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(57) Abstract: A wound closure device includes first and second opposing members which open and close in a clam-shell config
o uration, skin penetrating needles and a pressure bar for applying pressure to close the wound when the device is closed, and re-

leasable locking means for biasing or maintaining the device in a closed position.



WOUND CLAMP

Field of the Invention

The present invention relates to a clamp device for wound closure. In particular, the

invention relates to a haemorrhage control device for closing a wound, particularly in

emergency situations, such as during military operations or civilian disaster situations.

Background

In both military and non-military emergency medical situations, it is often necessary to

temporarily close a wound to prevent bleeding and to avoid contaminating the wound. In

many situations, it is impractical to suture or staple a wound closed, which will often take five

to ten minutes.

While utilization of strap style tourniquets have been widely accepted for field care, these

devices present a number of disadvantages. Tourniquets are slow and difficult to maneuver

and place around the extremity. They are limited by how high they can be placed on a limb

and do not address major bleeding in the groin or axilla where larger blood vessels run or

other areas of the body, such as the trunk, neck, or scalp. They create a lot of pain for the

casualty and there is a risk of limb loss when left on too long. Pneumatic tourniquets are less

painful but share all of the anatomical restrictions and are less sturdy for military field use.

As an alternative to manual pressure and packing with gauze, hemostatic agents and

dressings have been developed to accelerate the clotting process in wounds. One such

product, referred to as QuickClot™ ( Z-Medica) comprises granular zeolites which are

applied to the injured vessel, causing water absorption from the blood to the zeolite to



concentrate clotting factors and speed up clot formation. However, the granular form is

awkward to apply in a windy environment, and the powder or bandage device is still subject

to movement during extraction of the wounded patient, which can loosen the clot and cause

leakage through the puncture to increase blood loss. Furthermore, the granular material is

very exothermic, to the extent it can cause burns, and is difficult to combine with manual

pressure because of the temperature generated. QuickClot™ has since been replaced with

Combat Gauze™ ( Z-Medica) which is a gauze impregnated with a kaolin substance which is

not exothermic and does not have the disadvantages of a granular powder. It takes at least

three to five minutes of manual pressure over the hemostatic agent before it is effective.

Even in a field hospital, bleeding from wounds can be problematic when faced with

multiple penetration wounds. Penetrating wounds may not appear to bleed because the

patient is in shock, but will often commence or resume bleeding upon resuscitation and return

of systolic blood pressure. The surgeon often does not have enough time to close multiple

wounds before bringing the patient to an operating room for urgent surgery.

Many wound closure devices are known in the art, however, may be improved upon in

many different facets. There is a need in the art for a wound closure device which may be

convenient to use, is relatively compact, and is effective in closing a wound under difficult

situations which may arise in emergency situations, such as during warfare, terrorist attacks,

accidents or during natural disasters.



SUMMARY OF THE INVENTION

The present invention relates to a wound closure device. The device rapidly re-

approximates the skin edges by engaging the skin to seal the wound. The device is configured

to open and close in a clam-shell configuration, and may be configured to be operated one-

handed. In one embodiment, the device comprises needles which puncture the skin edges

when the device is closed, and a pressure bar which applies pressure substantially

perpendicular to the long axis of the wound. In one embodiment, the pressure bar comprises

end closure members which are disposed substantially perpendicular to the pressure bar. The

pressure is initially exerted manually by closing the device onto the skin surrounding the

wound. The device may be maintained in a closed position by a biasing means, by a

ratcheting mechanism, by friction or some other mechanical configuration.

Without restriction to a theory, the applicants believe that by closing the wound tightly

between two opposing members, blood loss from the wound can be minimized even if there

are significant wounds below the surface of the skin, if the wound is in a compressible zone.

The patient may then be transported to a surgical facility with a minimized risk of bleeding

out in the meantime. In one embodiment, the end closure members hem in the wound from

the ends, further enhancing the closure of the wound.

Control of bleeding is achieved when pressure in or on the wound exceeds arterial or

venous pressures. Packing of the wound with gauze or hemostatic agents prior to skin closure

may be preferable for some wounds. Since the device seals off the skin from the outside it can

also be used to prevent bowel evisceration out of a wound or to treat a sucking chest wound.

Therefore, in one aspect, the invention may comprise a wound closure device comprising:



(a) a first opposing member and a second opposing member engaged about a

longitudinal axis, each pivotally moveable around the axis between a closed position and

an open position relative to each other, and moveable longitudinally along the axis from a

first position to a second position, each of the opposing members having a proximal edge

adjacent the longitudinal axis and a distal edge, and an outer face and an inner face;

(b) a first ratchet on the first member, and a second ratchet on the second member,

which engage each other to maintain the opposing members in the closed position, when

the first and second members are in the first position, and which disengage when the first

and second members are in the second position; and

(c) a plurality of needles disposed on the distal edges of the first and second members.

