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(57) Abstract: The invention provides devices, systems and methods for clamping arteries which are useful in reducing or abolish-
ing blood flow in an artery, and may be used to control hemorrhage flowing a caesarian delivery. A clamping device embodying

& features of the invention includes a pair of clamping members with opposed pressure-applying members having facing pressure-ap-

& plying surfaces, at least one of which is a yieldable pressure-applying surface. The yieldable pressure-applying surface is preferably
resilient. The clamping members are configured to adjust the distance between pressure-applying surfaces, and a blood flow sen-
sor is disposed on at least one of the pressure-applying members to aid in locating the target artery and also to monitor blood flow
through the artery. The clamping device is particularly suitable for occluding uterine arteries by compressing the broad ligament
which contains the uterine artery and which is connected to the patient’s uterus with the arterial clamp.
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VASCULAR CLAMP FOR CAESARIAN SECTION

FIELD OF THE INVENTION

[0001] The invention relates generally to the field of treatment of diseases and
conditions by the regulation of blood flow in blood vessels. In particular, the
invention is directed to the treatment of uterine hemorrhage by reducing blood flow in

a uterine artery.

BACKGROUND OF THE INVENTION

[0002] Delivery of a baby is followed by separation of the placenta from the
uterine wall, usually resuiting in a significant loss of blood. Fortunately, the uterus is
resistant to anoxic damage caused by reduced blood flow. For example, uterine
muscle is typically poorly perfused during labor coniractions, yet typically suffers no
lasting ill effects from this situation. However, hemorrhage from the uterus following
delivery may cause loss of a significant fraction of the mother's blood if it is not
stopped quickly. Blood loss from prolonged hemorrhage following delivery presents
a serious threat to the life and health of the mother.

[0003] The muscular contractions and hormonal changes accompanying vaginal
delivery promote rapid cessation of post-partum hemorrhage. However, caesarian
delivery is typically not accompanied by such contractions and hormonal changes,
and also entails physical injury to the uterus additional to that caused by placental
separation. Delivery by caesarian section is thus often accompanied by hemorrhage
from the placental attachment site and from the uterine incision required for delivery
of the infant. Medical intervention is typically required to reduce blood loss following

caesarian deliveries.
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[0004] The primary blood supply to the uterus, both in the non-gravid uterus and
in the pregnant uterus, is from the uterine arteries. A small communicating artery
arising from each ovarian artery reaches uterus but in gravid and non-gravis states
supplies less than 10% of uterine blood flow. The uterine arteries arise from the
internal iliac arteries and reach the uterus through the base of the broad ligament in
a space that can not be seen from a surgical perspective looking down on the uterus
from within the peritoneal cavity or from a gynecological perspective looking up at
the cervix from the vagina. The uterine arteries are, therefore, not visible.

[0005] Once the uterine arteries reach the uterus, they give rise to a large
ascending branch that supplies the uterus and a smaller descending branch that
supplies the cervix. These branches, in turn, give rise to anterior and posterior
arcuate arteries. Right and lefi anterior arcuate arteries anastomose in the anterior
sagittal midline of the uterus; posterior arcuate arteries, in the posterior sagittal
uterine midline. Consequently, to reduce blood loss following caesarian delivery
from the hysterotomy site and from the placenia attachment site, right and left
uierine arteries must both be occluded.

[0006] Attempts have been made to reduce caesarian delivery blood loss. One
method has been to initiate uterine contractions by administering oxytocin or
oxytocin-like drugs following caesarian delivery. Another method has been blind
clamping of the uterine and ovarian arteries using rubber covered arterial clamps,
which was proposed as early as 1922. Similarly, intestinal clamps have been
applied to the uterus along its right and left lateral borders, across the entire broad
ligament, to minimize caesarian blood loss. Another method includes bilateral
surgical ligation of the internal iliac arteries to diminish hemorrhage following

caesarian delivery. Bilateral surgical ligation of the uterine arteries, or of the
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ascending branches of the uterine arteries, to reduce hemorrhaging has been
performed from abdominal cavity and from transvaginal approaches.
Intravascular balloon occlusion of the aorta and embolic occlusion of the uterine
arteries have also been used to treat caesarian hemorrhage. However, all of
these methods have met with only limited adoption for a variety of reasons.

[0007] For example, many physicians do not possess the training or
equipment necessary to perform catheter-based uterine artery embolization under
radiologic direction. In addition, such treatments are not appropriate in the case of
caesarian hemorrhage, where rapid treatment can be critical and arterial
catheterization may not be practical.

[0008] Location of the uterine arteries in a patient immediately following a
caesarian delivery may be difficult; in addition to being located within the broad
ligament that supports the uterus, the uterine arteries are near or within the
caesarian surgical field, and so are typically covered with blood, amniotic fluid,
and the like which can impede visual identification and medical access following
caesarian section. Rapid identification and location of the uterine arteries is
required in order to prevent unchecked hemorrhage.

[0009] Accordingly, there is need for devices and methods to control blood
flow in blood vessels such as uterine arteries by physicians with little training in a
simple medical setting or environment.

Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not be
taken as an admission that any of the material formed part of the prior art base or
the common general knowledge in the relevant art in Australia on or before the
priority date of the claims herein.

SUMMARY OF THE INVENTION

[0010] In accordance with an aspect of the invention there is provided An arterial
clamping system including:

a) a clamping device for at least partially occluding a target vessel in a
patient's body, including a pair of opposed pressure-applying members
configured to at least partially occlude the target vessel by applying pressure
thereto, with at least one of the pressure-applying members having a floating,
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preSsure-appIying jaw with a continuos pressure applying surface movable
mounted thereto and having a resilient connection between the floating, pressure-
applying jaw and the pressure applying member, the resilient connection being at
least partially surrounded by side walls extending from the continuos pressure
applying surface of the floating, pressure-applying jaw and toward the pressure-
applying member, wherein the side walls have a plurality of slots and the at least
one of the pressure-applying members has a plurality of pins projecting from
lateral edges thereof that are disposed in the slots for guiding movement of said
floating, pressure-applying jaw; and a sensor on at least one of the pressure-
applying jaws fro locating the target vessel, wherein the sensor Is movable
mounted to a distal end of the clamping device; and

b) a sensor controller operatively connected to the sensor and
including a source of power.

