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SURGICAL CILOSURE DEVICE AND RETATED METHOD
Background of the Invention

This invention relates to a surgical closure device.
This invention also relates to a surgical method utilizing the
closure device. The closure device and associated method are
particularly useful in laparoscopic surgery.

Laparoscopy involves the piercing of the abdominal
wall and the insertion of a tubular port member through the
perforation. Various instruments may be inserted through the
tubular member to perform surgical operations inside the
abdomen.

Generally, upon the disposition of the first tubular
‘member so that it traverses the abdominal wall, the abdominal
cavity is pressurized to distend the abdominal wall and pro-
vide a safety region between the wall and the body organs
inside the cavity. Moreover, several perforations are made.
One perforation receives a laparoscope which enables visual
monitoring of organs and surgical activities inside the
abdominal cavity. Other perforations serve for the insertion
of different surgical instruments.

Laparoscopic surgery provides several advantages
over conventional incision-based surgery. The laparoscopic
perforations, in being substantially smaller than the inci-
sions made during conventional operations, are less traumatic
to the patient and provide for an accelerated recovery and
convalescence. Hospital stays are minimized. Concomitantly,
laparoscopic surgery is less time consuming and less expensive
than conventional surgery for correcting the same problems.

Laparoscopic surgery frequently requires the
temporary closure of perforations in internal organs and body
tissues. Such closure is in some cases especially critical.
For example, if a gall bladder is inadvertantly perforated
during dissection thereof in laparoscopic surgery, bile is
spilled, which potentially contaminates other organs and tis-
sues in the abdominal cavity. It is imperative, therefore,
that the perforation be closed immediately.

In a conventional technique for closing a perforated
gall bladder, a clamp is attached to the organ at the perfora-
tion. A loop is then passed around the clamp and drawn shut.
This technique is difficult and time consuming. Moreover, a
significant quantity of bile generally escapes the bladder
into the abdomen. -
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Another kind of surgery requiring closure of per-
forations in internal organs arises where a patient is a vic-
tim of violence. In such cases of trauma, it frequently hap-
pens that many organs have perforations through which blood
flows at a high rate into the patient’s abdominal cavity. The
closure of such wounds must be effectuated as quickly and
efficiently as possible to minimize blood loss and trauma to

the patient.

Objects of the Invention
An object of the present invention is to provide a

closure device which facilitates surgical closure operations.
Another object of the present invention is to pro-

vide such a closure device which can be used in laparoscopic

surgery to close wounds or perforations in internal body

organs of a patient.
Another, more particular, object of the present

invention is to provide such a closure device which is easy
and quick to use.

A further object of the present invention is to pro-
vide a new method for at least temporarily closing openings in

a patient’s internal body organs and tissues.
These and other objects of the present invention

will be apparent from the detailed descriptions and illustra-

tions herein.

Summary of the Invention
A surgical closure device comprises, in accordance

with the present invention, an elongate rod-like member having
a distal end and a proximal end and a balloon element attached
in a collapsed configuration to the rod-like member at the
distal end, the balloon element being expandable from the col-
lapsed configuration to an expanded configuration. An infla-

tion component is operatively connected to the balloon element

‘for expanding the balloon element from the collapsed con-
figuration to the expanded configuration, while a clamping
element is attached to the rod-like member at the distal end
thereof proximally of the palloon element for cooperating with
the balloon element to clamp organic tissues in a sandwiching
type configuration upon expansion of the balloon element by

the inflation component.
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Pursuant to another feature of the present inven-
tion, the rod-like member is hollow and thereby takes the form
of a tube. In addition, components are provided for subject-
ing the tube to a vacuum, thereby providing an evacuating suc-
tion force at the distal end. This feature of the invention
enables, for example, bile to be removed from a gall bladder
upon the sealing of a perforation in the bladder by the
inflated balloon and the disk.

Preferably, the tube is made of a deformable
material. In that event, upon the inflation of the balloon
element and the consequent sealing of the opening at which the
balloon and the disk are disposed, and possibly after the
evacuation of the respective organ through a suctioning opera-
tion as described above, the tube may be closed and severed.
If the organ is being removed from the body, then the balloon
closure device may be retained in the opening during the
removal of the organ.

Pursuant to an additional feature of the present
invention, the expanded configuration of the balloon element
is substantially annular. Accordingly, the balloon element
defines a center hole, the rod-like member traversing the cen-
ter hole of the balloon element.