In one embodiment, each opposing member comprises an end closure member at each end,

which is substantially perpendicular to the distal edge, and is aligned with an end closure

member on the other opposing member.

In another aspect, the invention comprises a wound closure device comprising:

(a) a first opposing member and a second opposing member engaged about a

longitudinal axis, each pivotally moveable around the axis between a closed position and

an open position relative to each other, each of the opposing members having a proximal

edge adjacent the longitudinal axis and a distal edge;

(b) skin penetrating means for anchoring the device;

(c) a pressure bar along each distal edge; and

(d) releasable means for biasing or maintaining the device in the closed position.



BRIEF DESCRIPTION OF THE FIGURES

In the drawings, like elements are assigned like reference numerals. The drawings are not

necessarily to scale, with the emphasis instead placed upon the principles of the present

invention. Additionally, each of the embodiments depicted are but one of a number of

possible arrangements utilizing the fundamental concepts of the present invention. The

drawings are briefly described as follows:

Figure 1 is a bottom view of one embodiment of a clamp in the full open position.

Figure 2 is a bottom view of a clamp in a partially closed position.

Figure 3 is a bottom view of a clamp in a fully closed position.

Figures 4A, 4B, 4C, 4D are end views of a clamp in an open and partially closed and

closed position, respectively.

Figure 5 is a top view of a clamp in a partially closed position.

Figure 6 is a side view of a clamp in a closed position.

Figure 7A is a top view of the clamp in the closed position with the ratchets engaged.

Figure 7B is a top view of the clamp in the closed position but with the ratchets disengaged,

allowing the device to be opened.

Figure 8 is an end view of a clamp closed on a wound.

Figure 9 is a top view of an alternative embodiment of the clamp.

Figure 10 is a view of a further alternative embodiment of the clamp.



Figure 11 is a top view of the embodiment of Figure 10.

Figure 12 is an end view of the embodiment of Figure 10.

Figure 13 is a side view of the embodiment of Figure 10.

Figure 1 is a top view of the embodiment of Figure 10 in an open position.

Figure 15 is a cross-sectional view along line 15-15 in Figure 14.

DETAILED DESCRIPTION

The invention relates to a wound closure device. When describing the present invention,

all terms not defined herein have their common art-recognized meanings. To the extent that

the following description is of a specific embodiment or a particular use of the invention, it is

intended to be illustrative only, and not limiting of the claimed invention. The following

description is intended to cover all alternatives, modifications and equivalents that are

included in the spirit and scope of the invention, as defined in the appended claims.

In general terms, one embodiment of the wound closure device is configured in a clam¬

shell type configuration, with a first opposing member (4) and a second opposing member (6)

pivotally attached to each other about a pin (2) which defines a longitudinal axis of rotation.

Each of the opposing members having an outer face and inner face and two ends. In one

embodiment, each opposing member approximates a bisected cylinder which has a proximal

edge (5) and a distal edge (7). The longitudinal pivoting axis (2) is adjacent the proximal

edge. The two bisected cylinder halves approximate a cylinder when in the closed position,

where the two distal edges are proximal to each other. When the first and second members

are pivoted to an open position, the two distal edges are spread apart.



While the first and second opposing members (4, 6) are illustrated herein to be half-

cylinder sections in the embodiment illustrated, they may be approximated by interconnected

curved arms or another equivalent configuration.

In one embodiment, each opposing member comprises an end closure member (8) at each

end. Each end closure member (8) is substantially perpendicular to the distal edge, and is

aligned with an end closure member on the other opposing member. Preferably, when the

device is in a closed position, two opposing end closure members (8) abut each other, or come

towards each other, in order to enclose or partially enclose the volume between the two

opposing members at each end. In an alternative embodiment, the distal edges (7) may be

curved so that the distance between the two distal edges (7) is reduced towards the ends when

the device is in a closed position. Either configuration is intended to minimize leakage from

the wound from the ends of the wound.

Without restriction to a theory, the applicants believe that by closing the wound tightly,

between the two opposing members and between the end closure members, blood loss from

the wound can be minimized even if there are significant wounds below the surface of the

skin, in a compressible zone of the body. The patient may then be transported to a surgical

facility with a minimized risk of bleeding out in the meantime.

In one embodiment, the opposing members (4, 6) have needles (12) for piercing the skin

on opposite sides of the wound. The needles have two primary functions. The first is to

anchor the device into place when it is closed in place to seal a wound. If the device were to

solely rely on frictional engagement with the skin, it might easily be knocked off. The

second is to cause the skin and underlying tissue to bunch up between the opposing members,



as is illustrated in Figure 8. In one embodiment, the needles are long enough to penetrate the

dermal layer (D) and extend into the underlying tissue. This action enhances the sealing

action of the device.