[0010a] In accordance with a further aspect of the invention there is
provided a device for treating a female patient's uterus by occluding a uterine
artery thereof including:

a pair of opposed clamping elements;

at least one of the clamping elements having a floating pressure-applying
jaw movable mounted thereto, wherein the jaw includes a continuous pressure-
applying surface and is adapted to at least partially occlude a target uterine artery
by applying pressure thereto;

a resilient connection between the clamping element and the jaw movable
mounted thereto, the resilient connection being at least partially surrounded by
side walls extending between the continuous pressure-applying surface of the
floating pressure-applying jaw and one of the opposed clamping elements;

a guide assembly coupled with the floating pressure-applying jaw for
guiding movement of the floating pressure-applying jaw toward and away from
the at least one of the opposed clamping elements; and

a blood flow sensor disposed on at least one of the pressure applying jaws
for locating the target uterine artery to be clamped, wherein the blood flow sensor
is attached to the floating pressure-applying jaw for moving with the floating

pressure-applying jaw.
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[0010b] In accordance with a still further aspect of the invention there is
provided a device for treating a female patient's uterus after caesarean section by
occluding the patient’s uterine artery including:

a pair of opposed clamping elements having pressure-applying jaws
configured to at least partially occlude a target uterine artery by applying pressure
thereto;

at least one of the pressure-applying jaws being a floating jaw movably
mounted to one of the clamping elements and having a resilient connection with
the one of the clamping elements; and

a blood flow sensor disposed on at least one of the pressure applying jaws
for locating the target uterine artery to be clamped, wherein the floating jaw has
side walls extending from a clamping surface thereof, the side walls being
slidable over lateral edges of the one of the clamping elements.

[0010c] In accordance with a still further aspect of the present invention,
there is provided a clamping device for occluding a target vessel including:

a pair of opposed pressure-applying members;

at least one of said pressure-applying members having a distal end
including a yieldable pressure-applying surface;

a guide assembly coupled with the at least one of said pressure-applying
members for guiding movement of said yieldable pressure-applying surface
toward and away from the at least one of said pressure applying members.

[0010d] As used herein the terms "yieldable" and "resilient" or words of
similar import refer to being yieldable or resilient under the conditions of use. The
invention is particularly suitable for occluding a patient's uterine artery after a
caesarian delivery.

[0011] The pressure-applying surfaces yield with pressure upon contact
with tissue, so that the surface moves, or is deformed, or compresses upon
contact with tissue and application of pressure to tissue. Such surfaces may be
resilient, in that they at least partially recover their original configuration or
position following release of pressure. The pressure-applying surface or surfaces
attached to the pressure-applying members of the clamping device can be

pressed against the target vessel such as a uterine artery to be occluded or
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against a tissue bundle containing the target vessel to be occluded in order to
partially or completely stop blood flow through the target vessel. The procedure
and the instruments for such procedure are suitable for occluding an artery such
as a uterine artery to prevent or at least minimize blood loss during a surgical
procedure. The procedure is particularly suitable to partially or completely occlude
a female patient's uterine or ovarian artery during a caesarian delivery.

[0012] In one embodiment of the invention, at least one of the
pressure-applying surfaces is provided with a sensor to locate the blood
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[0013] The yieldably (e.g., movably, compressibly, or otherwise giving in
response to pressure) and preferably resiliently mounted pressure-applying surface
can be applied to tissue to facilitate location of a blood vessel to be occluded without
applying a significant clamping force on the blood vessel which can significantly
affect blood flow through the blood vessel. Once the blood vessel is located by a
sensor on the one or more pressure-applying surfaces, more pressure may be
‘applied to the one or more pressure-applying surfaces to partially or totally occlude
the blood vessel. The distance between the opposed pressure-applying members is
adjustable, by, for example, the pressure-applying members being connected by a
pivot and able to rotate around it effective to apply adequate pressure to tissue.
[0014] The pressure-applying surfaces may themselves be yieldable or resilient
surfaces. In addition, or alternatively, the pressure-applying surfaces may be joined
with the pressure-applying members by a yieldable connection, preferably configured
to allow transverse motion of the pressure-applying surface with respect to its
supporting pressure-applying member. In preferred embodiments, the yieldable
connection joining the pressure-applying surfaces with the pressure-applying
members comprises a resilient connection. In this way, the pressure-applying
surfaces provide a floating jaw attached to the pressure-applying members by a
yieldable, and preferably resilient, connection. Such a floating jaw is configured fo
engage tissue and to lightly contact tissue with minimal pressure to locate the blood
vessel, and, upon application of greater amounts of force that more fully compress
the yieldable or resilient connection, to apply pressure to tissue sufficient to occlude
a blood vessel within or adjacent the contacted tissue.

[0015] The sensors suitable for use with the clamping devices of the invention are

preferably blood flow sensors, more preferably Doppler ultrasound blood flow
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sensors, and may be a sensor/transducer. A Doppler sensor may provide audible
identification of an artery; for example, a Doppler sensor with a sensor controller
having a speaker may provide audible identification of the uterine arteries through
the broad ligament without the need for tissue dissection in the broad ligament and
visual identification of the blood vessel. The sensor may be a sensor/transducer
including a source of energy, or may be a passive sensor, responding to energy
supplied externally of the sensor.

[0016] Each of the pressure applying members of the clamping device embodying
features of the invention preferably has a handle which are pivotally connected. The
proximal ends of the handles may include a locking mechanism such as ratcheting
mechanisms to lock the pressure applying members in a closed or partially closed
condition. Preferably, the locking mechanism is releasable so at the completion of
the procedure the clamping device may be removed from the patient.

[0047] An arterial clamp embodying features of the invention is useful for sensing
the location of a uterine artery within or adjacent the broad ligament secured to the
uterus, and is useful io compress and occlude a uierine artery within the broad
ligament.

[0018] One method of occluding an artery comprises clamping the artery effective
to compress it so that blood flow through the vessel is reduced, or is abolished.
Arterial occlusion is temporary, being relieved after removal of the device, and may
be partial or complete.