According to another feature of the present inven-
tion, the clamping element takes the form of an additional
balloon element operatively connected to the inflation com-
ponent for being expanded thereby. In a particular embodiment
of the invention, the inflation component further includes

_means operatively connected to the additional balloon element

for expanding the additional balloon element separately and
independently of the more distally disposed balloon element.

According to an alternative feature of the present
invention, the clamping element takes the form of a disk
attached to the rod-like member at the distal end. The disk
extends substantially transversely to the longitudinal axis of
the rod-like member and is spaced from the balloon element so
as to enable a clamping of an organic membrane between the
disk and the balloon element upon an expansion of the balloon
element by the inflation component. The disk may be a sub-
stantially rigid member.
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Pursuant to another alternative feature of the pres-
ent invention, the balloon element is a first lobe of a bal-
loon attached in a collapsed configuration to the rod-like
member at the distal end, while the clamping element comprises
a second lobe of the balloon. The balloon lobes communicate
with one another via a duct so that the lobes can be

simultaneously inflated.

Accordlng to an additional feature of the present
invention, the expanded configuration is substantially
annular, the balloon element(s) defining a center hole, the
rod-like member traversing the center hole of the balloon ele-
ment. '

A surgical closure method comprises, in accordance
with the present invention, the steps of (a) providing an
elongate rod-like member provided at a distal end with at
least one expandable balloon element in a collapsed configura-
tion, the balloon element being located distally of a clamping
element, (b) inserting the distal end of the rod-like member
and the balloon element through an opening in a‘selected
internal body organ or tissue of the patient, and (c) inflat-
ing the balloon element from the collapsed configuration to an
expanded configuration so that a portion of the selected
internal body organ or tissue is sandwiched between the bal-
loon element and the clamping element, thereby at least
temporarily closing the opening.

Where the rod-like member is hollow and takes the
form of a tube, the method further comprises the step of
applying suction to the tube upon completion of the step of
inflating. Pursuant to another feature of the present inven-
tion, the method further comprising the step of crimping the
tube upon completion of the suction application. In addition,
the tube may be severed proximally of the clamping element
upon completion of the crimping.

Where the clamping element is a 'second balloon ele-
ment, the method also comprises the step of inflating the sec-
ond balloon element upon insertion of the distal end of the
rod-like member and the first balloon through the opening in

the organ or organlc tissues.
In abdomlnal surgery, a distal portion of the rod-
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like member is inserted into a patient’s abdominal cavity,
through an aperture in an abdominal wall of a patient, prior
to the insertion of the distal end of the rod-like member and
the balloon through an opening in a selected internal body
organ or tissue of the patient. In the more specialized case
‘of laparoscopic surgery, a laparoscopic trocar sleeve is dis-
posed in the aperture in the abdominal wall of the patient at
the onset of the surgical procedure, the distal portion of the
rod-like member being inserted through the trocar sleeve into
the patient’s abdominal cavity.

The severing of the tube removes the shaft of the
tube from the surgical site and thus provides more space for
other procedures in the event, for example, that the method is
being used during abdominal surgery. During laparoscopic
surgery, the removal of the proximal end portion of the tube
frees a trocar sleeve for the insertion of another instrument.

A method in accordance with the present invention is
particularly useful in laparascopic surgery. In such a pro-
cedure, a distal portion of the rod-like or tubular member is
inserted into a patient’s abdominal cavity, through an aper-
ture in an abdominal wall of a patient, priér to the step of
inserting the distal end of the rod-like member and the one of
the balloons only through an opening in a selected internal
body organ or tissue of the patient.

A surgical method and closure device in accordance
with the present invention is useful in trauma cases to
quickly close wounds through which blood is flowing out of the
patient or into an internal body cavity. The closure devices
remain temporarily in place until each of the individual
wounds can be closed separately by conventional techniques.

A closure device and associated method in accordance
with the present invention facilitates surgical closure opera-
tions and is particularly effective in laparoscopic surgery to
close wounds or perforations in internal body organs of a
patient. Of course, the clamping disk is limited in diameter
by the size of the respective trocar sleeve and particularly
by the diameter of the port at the proximal end of the sleeve.

Brief Description of the Drawing
Fig. 1 is a side elevational view of a surgical
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closure device, showing a pair of balloons in a collapsed con- .
figuration.

Fig. 2 is a side elevational view of the surgical
closure device of Fig. 1, showing the balloons in an inflated

L

or expanded configuration.
Figs. 3A-3F show successive steps in the use of the

closure device of Figs. 1 and 2 to close a perforation in a
gall bladder in a laparoscopic procedure.