In one embodiment, the needles (12) are alternately placed along the length of the

opposing members such that the needles are interleaved. In one embodiment, the needles are

curved such that the piercing of skin and closing of the device brings opposing edges of the

wound up into the device, as is illustrated in Figure 8. As a result, dermis to dermis contact

along the length of the wound is promoted, which enhances the seal created by the device. As

one skilled in the art will appreciate, the needles may have a radius of curvature similar to that

of the first and second members.

In one embodiment, each of the opposing members (4, 6) has a pressure bar (18, 20) along

the distal edge (7) of the member. Once the device is closed on a wound, the pressure bars

(18, 20) exert relatively even pressure along the length of the wound to close the wound. The

pressure bar may comprise frictional elements to help grip the skin, such as ridges (21) which

run parallel to the distal edge.

In one embodiment, the pressure bar (18, 20) is configured to interact with or hide the

needles of the opposing member in order to prevent exposing the needles when the device is

being handled in the closed position. In one embodiment, the pressure bars may be lined with

a resilient material (32) which envelops the needle tips, such as neoprene or another rubbery

material. The resilient material may also aid in the application of pressure to the wound.

In one embodiment, each of the opposing members (4, 6) has a grip (10) on the outer face.

In one embodiment, the grips are raised concave surfaces placed near the pivot axis. The



grips each provide a first gripping surface (40) which is substantially parallel to the

longitudinal axis, which facilitates a one-handed opening motion. In one embodiment, the

grips provide a second gripping surface (42) to push the first and second members apart along

the longitudinal axis. The second gripping surface (42) may be substantially perpendicular to

the longitudinal axis. Different grip configurations may provide suitable first and second

gripping surfaces. In one embodiment, the grips may be optimized for such use, as is shown

in Figure 9.

The device is normally stored in a closed position, and is then opened by a user for use. In

preferred embodiments, various mechanisms may be used to bias the device into an open

position, but allow for storage in a closed position, and also allow for locking into a closed

position when the device is in storage or in use.

In one embodiment, the device may be biased towards its open position by a first spring

(26) but is held in the closed position by cooperating ratchets (14, 16) disposed on the inner

face of the first and second members. The ratchets (14, 16) are disengaged by moving the

first member longitudinally away from the second member, as shown by the arrows in Figure

7B, allowing the device to be opened. A second spring (28) places longitudinal pressure on

the first and second members to keep the ratchets engaged.

A plurality of ratchet teeth on each opposing ratchet permits the user to control the closed

position. In the fully closed position, the distal edges of the opposing members are adjacent

each other, the opposing needles overlap, and all the ratchet teeth are engaged, as shown in

Figure 4D. The device may be partially closed, such as when placed on a wound, by

engaging only the end teeth of the opposing ratchets.



Once the device is opened, it may be closed on the wound by forcing the two opposing

members closed, against the pressure of the first spring (26), until the opposing ratchets

engage each other.

In an alternative embodiment, the surfaces of the two opposing members which

rotationally engage each other, about the longitudinal axis, may bear elements which

frictionally engage each other. For example, one opposing member may comprise an outer

cylindrical surface, while the other comprises an inner cylindrical surface. The two

cylindrical surfaces bear against each other, and may provide sufficient friction to maintain

the device in a closed position. Frictional elements such as raised ridges on the cylindrical

bearing surfaces may provide additional friction.

In another embodiment, the device comprises a releasable engagement mechanism

comprising a one-way bearing. As shown in Figure 10, the two opposing members (4, 6)

rotationally engage each other about an axial pin (2) with a cylindrical bearing. The pin (2) is

keyed at each end (3) so as to rotate with an outer cylinder (50) while being moveable in the

axial direction. An inner cylinder (52) rotates within the outer cylinder (50). A one-way

bearing (54) fits within and is affixed to the inner cylinder and is frictionally engages an

engagement section of the pin (2) which passes through the bearing (54). The pin (2)

comprises two telescoping sections which are biased outwards with an internal spring, and

which can be overcome by pressing the two ends (3) inwards. The pin (2) also comprises a

reduced diameter portion which is smaller than the engagement section and the inner diameter

of the bearing (54). When the pin is in a relaxed state, the engagement section of the pin

engages the inner diameter of the one-way bearing, which permits the device to rotate closed,



but prevents rotation in the open direction. When the pin is compressed by squeezing the two

ends (3), the pin slides laterally such that the reduced diameter portion is disposed within the

one-way bearing, permitting free rotation in either direction.