[0019] A controller may be provided for the blood flow sensor to aid in detecting
the location of a uterine artery, by generating a signal related to the output of the
sensor that can be readily used by an operator. The sensor controller may also

include an energy source for the blood flow sensor, such as a source of ultrasound
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energy, electrical energy, or electromagnetic energy. The energy may be directly
provided by the energy source or may be provided by the sensor with the aid of
the energy source.

[0020] Utilization of the clamping device having features of the invention to
occlude a uterine artery following a caesarian delivery can prevent excessive
blood loss and importantly with such prevention of blood loss, allows increased
time for improved suturing of the uterus. For example, a two-or three-layer
surgical closure can be performed without the worries of excessive bleeding. This
can affect better closure with less complication from incisions or scarring of the
uterus which can lead to abortions or uterine rupture during future pregnancies.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof.”

[0021] The devices, systems and methods embodying features of the
invention may be effectively used with little or no training. These and other
advantages of the invention will become more apparent from the following
detailed description of the invention when taken in conjunction with the
accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure1 is a plan view of a blood vessel occluding system including
an arterial clamp embodying features of the invention which is disposed in an
open configuration.

[0023] Figure 2A is a fragmentary sectional view of a distal portion of an
arterial clamp embodying features of the invention having a pressure-applying
member with an "O"-ring providing resiliency.

[0024] Figure 2B is a fragmentary sectional view of a distal portion of an
arterial clamp embodying features of the invention having a pressure-applying

member with a plurality of springs providing resiliency.
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[0025] Figure 2C is a fragmentary sectional view of a distal portion of an arterial
clamp embodying features of the invention having a pressure applying member with
a flexible bladder to provide resiliency.

[0026] Figure 2D is a fragmentary sectional view of a distal portion of an arterial
clamp embodying features of the invention having a pressure applying member with
an elastic layer providing resiliency.

[0027] Figure 3 is a perspective view of an angled distal portion of an arterial
clamp embodying features of the invention disposed in an open configuration.

[0028] Figure 4 is a transverse cross-sectional view of one jaw of the angled
distal portion of the clamping device of Figure 3 taken at line 4-4.

[0029] Figure 5 is schematic diagram of a reproductive system of a human female
including major uterine arteries providing blood flow to the uierus showing the

deployment of the arterial clamp shown in Fig. 1 in a female patient’s anatomy.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Figures 1-4 show a uterine artery-occluding system 10 embodying
features of the invention which includes a clamping device 12 having clamping
members 14, handles 16 with finger grips 17, pressure-applying members 18 and
floating jaws 20 on the pressure applying members. Floating jaws 20 have serrated
pressure-applying surfaces 22 configured to engage and hold onto tissue when
floating jaws 20 are pressed into a patient’s body tissue. Clamping members 14 are
pivotally interconnected at pivot point 24. Clamping members 14 are preferably
formed with the handles 16 integral with the pressure applying members 18. The
operator squeezes the finger grips 17 on clamping members 14 to cause pressure-
applying surfaces 22 to approach one another as the separation distance between

pressure-applying members 18 decreases. Each of the handles 16 are provided
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with releasable locking mechanism 26 including two complementary ratchet portions
27 configured to engage with each other and to lock clamping members 14 in a
closed or partially closed position, maintaining pressure or force between pressure-
applying surfaces 22 while the locking mechanism 26 is engaged.

[0031] Floating jaws 20 are movably joined to pressure-applying members 18 by
a connection 28. Connection 28 is a yieldable connection, so that pressure on
pressure-applying surface 22, or contact with a surface by pressure-applying surface
22 while pressure is applied by pressure-applying members 18, causes motion of a
floating jaw 20 with respect to a pressure-applying member 18 as shown by the
arrows 19. Thus, closure of pressure-applying surface 22 onto a surface affected by
movement of pressure-applying arm 18 causes motion of a floating jaw 20 with
respect to a pressure-applying member 18 so as to decrease the separation
between the pressure-applying surface 22 and the pressure-applying member 18. A
yieldable connection 28 provides a floating jaw 20 with a range of motion with
respect to a pressure-applying member 18 with little or no pressure on tissue initially
but increased pressure as the floating jaw 20 collapses onto the pressure applying
member 18.

[0032] Yieldable connection 28 is preferably a resilient connection, so that
compression is met with some resistance to such compression and so connection 28
at least partially resumes its original configuration upon release of compression. For
example, where connection 28 is a resilient connection, movement of floating jaw 20
with respect to a pressure-applying member 18 'is met with resistance when
movement of pressure-applying arm 18 presses pressure-applying surface 22 onto
tissue. A resilient connection may be provided by a spring, rubber, elastic, or other

resilient material or members disposed between a pressure-applying member 18 and
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floating jaw 20. Following relief of pressure on a resilient yieldable connection 28,
the separation between the pressure-applying surface 22 and the pressure-applying
member 18 increases.

[0033] Artery-occluding system 10 also includes a sensor 30 and an energy
transmitting member such as an electrical conductor 32. The conductor 32 has a
proximal connector 34 configured to operably engage with sensor controller 36.
Sensor 30 is configured to sense the location a uterine artery and generate a signal
representing the location which provides an output representing the signal received
from the sensor. Preferably, the sensor 30 also to determine the degree of occlusion
of the uterine artery after clamping the device on the artery or tissue containing the
artery and generates a signal representing such occlusion which the controller 36
also converts to an output representative thereof. Sensor 30, preferably a Doppler
ultrasound sensor, is connected via an electrical conductor 32 and connector 34
configured to readily engage and disengage with a Doppler ultrasound controller 36.
Alternatively, the proximal end of cable 32 may directly and permanently engage or
be secured to the sensor control device 36 without having a connector 34.

[0034] The sensor controller 36 is configured to supply power required by a
sensor 30, fo receive signals from a sensor 30, and to provide sensor signal oufputs
for interpretation by an operator. In addition, sensor controller 36 may produce
signals or signal energy used for sensing (e.g., ultrasound or infra-red signais or
energy) or may provide energy to a sensor 30 to aid the sensor 30 to produce or
provide signals or signal energy.