Fig. 4 is a side elevational view of a surgical
closure device in accordance with the present invention, show-
ing a balloon in a collapsed configuration and a disk at the

distal end of a rod or tube.
Fig. 5 is a side elevational view of another surgi-

cal closure device in accordance with the present invention,
showing a balloon with a pair of intercommunicating lobes in a
partially expanded configuration.

Detailed Description
As illustrated in Figs. 1 and 2, a surgical closure

device 20 comprises a rod-like body member 22 in the form of
an elongate substantially rigid tube. Two hollow conduits 24
and 26 are fastened to tube 22 via a plurality of clamping
rings 28 and 30. Conduits 24 and 26 accordingly extend paral-
jel to tube 22 from a proximal end of the instrument, where
the conduits have end portions 24a and 26a which diverge from
tube 22 to facilitate attachment of the conduits to a. source
of pressurized air 32.

At a distal end, conduits 24 and 26 communicate with
respective annular balloons 34 and 36 which are initially in a
collapsed or deflated configuration, as illustrated in Fig. 1.
Balloons 34 and 36 are attached to tube 22, tube 22 traversing
holes (not illustrated) at the centers of the balloons. Under
the control of a valve assembly 38 which is connected between ¢
pressurized air source 32 and the proximal end portions 24a
and 26a of conduits 24 and 26, balloons 34 and 36 are
inflatable from the collapsed configuration of Fig. 1 to an
expanded use configuration depicted in Fig. 2. In the
expanded configuration, balloons 34 and 36 press tightly

against one another along a contact plane 40.
Tube 22 is connectable at a proximal end to a suc-

o
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tion device or vacuum generator 42, whereby a fluid or
fluidized substance (liquid, gas, emulsion, suspension, pow-
der, etc.) may be evacuated from a space at the distal end of
tube 22.

It is to be noted that the structural relationship
among tube 22 and conduits 24 and 26 may be varied within the
scope of the invention. For example, conduits 24 and 26 may
be located within tube 22 or may be formed by partitions
inside tube 22. Alternatively, conduits 24 and 26 may be
flexible tubular members generally separate from tube 22 and
connected to tube 22 only indirectly via balloons 34 and 36 at
the distal end of tube 22.

It is to be further noted that tube 22 is preferably
rigid at least along a proximal end portion. At the distal
end, tube 22 may be partially flexible to facilitate position-
ing and installation of balloons 34 and 36 at a perforation in
an internal body organ of a patient. In that event, the
closure device is provided with a plurality of tensioning
cables (not shown) or other means for varying the orientation
of the distal end of the instrument relative to the proximal
end.

Fig. 3A shows a gall bladder 44 with a perforation
or opening 46. Bile is flowing out of the bladder, as indi-
cated by an arrow 48.

As illustrated in Fig. 3B, closure device 20 is par-
tially inserted into the abdominal cavity AC of a patient P
through a tubular port member 50 which is disposed in an open-
ing (not visible) formed in the abdominal wall AW of the
patient, for example, through the use of a trocar. The distal
end of closure device 20 is inserted through opening 46 so
that balloon 36 (located distally of balloon 34) is inserted
into the bladder 44, while balloon 34 remains outside of the
bladder. Conduit 26 is then connected to pressurized air
source 32 (Fig. 2) via the opening of a valve in valve
assembly 38, which pressurizes and inflates balloon 36 from
the collapsed configuration of Fig. 1 to the expanded con-
figuration shown in Figs. 2 and 3B.

It is to be noted that pressurized air source 32 may
take the form of a‘person's lungs, while control valves or
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valve assembly 38 includes the person’s throat and/or lips.
In addition, balloons 34 and 36 may be provided with one-way
flow control valves (not illustrated) to prevent air from
leaving the balloons once they are inflated.” To deflate bal-
loons 34 and 36 in that case, the operating surgeon need only
pierce them with a scalpel or other sharp instrument.

Fig. 3C depicts a subsequent stage in the laparo-
scopic operation utilizing the closure device of Figs. 1 and
2. As shown in Fig. 3C, conduit 24 has been connected to
pressurized air source 32 (Fig. 2) via the opening of a valve
in valve assembly 38. Balloon 34 is thus inflated and presses
against balloon 36 so as to tightly sandwich the wall of gall
bladder 44 and effectively close opening 46. '

Upon the completed inflation of balloons 34 and 36,
bile is aspirated from bladder 44, for example, through the
connection of the proximal end of tube 22 to suction device 42
(Fig. 2) or through the insertion of another, thinner tube 52
through tube 22, as jllustrated in Fig. 3D. Inner tube 52 is
connected at a proximal end to a manually actuatable
hypodermic syringe 54 or other source of underpressure.

