by being
glued or thermally welded, to the first fastening material 272. The retainer strap
extends along the retainer and is long enough to extend across the gap between the
hooks 270 so as to form an enclosure to hold an end of the winding member 260 in the
retainer 268 to prevent it from being inadvertently dislodged from within the retainer
during use of the tourniquet 220.

[0091] The buckle 240 is a force-regulating or tension-measuring and setting buckle,
generally similar to the buckle 26 in that it includes the pins 250 that are exposed to
engage the holes 246 in the strap once a predetermined amount of tension in the strap
228 is applied to the buckle 240.

[0092] As shown in FIGS. 27-31, the buckle 240 may include a rigid frame assembly
278 and a sliding block 280 that may also be referred to as a slider. The frame
assembly 278 includes a main portion including a base 282 from which a pair of parallel
arms 284 extend at respective ends of the base. Openings 286, 288 are defined in an
outer end of each of the parallel arms 284, and a bar 290 fits in the openings,
interconnecting the parallel arms 284. The opening 286 may be larger than the
opening 288, and one end of the bar 290 may be enlarged, while the other end may
include a protruding ring so that the bar may fit into the openings 286, 288 with an
interference fit at each end. The bar extends through the small loop 236 of the strap
228 to secure the strap to the buckle and enclose an opening for the strap 228 to pass
through the buckle 240.

- 20—



WO 2018/075644 PCT/US2017/057195

[0093]1 The pins 250 extend from the base 282 between and parallel with the arms 284
and may be molded integrally with the base. A pair of helical springs 292 may fit
around and extend along the lower portions of the pins 250, adjacent the base 282.
The sliding block, or slider 280, is of a generally U-shaped configuration with a pair of
parallel opposite side portions, as seen in FIGS. 29, 30, and 31, and fits between the
parallel arms 284 of the buckle 240. It has a convex curved strap contact face 296
similar to the face 76 of the sliding block 72. The sliding block 280 defines grooves 298
that receive ribs 300 extending along the inner faces of the parallel arms 284 to guide
the sliding block 280 and keep it properly aligned with the frame assembly 278. The
curved face 296 of the sliding block includes a pair of holes 302 aligned with the pins
250 so that they may extend into and through the holes 302. The sliding block 280
may include seats 304 surrounding the holes 302 on an inner side of the sliding block
280 to allow the springs 292 to act on the sliding block 280, urging it away from the
base 282 of the buckle frame, as shown in FIGS. 27-31.

[0094] As with the buckle 26, the sliding block 280 may be molded or otherwise
formed from a suitable elastic material such as a resilient and tough but generally rigid
plastics material and includes retaining lips 306, 307 located on the opposite side
portions that engage the respective exterior sides of retainer flanges 308 on the base
282, on respective opposite sides of the frame as shown in FIG. 29, to keep the sliding
block 280 on the frame assembly 278.

(00951 The buckle 240 includes a latch mechanism to keep the sliding block 280 in a
position with respect to the base 280 in which the pins 250 extend through and beyond
the curved face 296 to be able to engage holes 246 in the strap 228. As part of the
latch mechanism, on a front, or upper, side of the base 282 of the buckle there is a
catch 310 in the form of a ramp extending transversely along the base 282. When the
sliding block 280 has been urged toward the base 282 by tension in the strap, a cam
face 311 on the retaining lip 306 can ride up along the ramp of the catch 310 and then
engage a face 312 of the catch 310 as shown in FIG. 31. The elasticity of the sliding
block continues to urge the adjacent retaining lip 306 inward toward the base 282 so as
to rest alongside the face 312 of the catch 310 and thus to hold the sliding block 280 in
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the position shown in FIG. 30, where the pins 250 extend outwardly through the holes
302 and are thus available to engage and remain engaged in respective ones of the
holes 246 in the strap 228, once sufficient tension in the strap 228 has been reached.
The buckle 240 thus ensures that the loop of the strap 228 is tightened to the value
determined to be sufficient as a gross circumference adjustment when the tourniquet is
initially put into place around a patient’s limb. Since the catch 310 extends along the
entire width of the base 282 the lip 306 can engage the entire catch 310 and sliding
block 280 is not subject to being held at only one side of the base 282. As a result, the
latch mechanism is either fully latched or clearly not latched.