[0035] Figures 2A-2D illustrate a distal part of system 10 embodying features of
the invention, showing a variety of resilient members 29. Yieldable connection 28

joins pressure-applying surface 22 to pressure-applying member 18, and is

10
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preferably configured to allow a range of movement of the pressure-applying surface
22 with respect to its supporting pressure-applying member 18 as indicated by the
arrows 19. Light pressure between a pressure-applying surface 22 and body tissue,
such as a uterine artery or tissue adjacent or surrounding a uterine artery, is effective
to cause movement of a pressure-applying surface 22 towards a pressure-applying
member 18 as a pressure-applying member 18 urges a pressure-applying surface 22
towards body tissue. However, yieldable connection 28 compresses under such
light pressure, at least during an initial application of light pressure, allowing
pressure-applying surface 22 to move relative to pressure-applying member 18 so as
to contact tissue without substantially compressing the tissue. The vyieldable,
preferably resilient connection 28 is thus effective to maintain contact between the
pressure-applying surface 22 and tissue under the influence of light pressure from
the pressure-applying members 18 without substantially compressing the artery and
without occluding it. This allows for utilization of the sensor to locate the blood
véssel without interfering with blood flow through the blood vessel.

[0035] In the embodimenis illustrated in Figures 2A-2D, a yieldable connection 28
includes a resilient member 29 compressed between pressure-applying member 18
and floating jaw 20. In preferred embodiments, for example, as illustrated in Figure
2A, resilient member 29 comprises an “O"-ring compressed between a pressure-
applying member 18 and a floating jaw 20. Floating jaw 20 is consirained fo move
substantially only in a single direction by pins 31 attached to pressure-applying
member 18 and disposed within slots 33 in lateral sides 35 of floating jaw 20.
Alternatively, a pressure-applying member 18 may have slots configured to receive

pins attached to a floating jaw 20.

11
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[0037] As illustrated in Figure 2B, resilient members 29 are springs, which may
be coil springs, leaf springs, or other springs. In Figure 2C, the resilient member 29
shown is a flexible bladder filled with a compressible fluid such as a gas. In Figure
2D, the resilient member 29 shown is a layer formed of resilient material placed
between pressure-applying member 18 and floating jaw 20. A resilient member 29
can be formed of an elastic material (e.g., silicone rubber, latex, or other rubber or
elastomer, a sponge or spongy material).

[0038] In the embodiments shown in Figure 2A-2D, floating jaws 20 meet
pressure-applying members 18 at an angle, unlike the embodiment shown in Fig. 1
where floating jaws 20 meet pressure-applying members 18 to form approximately
straight angles. It will be understood that floating jaws 20 may be disposed at any
suitable angle with respect to pressure-applying members 18 to accommodate a
variety of anatomical conditions.

[0032] A sensor 30 may be disposed on a pressure-applying member 18, a
floating jaw 20, or other distal portion of a clamping device 12. The sensor 30 for
locating a uterine artery, including a sensor for measuring blood flow, is preferably
disposed in or on a pressure-applying member 18, and is preferably mounted to the
face of a pressure-applying surface 22, such as the face of a floating jaw 20 of a
clamping device 12. Clamping devices 12 embodying features of the invention may
include more than one blood flow sensor 30.

[0040] By providing a blood flow sensor on at least one of the yieldable, and
preferably resilient pressure application members, they may be disposed proximate
to the patient’s uterine artery to maintain contact with the tissue without occluding the
artery, and thereby readily sense blood flow therein and thereby locate the uterine

artery. Increasing pressure on pressure-applying surface 22 provides better contact

12
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between sensor 30 and tissue, but within the compressible range of motion of
yieldable connection 28, the partial clamping of the device does not occlude a blood
vessel. Further increase in pressure on pressure-applying surface 22, so as to
compress yieldable connection 28 near to or to its limit of motion, is effective to apply
the pressure directly to the tissue and so to occlude an artery within or near the
contacted tissue. The sensor 30 may then be employed to monitor blood flow
through the artery and thereby follow the occlusion of the artery.

[0041] A clamping member 14 is preferably configured for manipulating a
pressure-applying member 18. In some embodiments of devices 12 having features
of the invention, a pressure-applying member 18 is attached to a connecting portion
that is configured so that a pressure-applying member 18 or pressure-applying
surface 22 may be placed on or adjacent an artery while a handle 16 is distally
disposed and available for use by an operator.

[0042] Bringing clamping members 14 together is effeclive to dispose pressure-
applying surfaces 22 in close apposition to one another. In this way, with clamping
device 12 placed near to tissue, pressure-applying surfaces 22 may be placed in
contact with tissue disposed between floating jaws 20, such as a portion of a uierine
artery. Partial or complete closure of floating jaws 20 causes pressure-applying
surfaces 22 to apply pressure or force io the tissue effective to compress a uterine
artery or the tissue around a uterine artery; the application of pressure or force is
effective to compress the tissue and to occlude the uterine artery, reducing or
abolishing blood flow through at least a portion of the uterine artery.

[0043] A sensor 30 disposed on a floating jaw 20 is also shown in each of Figures
2A-2D, with a portion of conductor 32 shown disposed along a portion of a pressure-

applying member 18. A sensor 30 is effective to detect the location of an artery

13
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within tissue adjacent a pressure-applying surface 22. For example, placement of a
sensor 30 disposed on or in a pressure-applying surface 22 onto a broad ligament
containing a uterine artery is effective to detect blood flow in a uterine artery. Such
detection is useful in order to direct the placement of a system 10 so as to ensure
that body tissue including a portion of a uterine artery to be occluded is between
floating jaws 20 of the clamping device 12. In preferred methods of use, the uterine
artery and surrounding tissue is disposed between floating jaws 20 and pressure or
force is applied to the tissue by pressure-applying surfaces 22, applying pressure to
the tissue, effective to compress a portion of a uterine artery and to at least partially
occlude the uterine artery. Such compression and resulting occlusion of a uterine
artery is effective to reduce or abolish blood flow in the vessel. Sensor 30, disposed
on floating jaws 20, is effective to sense the reduction or abolition of blood flow in a
compressed uterine artery.

[0044] Figure 3 illusirates in greater detail the distal portion of clamping device 12
having pressure-applying members 18 with floating jaws 20 having pressure-
applying surfaces 22. A sensor 30 is shown disposed on a jaw 20 on the pressure-
applying surface 22, with a distal portion of a cable 32 disposed opposite the
pressure-applying surface 22.