Upon the completion of the suctioning operation,

tube 22, as well as conduits 24 and 26, is closed at a point

proximally located with respect to proximal balloon 34. This
closure of tube 22 is effectuated with the aid of a clamping
forceps 56 partially jnserted into abdominal cavity AC through
a second tubular port member 58 traversing abdominal wall AW.
To facilitate a crimping of tube 22 by clamping forceps 56, at
least a portion of tube 22 proximate to balloon 34 and located
proximally thereof is made of a deformable material.

Upon a crimping of tube 22 (and optionally conduits
24 and 26), clamping forceps 56 is removed from abdominal
ps 60 is inserted for severing

cavity AC and a cutting force
tube 22 and conduits 24 and 26 at a point located proximally
Ccutting for-

with respect to the crimp, as shown in Fig. 3E.
ceps 60 and the severed proximal end portion 20’ of closure
device 20 are then removed from abdominal cavity AC via port
members 58 and 50, respectively. Balloons 34 and 36 remain
attached at least temporarily to bladder 44, as illustrated in

Fig. 3F, to maintain closure on perforation or opening 46.

&7
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As illustrated in Fig. 4, a surgical closure device
70 comprises a rod-like body member 72 in the form of an
elongate substantially rigid tube. A hollow conduit 74 is
fastened to tube 72 via a plurality of clamping rings 76.
Conduit 74 extends parallel to tube 72 from a proximal end of
the instrument, where the conduit has an end portion 74a which
diverges from tube 72 to facilitate attachment of the conduits
to a source of pressurized air 80.

At a distal end, conduit 74 communicates with an
annular balloon 78 which is initially in a collapsed or
deflated configuration. Balloon 78 is attached to tube 72,
while tube 72 traverses a hole (not illustrated) at the center
of the balloon. A pressurized air or saline solution source
80 is connected to conduit 74 at a proximal end thereof for
expanding balloon 78 from the collapsed configuration of Fig.
1 to an expanded use configuration. In the expanded con-
figuration, balloon 78 presses tightly against a substantially
rigid disk 82 attached to tube 72 at a distal end thereof,
proximally of balloon 78. Disk 82 has a diameter sufficiently
small to enable the insertion of the distal end portion of the
closure device 70 through a laparoscopic trocar sleeve during
a laparoscopic procedure.

Tube 72 is connectable at a proximal end to a suc-
tion device or vacuum generator 84, whereby a fluid or
fluidized substance (liquid, gas, emulsion, suspension, pow-
der, etc.) may be evacuated from a space at the distal end of
tube 72.

Conduit 74 may be located within tube 72 or may be
formed by partitions inside tube 72. Alternatively, conduit
74 may be a flexible tubular member generally separate from
tube 72 and connected to tube 72 only indirectly via balloon
78 at the distal end of tube 72.

It is to be further noted that tube 72 is preferably
rigid at least along a proximal end portion. At the distal
end, tube 72 may be partially flexible to facilitate position-
ing and installation of balloon 78 at a perforation in an
internal body organ of a patient. In that event, the closure
device is provided with a plurality of tensioning cables (not
shown) or other means for varying the orientation of the dis-
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tal end of the instrument relative to the proximal end.

The use of closure device 70 is substantially
similar to the use of the device of Figs. 1 and 2. Use of
closure device 70 is clear from the description hereinabove
with reference to Figs. 3A-3F.

As illustrated in Fig. 5, a surgical closure device
86 comprises a rod-like body member 88 in the form of an
elongate substantially rigid tube. A hollow conduit 90 is
fastened to tube 88 via a plurality of clamping rings 92.
Conduit 90 accordingly extends parallel to tube 88 from a
proximal end of the jnstrument. At a distal end, conduit 90
communicates with a balloon 94 having a pair of annular lobes
94a and 94b connected to one another via an annular duct 96 or
by a part of conduit 90. Annular balloon lobes 94a and 94b
are initially in a collapsed or deflated configuration (com-
pare Fig. 1). Duct 96 may be formed integrally with lobes 94a
and 94b, as a unitary part of balloon 94.