[0096] A release tab 314 extends from the front or upper side of the sliding block,
where retaining lip 306 engages the catch 310, to permit the sliding block 280 to be
released at an appropriate time for removing the tourniquet 220 from the patient.
(00971 With the sliding block 280 kept latched to the base 282 of the buckle 240 the
pins 250 extend through the sliding block 280 and remain available to engage the holes
246 in the strap 228. A person applying the tourniquet 220 then can easily secure the
face of the layer 258 in the part 243 of the outer portion 242 of the strap 228 that
extends through and away from the buckle 240, to the layer 258 of the part of the
outer portion 242 of the strap forming the loop around the patient’s limb and extending
to the buckle 240, by use of the fastening material of the second layer 258 of the strap
228.

(00981 When the part 243 of the strap 228 extending from the buckle 240 has been
secured to the part of the outer portion 242 of the strap forming the loop around a
patient’s limb the part 243 of the strap covers the release tab 314 and shields it against
inadvertent contact that might result in the sliding block 280 being released from being
latched to the base 282 of the frame assembly 278 and then being pushed by the
springs 292 toward a position in which the pins 250 could be obscured by the sliding
block 280. As shown in FIG. 32, however, once the outer part 243 of the strap 228 is
separated from the part of the outer portion 242 of the strap 228 forming the loop

around the patient’s limb the release tab 314 is exposed and can be moved away from
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the base 282 in the direction of the arrow 316 to disengage the retainer lip 306 from
the latch face 312 of the catch 310.

(00991 Employment of the tourniquet 220 is essentially similar to that described
previously with respect to the tourniquet 20. The winding member, used as a Spanish
windlass, increases the tension and shortens the effective length of the portion 256 of
the strap 228 between the slots 224 and the loop 236 in the inner end 234 of the strap,
thus pulling the inner end portion of the strap through, between and under the retainer
guides 230 at the inner end 232 of the baseplate 222. Further winding of the Spanish
windlass can then pull more of the strap 228 through the slots 224, further tightening
the loop around the patient’s limb. When sufficient tension has been established by use
of the Spanish windlass one of the ends of the winding member 260 is engaged with
one of the C-shaped hooks 270 of the retainer 268 and may be secured by use of the
retainer strap 274 to prevent inadvertent release of tension during transport or other
care of the patient once the tourniquet 220 has been installed.

[00100] The terms and expressions which have been employed in the foregoing
specification are used therein as terms of description and not of limitation, and there is
no intention in the use of such terms and expressions of excluding equivalents of the
features shown and described or portions thereof, it being recognized that the scope of

the invention is defined and limited only by the claims which follow.

— 23—



WO 2018/075644 PCT/US2017/057195

CLAIMS
What is claimed is:

1. A tourniquet for occluding hemorrhage in a distal portion of a person’s limb,
comprising:

(a) an elongate flexible tension-bearing member having a pair of opposite ends
and including a portion available to be formed into a loop around the person’s limb;

(b) a tension-measuring mechanism, arranged to sense tension in a portion of
the tension-bearing member that has been formed into a loop;

(c) a first fastening mechanism arranged to engage a portion of the tension-
bearing member, in response to sensing at least a baseline first amount of tension in
the portion of the tension-bearing member forming the loop, and to retain the tension-
bearing member thereafter so as to maintain the first amount of tension in the loop
extending around the person’s limb, the first fastening mechanism including a movable
member arranged to move from a first position to a second position in response to
sensing the baseline first amount of tension;

(d) a latch associated with the first fastening mechanism and arranged to be
engaged and to keep the movable member of the first fastening mechanism in the
second position in response to the movable member being in the second position; and

(e) a tension-increasing mechanism associated with the tension-bearing member
and operable when the baseline amount of tension has been established in the loop by
the first fastening mechanism, to increase tension in the loop beyond the baseline
amount.

2. The tourniquet of claim 1 including a second fastening mechanism
associated with the tension-increasing mechanism, the second fastening mechanism
being operable to retain a status of increased tension established by the tension-
increasing mechanism, once an increased tension has been attained.

3. The tourniquet of claim 1 wherein the tension-measuring mechanism and

the first fastening mechanism are included in a buckle.
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4. The tourniquet of claim 3, wherein the buckle, comprises:

(a) a frame having a base portion and a pair of opposite sides and defining an
opening through the frame from one to the other of the opposite sides;

(b) wherein the movable member is disposed within the opening through the
frame and movable between a first position with respect to the frame, in which the
movable member shields an engagement member, and a second position with respect
to the frame, in which at least a portion of the engagement member is exposed and
extends proud of a surface of the movable member; and

(c) a resiliently compressible member urging the movable member toward the
first position.