[0045] Figure 4 is a cross-sectional view of a jaw 20, taken through a sensor 30
along line 4-4 of Figure 3 illustrating movement of floating jaw 20 with respect to
pressure-applying surface 22. Such movement is allowed by pin 31 slidably
received within slot 33 in lateral side 35 of floating jaw 20. However, movement of
floating jaw 20 in other directions is constrained by pin 31 slidably received within
slot 33 in [ateral side 35 of floating jaw 20. Resilient member 29 shown in Figure 4 is

an “O’-ring.
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[0046] Sensor 30 is connected with conductor 32 by connection 38, shown in the
figure as a wire. In alternative embodiments, a connection 38 may comprise a
plurality of wires, an optical fiber or fibers, a waveguide, or other connection effective
to carry signals and/or energy or power between a sensor 30, a conductor 32, and a
sensor controller 36. Preferably, connection 38 is a continuation of at least a portion
of conductor 32. Connection 38 is preferably configured to accommodate transverse
movement of sensor 30 disposed within floating jaw 20, and thus is preferably a
flexible or slidable connection. Alternatively, a sensor 30 may be disposed on a
pressure-applying member 18 and a floating jaw 20 configured to permit operation of
sensor 30 through or around pressure-applying surface 22. For example, a floating
jaw 20 may include a portion transparent {o sensing energy, a passage, a window, or
other feature allowing operation of a sensor 30.

[0047] A sensor 30 is termed a passive sensor where it is configured to detect
intrinsic signals indicating the presence of a uterine artery (i.e., a sound sensor, a
pressure sensor, a motion sensor, 2 pH sensor, or other sensor configured to detect
a physical, chemical, electrical, or physiological indication of the location of a uterine
artery). A sensor 30 is an aclive sensor where it is configured to emit a signal, and
fo detect a signal in response 1o, or derived from, the emitied signal. An emitted
signal may be pulsed or continuous. In alternative embodiments, for example where
a sensor 30 senses an optical or electromagnetic signal, conductor 32 may include
an optical fiber, a waveguide, other conduit for carrying energy or signals, or a
combination of these. A sensor 30 is preferably an active sensor.

[0048] A sensor 30 that produces, at least in part, the energy used to produce the
signal sensed by the sensor (i.e., an active sensor) may be called a

sensor/transducer. A sensor/transducer may have a source of ultrasound and an
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ultrasound sensor or a source of infrared radiation and an infrared detector. For
example, an infrared blood-flow sensor is sensitive to electromagnetic energy having
a wavelength of between about 500 nanometers (nm) and about 2000 nm, preferably
between about 700 nm and about 1000 nm.

[0049] A sensor 30 is preferably a Doppler ultrasound sensor. A Doppler
ultrasound sensor operating at ultrasound frequencies less than or equal to about 20
MHz, such as between about 5 MHz and about 20 MHz, preferably between about 6
MHz and about 10 MHz. a typical frequency of about 8 Hz, is suitable for detecting
blood flow in an artery with apparatus embodying features of the invention.

[0050] The operation of a sensor may be aided by an energy source (e.g.,
provided by a sensor controller 36), which may directly provide the energy detected
by the sensor, or which may aid the sensor to provide the energy to be sensed. For
example, an energy source may provide electrical energy which aids an ultrasound
sensor to produce and io detect ulirasound energy (as, e.9., in the MedaSonics®
CardioBeai® Blood Flow Doppler with Integrated Speaker (Cooper Surgical, Inc.,
Trumbuli CT 08611)). Other commercially available Doppler ulirasound sensors
suitable for use in the present invention include the Koven model ES 100X MiniDop
VRP-8 probe (St. Louis, MO) and the DWL/Neuro Scan Medical Systems’ Multi-Dop
B+ system (Sterling, VA).

[0051] When used fo reduce uterine hemorrhage following caesarian section, a
clamping device 12 having features of the invention must close the uterine artery
within the broad ligament and stay in-place to maintain closure of the vessel. In
preferred embodiments, a clamping device 12 having features of the invention is
configured so as to allow an operator to “feel” the broad alignment during placement

to allow contact by the Doppler chip without premature closure of the uterine artery.
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Light pressure of the pressure-applying surfaces 22 onto tissue such as the broad
ligament, allows detection of blood flow in an artery (e.g., the uterine artery) without
occluding it. Resilient connection 28 maintains the light pressure with tissue, and
allows an operator to readily probe multiple locations during detection of a target
artery. The resilient connection 28 aids in audible identification of the uterine artery
within a broad ligament by allowing an operator to press a clamping device 12 into
tissue sufficiently to sense blood flow witho‘ut occluding it.

[0052] Closure of a uterine artery may be partial or total. Sufficient pressure or
force applied to tissue is effective to apply pressure to that tissue and to underlying
tissues and so to compress and to at least partially occlude a uterine artery. An
amount of pressure applied to effect closure of a uterine artery may be between
about 1 pound per square inch (psi) and about 60 psi, and may preferably be
between about 3 psi and about 30 psi. For example, where the pressure-applying
surface has a surface area of about 0.16 square inches (e.g., a surface with
dimensions of about 0.2 inches by about 0.8 inches), the amount of force applied by
an artery occluding device embodying features of the invention is preferably between
about 0.2 pounds and about 10 pounds, and more preferably between aboui 0.6
pounds and about 5 pounds.

[0053] A sensor 30 may detect a uterine artery, or blood flow, or signals related to
the location of a uterine artery or of blood flow, in a particular direction. For example,
a sensor 30 disposed on a pressure-applying surface 22 of a floating jaw 20 may
detect signals from a direction perpendicular o the surface, and so be effective to
locate uterine arteries or detect blood flow opposite the floating jaw 20. Such an
orientation is effective to insure that a uterine artery to be occluded is positioned

opposite a floating jaw 20, and between a pair of floating jaws 20, and so is properly
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placed for occlusion. A sensor 30 may also be configured to detect signals from
directions parallel to a pressure-applying surface 22, or at some other angle with
respect to a pressure-applying surface 22; such configurations are useful, for
example, for directing the movement of a clamping device 12 towards a uterine
artery.