Upon a pressurization of balloon 94, lobes 94a and
94b inflate substantially simultaneously to press or clamp an
organic tissue membrane and thereby close a perforation
through which the distal end of tube 88 and lobe 94a have
beeing inserted during a surgical closure operation.

Although the invention has been described in terms
of particular embodiments and applications, one of ordinary
skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing
from the spirit of or exceeding the scope of the claimed
invention. Accordingly, it is to be understood that the draw-
ings and descriptions herein are proferred by way of example
to facilitate comprehension of the invention and should not be

construed to limit the scope thereof.

2
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CLAIMS:

1. A surgical closure device, comprising:

an elongate rod-like member having a distal end and
a proximal end;

a balloon element attached in a collapsed configura-
tion to said rod-like member at said distal end, said balloon
element being expandable from the collapsed configuration to
an expanded configuration;

inflation means operatively connected to said bal-
loon element for expanding said balloon element from said col-
lapsed configuration to said expanded configuration; and

clamping means attached to said rod-like member at
the distal end thereof proximally of said balloon element for
cooperating with said balloon element to clamp organic tissues
in a sandwiching type configuration upon expansion of said
balloon element by said inflation means.

2. The closure device defined in claim 1 wherein
said rod-like member is hollow and thereby takes the form of a
tube.

3. The closure device defined in claim 2, further
comprising means for subjecting said tube to a vacuum, thereby
providing an evacuating suction force at said distal end.

4. The closure device defined in claim 2 wherein at
least a portion of said tube proximate to said balloon and
located proximally thereof is made of a deformable material.

5. The closure device defined in claim 1 wherein
said clamping means includes an additional balloon element
operatively connected to said inflation means for being
expanded thereby.

6. The closure device defined in claim 4 wherein
said inflation means further includes means operatively con-
nected to said additional balloon element for expanding said
additional balloon element separately and independently of the
more distally disposed balloon element.
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2. The closure device defined in claim 4 wherein the
balloon elements press against one another upon expansion
thereof by said inflation means.

8. The device defined in claim 1 wherein said clamp-
ing means includes a disk attached to said rod-like member at
said distal end, said disk extending substantially transver-
sely to a longitudinal axis of said rod-like member, said disk
being spaced from said balloon element so as to enable a
clamping of an organic membrane petween said disk and said
balloon element upon an expansion of said balloon element by

said inflation means.

9. The closure device defined in claim 8 wherein
said disk is a substantially rigid member.

10. The closure device defined in claim 1 wherein
said balloon element is a first lobe of a balloon attached in
a collapsed configuration to said rod-like member at said dis-

tal end, said clamping means comprising a second lobe of said

balloon, said first lobe and said second lobe communicating

with one another via a duct so that the lobes can be

simultaneously inflated.

11. The closure device defined in claim 1 wherein
said expanded configuration is substantially annular, said
palloon element defining a center hole, said rod-like member
traversing the center hole of said balloon elenent.

12. A surgical closure method, comprising the steps

of:
providing an elongate rod-like member provided at a

distal end with at least one expandable balloon element in a
collapsed configuration, said palloon element being located

distally of a clamping element;
inserting the distal end of said rod-like member and

said balloon element through an opening in a selected internal

body organ or tissue of the patient; and
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inflating said balloon element from said collapsed
configuration to an expanded configuration so that a portion
of the selected internal body organ or tissue is sandwiched
between said balloon element and said clamping element,
thereby at least temporarily closing the opening.

13. The method defined in claim 12 wherein said rod-

like member is hollow and takes the form of a tube, further
comprising the step of applying suction to said tube upon com-
pletion of said step of inflating.

14. The method defined in claim 13, further compris-

ing the step of crimping said tube upon completion of said
step of applying suction.

15. The method defined in claim 14, further compris-

ing the step of severing said tube proximally of said clamping
element upon completion of said step of crimping.

16. The method defined in claim 12 wherein said
clamping element is a second balloon element, further compris-
ing the step of inflating said second balloon element upon
insertion of the distal end of said rod-like member and the
first balloon through said opening.

17. The method defined in claim 12, further compris-

ing the step of severing said rod-like member proximally of
said clamping element upon completion of said step of inflat-

ing.

18. The method defined in claim 12, further compris-

ing the step of inserting into a patient’s abdominal cavity,
through an aperture in an abdominal wall of a patient, a dis-
tal portion of said rod-like member prior to the step of
inserting the distal end of said rod-like member and said bal-
loon element through an opening in a selected internal body
organ or tissue of the patient.
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