5. The tourniquet of claim 4, wherein the compressible member is a spring that
provides a predetermined force holding the movable member in the first position.

6. The tourniquet of claim 4, wherein the tension-bearing member is a strap
and the movable member is a slider having a strap contact face, and wherein the frame
and the slider together define a passageway adapted to receive the strap extending
through the opening, along and in contact with the strap contact face of the slider.

7. The tourniquet of claim 6, wherein the slider defines a hole extending
openly through the strap contact face and the engagement member is a pin mounted
on the base portion of the frame and aligned with the hole, the pin protruding through
the hole and proud of the strap contact face of the slider when the slider is in the
second position with respect to the base portion of the frame.

8. The tourniquet of claim 4, wherein:

the base portion of the frame defines a through-hole;

the movable member is a slider that includes a finger extending through the
through-hole;

wherein the slider includes a catch protruding from the finger;

wherein the base portion includes a latch strike surface located on the base
portion where it can be engaged by the catch when the slider moves into the second

position with respect to the base portion; and
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wherein the finger is elastically biased to urge the catch into engagement with
the latch strike surface.

9. The tourniquet of claim 4 wherein the base portion of the frame includes a
protruding retainer flange on each of the opposite sides of the frame;

wherein the movable member is a slider including a pair of opposite side portions
each associated with a respective one of the opposite sides of the frame;

wherein each of the opposite side portions of the slider includes a respective
inwardly-directed retainer lip located facing an exterior side of the respective flange so
as to keep the slider in place on the frame;

wherein the slider is of an elastic material flexible and resilient enough for the
opposite side portions of the slider to be separated from each other far enough for the
retainer lips to pass over the retainer flange and thereafter to keep the retainer lips in
position to engage the retainer flange; and

wherein the latch includes a ramp and a latch face located in position to be
engaged by one of the retainer lips to hold the slider when the slider has been moved
to the second position.

10. The tourniquet of claim 9 including a latch release tab mounted on one of
the side portions of the slider in a position to facilitate pulling the one of the retainer
lips away from the latch and thereby releasing the slider from the second position.

11. The tourniquet of claim 3 wherein the tension-bearing member includes a
strap, wherein there are a plurality of holes spaced apart from one another along a
length of the strap, and wherein the buckle includes a pin arranged to engage one of
the plurality of holes only after the baseline tension has been attained.

12. The tourniquet of claim 3 including a quick-release connector attached to
an end of the tension-bearing member and wherein the buckle is releasably connected
to the quick-release connector.

13. The tourniquet of claim 3 wherein the tension-bearing member includes a
strap that defines at least one hole, wherein the buckle includes a base portion, and
wherein the movable member is a sliding block and wherein the buckle has at least one

pin projecting from the base portion, the sliding block having a strap contact face and
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being mounted over the at least one pin and being movable relative to the base
portion, and the sliding block being urged by a spring to remain in a non-engaging
position in which the at least one pin does not project beyond the strap contact face of
the sliding block, until tension in the strap opposing the spring moves the sliding block
toward the base portion to a strap-engaging position in which at least one pin projects
beyond the strap contact face of the sliding block and can engage said at least one hole
in the strap, thereby establishing a position of the strap with respect to the buckle and
establishing a baseline amount of tension in the loop, and wherein the latch is arranged
to hold the sliding block in the strap-engaging position in which the at least one pin
projects from the strap contact face of the sliding block.

14. The tourniquet of claim 1 wherein the tension-increasing mechanism is a
Spanish windlass including a winding member attached to the tension-bearing member
and operable effectively to shorten the portion of the tension-bearing member forming
the loop.

15. The tourniquet of claim 1 wherein the tension-increasing mechanism
includes an auxiliary strap connected with the tension-bearing member, a ratchet, a
latch operable in conjunction with the ratchet, a lever operable in conjunction with the
latch to increase tension, and a pawl operable together with the ratchet to hold and
retain tension in the auxiliary strap.

16. The tourniquet of claim 1 wherein the tension-increasing mechanism
includes a second flexible tension-bearing member, a flexible cord, and a winding
mechanism including a ratchet arranged to maintain tension in the cord, the tension-
increasing mechanism having a pair of opposite ends one of which is connected to a
respective location on the tension-bearing member of the tourniquet near a first end of
the device.