[0054] A clamping device 12 embodying features of the invention may be
configured to lock into a clamping position. Such a locked configuration may be
temporary and releasable, or may be permanent. Clamping devices 12 embodying
features of the invention may have a locking mechanism 26, such as a ratchet,
configured to hold at least one pressure-applying member 18 in a pressure-applying
position. Such locking mechanisms 26 should include a release mechanism
effective to allow the cessation of pressure or force application when desired.

[0055] The apparatus and systems of the present invention are configured for use
within a patieni’s body cavity. The dimensions of a clamping device 12 embodying
features of the invention are chosen to facilitate use within the surgical field afier
caesarian section, so that the clamping device 12 may readily reach, detect and
occlude a uterine artery when manipulated by an operator's hand or hands.
Clamping devices 12 may be of any suitable size consistent with such a preferred
use, and may also be determined in part by the location and dimension of the artery
fo be occluded. For example, a clamping device 12 configured to allow access to
tissue adjacent a uterine artery and to apply pressure or force to the tissue sufficient
to reduce or abolish blood flow in the uterine artery may be between about 1 inch
and about 12 inches in length, preferably between about 3 inches and about 8

inches in length.
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[0056] A sensor is preferably mounted to and oriented perpendicularly to the
pressure-applying surface 22 of a floating jaw 20. For example, a blood flow sensor
may be mounted between about 0.1 inch and about 1 inch from the distal end of a
floating jaw 20, and is preferably mounted about 0.1 inch to about 0.6 inch, more
preferably about 0.3 inch to about 0.5 inch from the distal tip of a floating jaw 20. A
floating jaw 20 may be configured to tightly engage tissue, i.e., may have a tissue
contacting surface 22 that is serrated, scored, roughened, coated with a rough
material including sandpaper, or otherwise configured to grip tissue.

[0057] It will be understood that methods and devices embodying features of the
invention may be used to occlude a variety of arteries; but is particularly suitable for
occluding a uterine artery. Figure 5 illustrates a typical human female reproductive
system, including a uterus 40, vagina 42, right ovary 44, and left ovary 46. Blood is
supplied to the uterus 40 primarily via the right uterine artery 48 and the left uterine
artery 50, and secondarily via the right ovarian artery 52 and the left ovarian artery
34, all of which are supplied by the aorta 56. Uterine arteries 48 and 50 contact the
uterus 40 and pass near io the vaginal fornix 58 and to the uterine cervix 80.

[0038] At least a portion of the uterus 40 is exposed and made accessible to a
physician during caesarian section. The uterine arteries 48 and 50 may also be
made accessible by the surgical procedures necessary for performing a caesarian
delivery. However, even if this does not occur during the normal course of the
operation, the uterine arteries 48 and 50 may readily be accessed by a physician
during or following delivery of the baby and placenta. Tissue near a uterine artery,
such as broad ligament tissue, or, where the broad ligament has been dissected
away over at least a portion of a uterine artery, uterine artery tissue, may be

contacted by a clamping device having features of the invention when a physician

19



WO 2004/071275 PCT/US2004/003023

determines that occlusion of one or both uterine arteries is indicated. Typically, this
would not occur until after delivery of the baby and the clamping of the umbilical
cord, and, in most cases, also after cutting the umbilical cord and after separation of
the placenta from the uterus.

[0059] Placement of a pressure-applying surface 22 having a sensor 30, such as
a pressure-applying surface 22 of a floating jaw 20 with a sensor 30 such as a
Doppler ultrasound sensor, against tissue allows a physician to locate a uterine
artery 48 or 50 despite visual obstructions such as blood, amniotic fluid, tissue, and
other impediments to locating an artery in a caesarian-section patient. A yieldable
connection 28 (preferably a resilient yieldable connection 28) joining floating jaw 20
with a pressure-applying member 18 allows for initially light contact between a
device 12 and tissue. A yieldable connection 28 allows effective contaci between
sensor 30 and tissue to provide blood flow sensing without substantial occlusion of
blood flow. Thus, pressure applied by pressure-applying members 18 keeps
pressure-applying surface 22 and sensor 30 in contact with tissue without applying
such pressure as would occlude a uterine artery 48 or 50 during the location
process. It may be desirable to observe blood flow in a uterine artery 48 or 50 for 2
period of time before occluding it. For example, blood flow in a uterine artery 48 or
50 may be observed with a sensor 30 at different locations to determine an optimal
location for occlusion; in addition, such observation of blood flow over time may allow
a physician to determine when to begin applying pressure to occlude a uterine artery
48 or 50, or whether such occlusion is indicated under the circumstances.
Application of increased pressure is effective to occlude a uterine artery 48 or 50.

Increased pressure applied by pressure-applying members 18 is effective to
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compress a yieldable connection 28 near to or to the limit of its range of motion and
to compress tissue in contact with a pressure-applying surface 22.

[0060] Thus, a method of occluding a blood vessel includes contacting tissue with
a pressure-applying surface 22 of a device 12 and locating a blood vessel within or
adjacent the tissue without occluding blood flow in it, and compressing the tissue
with the device 12 to occlude blood flow in the blood vessel.

[0061] A method of occluding an artery of a patient includes contacting tissue
near an artery, without substantially compressing the artery, with a pressure-applying
surface of a clamping device having features of the invention. A sensor disposed on
the pressure-applying surface is effective to locate the artery. At least a portion of
the artery may be compressed by applying pressure to tissue adjacent the artery
with the clamping device. Compressing an artery may include grasping tissue near
to an artery, and may include compressing tissue surrounding an artery effeciive to
compress the artery. Compressing tissue with an artery occluding device is
preferably effective to compress the artery so that blood flow through the artery is
reduced, or is abolished. A method of occluding a uterine ariery would thus
comprise this method, where the artery was a uterine artery.