In one embodiment, the cylinder and one-way bearing assemblies are provided at both

ends of the device, which permits greater torque loads on the device in the closed position. It

also permits slightly asymmetric application of the device on a wound, where the distal edges

of the two opposing members are not exactly parallel. The torsional force acting on the one¬

way bearing at each end may be different.

Accordingly, a user can with one hand and one motion close the device about a wound,

and the device will remain locked in a closed position. The device can be unlocked to release

the device to its open position by a simple movement, again permitting one-handed use, if

necessary or desired.

The scope of the invention includes alternative mechanical configurations which permit

rotation of the two opposing members and a releasable locking or latching of the device into a

closed position.

In one embodiment, each of the opposing members (4, 6) may have an optional stabilizing

pad (22, 24) for balancing the device about a closed wound. Because of the mass of the

device, it may have a tendency to sway when in position, closed on a wound. The stabilizing

pads (22, 24) prevent or limit that swaying motion. In one embodiment, the stabilizing pads

are extended along the length of the distal edge, approximately tangent to the cylinder formed

by the closed members and parallel to the surface of the wound.



In one embodiment, each of the opposing members (4, 6) defines a number of openings

(30), which allow the user to visualize the wound. The openings (30) may also allow access

for medical or surgical instruments while the device is in use.

In one embodiment, the wound closure device is provided as a kit comprising a wound

closure device in a sterile package, which may be opened with one hand. Therefore, it may be

seen that a user may take the sterile package, open it and remove the device which is stored in

its closed position, open it with one hand, place it on a wound, and close it, all with one hand

and in very little time.



CLAIMS

1. A wound closure device comprising:

(a) a first opposing member and a second opposing member engaged about a

longitudinal axis, each pivotally moveable around the axis between a closed position and

an open position relative to each other, and moveable longitudinally along the axis from a

first position to a second position, each of the opposing members having a proximal edge

adjacent the longitudinal axis and a distal edge, and an outer face and an inner face;

(b) a first ratchet on the first member, and a second ratchet on the second member,

which engage each other to maintain the opposing members in the closed position, when

the first and second members are in the first position, and which disengage when the first

and second members are in the second position; and

(c) a plurality of needles disposed on the distal edges of the first and second members.

2. The wound closure device of claim 1 further comprising a pressure bar attached to the

distal end of each of the opposing members.

3. The wound closure device of claim 2 further comprising a stabilizer bar attached to the

outer face of each opposing member.

4. The wound closure device of claim 1 further comprising a grip attached to the outer face

of each opposing member, wherein the grip comprises a first gripping surface parallel to

the longitudinal axis, and a gripping surface substantially perpendicular to the first

gripping surface.

5. The wound closure device of claim 1 wherein each opposing member is semi-cylindrical.



6. The wound closure device of claim 1 or 5 wherein the needles are curved, with a radius of

curvature substantially similar to the radius of curvature of the opposing members.

7. The wound closure device of claim 1 further comprising a first spring disposed between

the first and second members to bias the first and second members towards the first

position, and a second spring disposed between the first and second members to bias the

first and second members towards the open position.

8. A wound closure device comprising:

(a) a first opposing member and a second opposing member engaged about a

longitudinal axis, each pivotally moveable around the axis between a closed position and

an open position relative to each other, each of the opposing members having a proximal

edge adjacent the longitudinal axis and a distal edge;

(b) skin penetrating means for anchoring the device;

(c) a pressure bar along each distal edge; and

(d) releasable locking means for biasing or maintaining the device in the closed position.

9. The device of claim 8 wherein each opposing member comprises an end closure member

substantially perpendicular to the distal edge and aligned with an opposing end closure

member.

10. The device of claim 8 wherein the skin penetrating means comprises a plurality of needles

disposed along each pressure bar.



11. The device of claim 10 wherein the needles are of sufficient length to penetrate the skin

and pierce underlying tissue.

1 . The device of claim 10 or wherein the needles are curved, with a radius of curvature

substantially similar to a radius of curvature of the opposing members.

13. The device of claim 8 wherein the two opposing members frictionally engage each other

to remain in a closed position.

14. The device of claim 13 wherein the frictional engagement is enhanced by a plurality of

longitudinal ridges on one or both of the opposing member bearing surfaces.

15. The device of claim 8 wherein the releasable locking means comprising a one-way

cylindrical bearing disposed between the two opposing members, and a longitudinal pin

disposed within the bearing, wherein the one-way bearing rotates with one opposing

member, and the pin rotates with the other opposing member, and wherein the pin

comprises an engagement section which engages the bearing to rotate freely in one

direction but not the other direction, and a reduced diameter section where the pin freely

rotates in either direction, and the pin is moveable longitudinally to slide the reduced

diameter section into and out of the bearing.

16. The device of claim 15 wherein the device comprises two releasable locking means, one at

either end of the device.
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