17. The tourniquet of claim 1 wherein the tension-increasing mechanism
includes an inflatable bladder associated with the flexible tension-bearing member and
located so as to be retained within the loop, whereby inflating the bladder causes the
bladder to occupy a portion of a space encircled by the loop and thereby increases

tension in the loop and acts to help occlude a blood vessel in the limb of the person.
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18. The tourniquet of claim 1 wherein the tension-measuring mechanism and
the first fastening mechanism are included in a buckle comprising:

(a) a frame having a base portion and a pair of opposite sides and defining an
opening through the frame from one to the other of the opposite sides;

(b) wherein the movable member is a sliding block disposed within the opening
through the frame, the sliding block having a U shape including a strap contact face and
a pair of opposite side portions, at least a front one of the opposite side portions
including a retaining lip directed toward the other one of the opposite side portions, and
the sliding block being movable, with respect to the frame, between the first position in
which the strap contact face of the sliding block shields an engagement member, and
the second position, in which at least a portion of the engagement member is exposed
and extends proud of a surface of the strap contact face of the sliding block;

(c) a resiliently compressible member urging the sliding block toward the first
position; and

(d) the latch being a latch mechanism arranged to be engaged automatically
and to hold the sliding block in the second position with respect to the frame, in
response to the sliding block moving into the second position, the latch mechanism
including a ramp and an associated latch face defined on and extending along and
protruding from the base portion of the frame on the front one of the opposite sides of
the frame, and the latch mechanism including the retaining lip portion of the front one
of the opposite side portions of the sliding block.

19. The tourniquet of claim 18 including a latch release tab extending from the
one of the opposite side portions of the sliding block on which the retaining lip portion
is located.

20. The tourniquet of claim 18, wherein the sliding block defines a hole passing
through the strap contact face and the engagement member is a pin mounted on the
base portion of the frame and aligned with the hole, and wherein the pin protrudes
through the hole and proud of the strap contact face of the sliding block when the

sliding block is in the second position with respect to the base portion of the frame.
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21. The tourniquet of claim 18, wherein the base portion of the frame includes a
protruding retainer flange on each of the opposite sides of the frame;

wherein each of the opposite side portions of the sliding block corresponds to a
respective one of the opposite sides of the frame;

wherein each of the opposite side portions of the sliding block includes a
respective retaining lip located facing an exterior side of the respective flange so as to
keep the slider in place on the frame; and

wherein the sliding block is of an elastic material flexible and resilient enough for
the opposite side portions of the sliding block to be separated temporarily from each
other far enough for the retaining lips to pass over the retainer flange and thereafter to
keep the retaining lips in position to engage the retainer flange.

22. A method of applying a tourniquet, comprising:

(a) wrapping an elongate flexible tension-bearing member around a patient’s
limb;

(b) passing a portion of the flexible tension-bearing member through a
tension-measuring and setting buckle connected with another part of the tension-
bearing member, thereby forming a loop around the limb;

(c) thereafter, pulling the portion of the flexible tension-bearing member
through the buckle, thereby increasing tension in the loop until tension in the loop
reaches a baseline value and moves a movable member of the buckle to a baseline
tension setting position enabling the buckle to be engaged with the flexible tension-
bearing member;

(d) latching the movable member of the tension-measuring and setting buckle in
the baseline tension setting position;

(e) engaging the buckle with the flexible tension-bearing member and thereby
retaining the baseline amount of tension in the loop, once the tension-measuring and
setting buckle determines that the predetermined baseline amount of tension has been
attained; and

(f) thereafter using a tension-increasing mechanism that is separate from the

tension-measuring and setting buckle to increase tension in the flexible tension-bearing
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member, thereby increasing tension in the loop to an amount greater than the baseline
tension, and thereby reducing the circumference of the loop, until the tourniquet
achieves a desired effect.

23. The method of claim 22, comprising:

wherein the movable member of the buckle is a sliding block having a U shape
and including a pair of opposite sides; and

wherein the step of latching the movable member includes passing one of the
pair of opposite sides of the sliding block over a ramp located on a side of a base
portion of the tension-measuring and setting buckle and engaging a retaining lip
located on the one of the pair of opposite sides, with a latch face located on an
opposite side of the ramp, thereby latching the movable member of the tension-
measuring and setting buckle in the baseline tension setting position.