[0062] Figure 5 illustrates the use of an artery occluding device embodying
features of the invention to occlude blood flow in a uterine artery 48. A clamping
device 12 with clamping members 14, handles 16, and pressure-applying members
18 with floating jaws 20 having pressure-applying surfaces 22 is shown in place
within the abdominal cavity of a patient after delivery of an infant by caesarian
section. A clamping device 12 is shown with floating jaws 20 having pressure-
applying surfaces 22 disposed on tissue around a uterine artery 48. The clamping

device 12 also includes a sensor 30 on a floating jaw 20 facing the patient’s tissue,

21



WO 2004/071275 PCT/US2004/003023

and communicating with other parts of the system 10 (not shown in Figure 5) via a
cable 32.

[0063] Compressing a uterine artery may be accomplished by compressing a
portion of the broad ligament around a portion of a uterine artery 48 or 50, or by
compression via direct contact between the device and a uterine artery 48 or 50. As
illustrated in Figure 5, sensor 30 is effective to detect the presence of and to locate
uterine artery 48, and to detect blood flow in the artery 48. Sensor 30 is used to aid
in positioning floating jaws 20 and pressure-applying surfaces 22 to best surround
uterine artery 48. Closing floating jaws 20 presses pressure-applying surfaces 22
more strongly into tissue, compressing uterine a‘rtery 48 effective to occlude uterine
artery 48. Sensor 30 may be used to detect the resulting reduction or abolition of
blood flow in uterine artery 48, and to adjust the amount of pressure or force used in
order to provide the desired amount of reduction in blood flow and to confirm
abolition of blood flow if desired. Locking mechanism 26 is used to maintain the
desired amount of pressure or force on the tissue for & desired amount of time.
Blood flow in the lefi uterine artery 50 may be similarly occluded, by the same
clamping device 12 (after release of the occlusion of the right uterine artery 48) or by
a different clamping device 12 (thus allowing simultaneous clamping and occlusion
of both uterine arteries).

[0084] Clamping devices 12 embodying features of the invention may be made
from any suitable material or combination of materials, including metals such as
stainless steel and shape memory alloys such as nickel titanium alloys, plastics,
ceramics, and other materials known in the art. Biocompatible polymers, such as for
example, polycarbonate, polysulfone, polyester, polyacetal, and other polymers may

be particularly suitable for embodiments of the invention. The device or system may
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be designed for single use (disposable) or may be sterilizable and capable of
multiple use.

[0065] While particular forms of the invention have been illustrated and described,
it will be apparent that various modifications can be made without departing from the
spirit and scope of the invention. Accordingly, it is not intended that the invention be
limited to the specific embodiments illustrated. It is therefore intended that this
invention be defined by the scope of the appended claims as broadly as the prior art
will permit, and in view of the specification if need be. Moreover, those skilled in the
art will recognize that features shown in one embodiment may be utilized in other

n 1] n “

embodiments. Terms such a “element”, “member”, “device”, “sections”, “portion”,
“section”, “steps” and words of similar import when used herein shall not be
construed as invoking the provisions of 35 U.S.C. §112(6) unless the following

claims expressly use the ierms “means” or “step” followed by a particular function

without specific structure or action.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An arterial clamping system including:

a) a clamping device for at least partially occluding a target vessel in a

19 Nov 2009

patient's body, including a pair of opposed pressure-applying members
5 configured to at least partially occlude the target vessel by applying pressure
thereto, with at least one of the pressure-applying members having a floating,
pressure-applying jaw with a continuous pressure applying surface movable
mountied thereto and having a resilient connection between the floating, pressure-

applying jaw and the pressure applying member, the resilient connection being at

2004210661

10 least partially surrounded by side walls extending from the continuos pressure
applying surface of the floating, pressure-applying jaw and toward the pressure-
applying member, wherein the side walls have a plurality of slots and the at least
one of the pressure-applying members has a plurality of pins projecting from
lateral edges thereof that are disposed in the slots for guiding movement of said

15 floating, pressure-applying jaw; and a sensor on at least one of the pressure-
applying jaws fro locating the target vessel, wherein the sensor Is movable
mounted to a distal nd of the clamping device; and

b) a sensor controller operatively connected to the sensor and

including a source of power.

20 2. The systam of claim 1, wherein the sensor includes a Doppler ultrasound

sensor and the sensor controller includes a Doppler uitrasound controller.

3 A clamping device including:
a) pressure-applying means for applying pressure to tissue;
b} a floating tissue-contacting means movable mounted to the
25 pressure applying means, the floaiing tissue-contacting means having a
continuous pressure applying surface;
c) a resilient connection between the floating tissue-contacting means
and the pressure-applying means, the resilient connection being at least partially

surrounded by side walls extending from the confinuous pressure applying
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surface of the floating tissue-contacting means and toward the pressure applying
means;

d) sensor means disposed on the tissus-contacting means for locating
an artery 1o be clamped, wherein the sensor means is moveable with the tissue-

contacting means.

4, The clamping device of claim 3, wherein the sensor means includes
sensor-transducer means for providing signals and for sensing reflected signals
for locating a uterine artery to facilitate location of the uterine artery to be

occluded.

5. A device for treating a female patient’s uterus by occluding a uterine artery
thereof including:

a pair of opposed clamping elements;

at least one of the clamping elements having a floating pressure-applying
jaw movable mounted thereto, wherein the jaw includes a continuous pressure-
applying surface and is adapted to at least partially occlude a target uterine artery
by applying pressure thereto;

a resilient connection between the clamping element and the jaw movable
mounted thereto, the resilient connection being at least partially surrounded by
side walls extending between the continuous pressure-applying surface of the
floating pressure-applying jaw and one of the opposed clamping elements;

a guide assembly coupled with the floating pressure-applying jaw for
guiding movement of the floating pressure-applying jaw foward and away from
the at least one of the opposed clamping elements; and

a blood flow sensor disposed on at least one of the pressure applying jaws
for locating the target uterine artery to be clamped, wherein the blood flow sensor
is attached to the floating pressure-applying jaw for moving with the floating

pressure-applying jaw.

6. The clamping device of claim 5, wherein the blood flow sensor includes
sensor/ftransducer means for providing signals and for sensing reflected signals

for locating the target uterine artery.
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7. The clamping device of claim 5 or claim 6 wherein each of the clamping

elements has an elongated handle.