24. A buckle, comprising:

(a) a frame having a base portion and a pair of opposite sides and defining an
opening through the frame from one to the other of the opposite sides;

(b) a sliding block disposed within the opening through the frame, the sliding
block having a U shape including a strap contact face and a pair of opposite side
portions, at least a front one of the opposite side portions including a retaining lip
directed toward the other one of the opposite side portions, and the sliding block being
movable between a first position with respect to the frame, in which the strap contact
face of the sliding block shields an engagement member, and a second position with
respect to the frame, in which at least a portion of the engagement member is exposed
and extends proud of a surface of the strap contact face of the sliding block;

(c) a resiliently compressible member urging the sliding block toward the first
position; and

(d) a latch mechanism arranged to be engaged automatically in response to the
sliding block moving into the second position, and to hold the sliding block in the
second position with respect to the frame, the latch mechanism having a catch
including a ramp and an associated latch face, defined on and extending along and

protruding from the base portion of the frame on a front one of the opposite sides of
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the frame, and the latch mechanism including the retaining lip portion of the front one
of the opposite side portions of the sliding block.

25. The buckle of claim 24 wherein the ramp and the latch face extend along
the entire width of the base of the frame of the buckle.

26. The buckle of claim 24 including a latch release tab extending from the
front one of the opposite side portions of the sliding block in a position to facilitate
pulling the included retaining lip away from the latch and thereby disengaging the latch
mechanism and releasing the sliding block from the second position.

27. The buckle of claim 24 wherein the base portion of the frame includes a
protruding retainer flange on each of the opposite sides of the frame;

wherein each of the opposite side portions of the sliding block corresponds to a
respective one of the opposite sides of the frame;

wherein each of the opposite side portions of the sliding block includes a
respective retaining lip located facing an exterior side of the respective flange so as to
keep the slider in place on the frame; and

wherein the sliding block is of an elastic material flexible and resilient enough for
the opposite side portions of the sliding block to be separated temporarily from each
other far enough for the retaining lips to pass over the retainer flange and thereafter to
keep the retaining lips in position to engage the retainer flange.

28. The buckle of claim 24, wherein the sliding block defines a hole passing
through the strap contact face and the engagement member is a pin mounted on the
base portion of the frame and aligned with the hole, and wherein the pin protrudes
through the hole and proud of the strap contact face of the sliding block when the
sliding block is in the second position with respect to the base portion of the frame.

29. The buckle of claim 24, wherein the compressible member is a spring that
provides a predetermined force holding the movable member in the first position.

30. The buckle of claim 24, wherein the sliding block and the frame together
define a passageway adapted to receive a strap extending through the opening, along

and in contact with the strap contact face of the sliding block.
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31. The buckle of claim 24 wherein the ramp and the latch face extend along

the entire width of the base of the frame of the buckle.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-23, directed to a tourniquet for occluding hemorrhage in a distal portion of a person’s limb.
Group lI: Claims 24-31 directed to a buckle.
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3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 17/57195

-*- Box Ill - Observations where Unity of Invention is Lacking -*-

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of (e) a tension-increasing mechanism associated with the tension-
bearing member and operable when the baseline amount of tension has been established in the loop by the first fastening mechanism,
to increase tension in the loop beyond the baseline amount, not required by the claims of Group I

The invention of Group Il includes the special technical feature of (b) a sliding block disposed within the opening through the frame, the
sliding block having a U shape including a strap contact face and a pair of opposite side portions, at least a front one of the opposite side
portions including a retaining lip directed toward the other one of the opposite side portions, and the sliding block being movable
between a first position with respect to the frame, in which the strap contact face of the sliding block shields an engagement member,
and a second position with respect to the frame, in which at least a portion of the engagement member is exposed and extends proud of
a surface of the strap contact face of the sliding block, not required by the claims of Group I.

COMMON TECHNICAL FEATURES

Groups I-Il share the common technical features of a latch mechanism arranged to be engaged and to keep a movable member in the
second position in response to the movable member being in the second position. However, these shared technical features do not
represent a contribution over prior art as being anticipated by US 2015/0216536 A1 to The Seaberg Company, Inc. (hereinafter
'Seaberg'), which discloses a latch mechanism (latch mechanism between the sliding block 72 and rigid frame 70, enacted by ramps 96
and lips 94, adjacent the components of the first fastening mechanism, Fig. 7A) arranged to be engaged and to keep a movable
member in the second position in response to the movable member being in the second position (lips 94 of the sliding block 72 slide
over and click into position behind the ramps 96, thus latching the sliding block 72 in its second position, para [0050}; Fig. 7A-7B).

As the common technical features were known in the art at the time of the invention, these cannot be considered special technical
feature that would otherwise unify the groups.

Therefore, Groups I-Il lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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