8. The clamping device of claim 7 wherein the handies of the clamping
elements are pivotally secured together.

9. A device for treating a female patient's uterus after caesarean section by
occluding the patient’s uterine artery including:

a pair of opposed clamping elements having pressure-applying jaws
configured to at least partially occluds a target uterine artery by applying pressure
thereto;

at least one of the pressure-applying jaws being a floating jaw movably
mounted to one of the clamping elements and having a resilient connection with
the one of the clamping elements; and

a blood flow sensor disposed on at least one of the pressure applying jaws
for locating the target uterine artery to be clamped, wherein the floating jaw has
side walls extending from a clamping surface thereof, the side walls being

slidable over lateral edges of the one of the ¢clamping elements.

10.  The system of claim 1 or claim 2, wherein the side walls extend from the
pressure-applying surface of the floating, pressure applying jaw and are slidable

over the lateral edges of the pressure-applying member.

11. The system of claim 10, wherein the opposing side walls of the floating,
pressure-applying jaw have slots that receive pins projecting from the lateral

edges of the at least one of the pressure-applying members.

12,  The system of claim 11, wherein the pins are slideable in the slots for
guiding movement of the continuos pressure applying surface of the floating,
pressure-applying jaw toward and away from the at least one of the pressure-

applying members.

13, The system of ¢laim 1 or claim 2, wherein the sensor is flexibly connected

with the clamping device for being movable relative to a distal end of the
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clamping device.

14.  The system of claim 1 or claim 2, wherein the sensor is connected with the
pressure-applying jaw for moving with the pressure-applying jaw and is movable

relative to a distal end of the at least one of the pressure-applying members.

18.  The device of claim 5, whetein the floating pressure-applying jaw includes
opposing side walls extending from the continucus pressure-applying surface

thereof to lateral edges of the at least one of the clamping elements.

16. The device of claim 15, wherein the opposing side walls of the floating
pressure-applying jaw have slots that receive pins projecting from the lateral

edges of the at least one of the clamping elements.

17.  The system of claim 16, wherein the pins are sliideable in the slots for
guiding movement of the continuous pressure applying surface of the floating
pressure-applying jaw toward and away from the at least one of the clamping

elements,

18.  The system of claim 5, wherein the blood flow sensor is flexibly connected

with the device for being movable relative to a distal end of the device.

19.  The device of claim 9, wherein the opposed side walls of the floating jaw
have slots that receive ping projecting from the lateral edges of the one of the

clamping elements.

20. The device of claim 19, wherein the pins are slideable in the slots for
guiding movement of a continuous pressure applying surface of the floating jaw

toward and away from the one of the ¢lamping elements.

21.  The device of claim 9, wherein the blood flow sensor is connected with the
floating jaw for moving with the floating jaw, and wherein the blood flow sensor is

movable relative to a distal end of the one of the clamping elements.
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22.  The device of claim 9 including:

at least one of said pressure-applying jaws having a distal end including a
vieldable pressure-applying surface;

a guide assembly coupled with the at least one of said pressure-applying
jaws for guiding movement of said yieldable pressure-applying surface toward

and away from the at least one of said pressure applying jaws.

23.  The clamping device as claimed in claim 22, wherein said guide assembly
constraing movement of said yieldable pressure-applying surface in a single
direction relative to the at least one of said pressure applying jaws associated

therewith.

24,  The clamping device as claimad in claim 22 or claim 23, further including a
floating jaw coupled with the at least one of said pressure-applying jaws, wherein

said floating jaw includes said yieldable pressure-applying surface.

25.  The clamping device as claimed in claim 24, wherein said floating jaw is
mounted over an inner face of the at least one of said pressure-applying jaws,
and wherein said floating jaw includes side walls extending from said yieldable
pressure-applying surface toward the at least one of said pressure-applying jaws

associated therewith,

26, The clamping device as claimed in claim 25, wherein each of said side
walls of said floating jaw has slots formed therein, wherein said slots in each of
said side walls are parallel with one another and extend away from said yieldable

pressure-applying surface.

27.  The clamping device as claimed in claim 268, wherein the at least one of
said pressure-applying jaws includes lateral edges having pins projecting
therefrom, and wherein said pins are disposed in said slots in each of said side
walls of said floating jaw for guiding movement of said floating jaw in a single

direction.
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28. The clamping device as claimed in claim 27, wherein said side walls
extending from said pressure-applying surface of said floating jaw are slideable

over said lateral edges of said pressure-applying member.

29.  The clamping device as claimed in claim 27 or claim 28 wherein said pins
are slideable in said slots for guiding movement of said floating jaw relative to the

at least one of said pressure-applying jaws.

30.  The clamping device as claimed in claim 26, wherein said slots extend
along axes that are substantially perpendicular to said yieldable pressure-

applying surface of said floating jaw,

31. The clamping device as claimed in claim 25, further including a resilient
connection between said floating jaw and the inner face of the at least one of said
pressure-applying jaws for normally urging said vield able pressure-applying
surface away from the inner face of the at least one of said opposed pressure-

applying jaws.

32. The clamping device as c¢laimed in claim 31, wherein said resilient
connection is a resilient connection selected from the group consisting of springs,
O-rings, hydraulic connections, compressed gas connections, and resilient

members.

33. The clamping device as claimed in claim 22, further including a sensor on

at least one of said opposed pressure-applying jaws for locating a vessel.

34,  The clamping device as claimed in claim 33, wherein said yieldable
pressure-applying surface defines an area, and wherein said sensor is

substantially centered within the area of said yieldable pressure-applying surface.

35.  The clamping device as claimed in claim 25, wherein the inner face of the
at least one of said pressure-applying jaws has a recess formed therein, and

wherein a pari of said resilient connection is seated within the recess.
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36. The clamping device of claim 22, wherein each of said pressure-applying
jaws has a floating jaw movable mounted thereto with a resilient connection

hetween said pressure applying jaw and said floating jaw.

37.  The clamping device of claim 33, wherein said sensor is a Doppler

ultrasound sensor.

38.  An arterial clamping system according to ¢laim 1, or a device according to
any one of claim 5, claim 9 or claim 22, and substantially as herein described with

reference to the accompanying drawings.

VASCULAR CONTROL SYSTEMS INC

WATERMARK PATENT & TRADE MARK ATTORNEYS

F256955AL100
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