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(57) ABSTRACT

An 1ntercostal-pump based fluid management system, as

described herein, comprises an intercostal pump that is,
generally, a resiliently flexible bulb having an inlet and an

outlet. The inlet 1s attached to a first tube that extends from
the intercostal pump to a first area of a patient’s body, for
example, the patient’s pleural cavity. The outlet 1s connected
to a second tube that extends from the mtercostal pump to a
second area of a patient’s body, for example, the patient’s
peritoneal cavity. In use, the intercostal pump 1s placed
between a first rib and a second rib 1n a patient. The
intercostal pump operates by being successively compressed
and decompressed between the first and second ribs as the
patient breaths.

30 Claims, 12 Drawing Sheets

200



U.S. Patent Sep. 19, 2023 Sheet 1 of 12 US RE49,658 E

F1G. 1A




U.S. Patent Sep. 19, 2023 Sheet 2 of 12 US RE49,658 E

KI1G. 1B




U.S. Patent Sep. 19, 2023 Sheet 3 of 12 US RE49,658 E

KI1G. 1C




U.S. Patent Sep. 19, 2023 Sheet 4 of 12 US RE49,658 E

N 200




US RE49,638 L

Sheet 5 of 12

-~ RO

o = %

m., _& § % §

5. [ T

% \\ O1E
1181

U.S. Patent




US RE49,638 L

d¢ "Old

e

'S

y—

I

=

- ﬁ

L /i

W i1

— B E S < 2~ oV AN, Wi, O O e e IR, &' s o s ot SNNONNNN 7557, #

72 m,. ..... ﬁ w
I A
i
i R m

e ._..wm_ a | ¥

S VYR §m : %\

— Ff 4

S /] e

P

N

oes

bt

U.S. Patent



US RE49,638 L

Sheet 7 of 12

Sep. 19, 2023

U.S. Patent

T

il

e

Jt DI

/

J14 ]



U.S. Patent Sep. 19, 2023 Sheet 8 of 12 US RE49,658 E




U.S. Patent Sep. 19, 2023 Sheet 9 of 12 US RE49,658 E




U.S. Patent Sep. 19, 2023 Sheet 10 of 12 US RE49,658 E

S00

START ) /

U2

IMPLANT INTERCOSTAL PUMP IN INTERCOSTAL SPACE

ESTABLISH FLUID COMMUNICATION WITH FIRNT AREA

i 7 U N NG AR

06

ESTABLISH FLUID COMMUNICATION WITH SECOND AREA

PERIODICALLY COMPRESS INTERCOSTAL PUMP

FIG. 5A



U.S. Patent Sep. 19, 2023 Sheet 11 of 12 US RE49,658 E

D30

START /

332

DECOMPRESS INTERCOSTAL PUMP

-
““““““

‘ﬂ-"ﬂ'ﬂ"ﬂ'"-"'ﬂ.‘ﬂ'ﬂﬂ-***ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂﬂ'ﬂ'ﬂ'*ﬂ*ﬂ'ﬂ'ﬂﬂﬂﬂﬂ'ﬂ'ﬂﬂ--‘!‘ﬂﬂ““ﬂ-“'ﬂ"ﬂ' TR TEETERRRRRT W W WO WO WA

INTAKE FLUID

356

COMPRESS INTERCONTAL PUMP

OUTPUT FLUID

END

FIG. 5B




U.S. Patent Sep. 19, 2023 Sheet 12 of 12 US RE49,658 E

\&
&
—
8




US RE49,658 E

1
INTERCOSTAL PUMP

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This is a reissue application of U.S. patent application
Ser. No. 15/168,269 filed on May 31, 2016, entitled “Inter-

costal Pump,” and issued as U.S. Pat. No. 10,300,255,

which claims priornity to U.S. patent application Ser. No.
13/968,479 filed on Aug. 16, 2013, entitled “Systems and

Methods for Draining Bodily Fluid via an Intercostal
Pump,” and issued as U.S. Pat. No. 9,393,387, which 1s

incorporated herein 1n its entirety. U.S. patent application
Ser. No. 13/968,479 claims priority to U.S. Provisional
Patent Application Ser. No. 61/684,101 filed Aug. 16, 2012,
entitled “Systems and Methods for Draiming Bodily Fluid
via an Intercostal Pump,” which 1s also incorporated herein
in 1ts enfirety.

BACKGROUND

A number of well-known techniques for draiming bodily
fluid 1nvolve utilizing a pump, 1n combination with a shunt
or catheter, to drain fluid from one cavity within the human
body to eirther another cavity or to a reservoir outside of the
body. Such techmiques may be utilized for purposes includ-
ing, for example, draining a patient’s blood, urine, saliva,
cerebrospinal fluid, peritoneal fluid, and/or pleural fluid,
among other possibilities.

One common drainage-technique application 1s the drain-
age of pleural fluid for the treatment of pleural effusions.
Pleural flmd 1s normally a low-protein liquid that can be
found 1n relatively small amounts (normally a few millili-
ters) 1 a patient’s pleural cavity. The pleural cavity 1s the
space between the visceral pleura (1.e., the membrane sur-
rounding each lung) and the parietal pleura (1.e., the mem-
brane lining the inside of the rib cage). Pleural fluid provides
a lubricating function during the breathing process and,
normally, a patient’s body constantly produces and absorbs
pleural tluid. However, under certain abnormal conditions,
such as infection, inflammation, malignancy, heart failure,
liver failure, or kidney failure, among other conditions, the
net flow of pleural fluid within the pleural cavity becomes
unbalanced resulting in the excess accumulation (e.g., on the
order of liters) of fluid 1n the pleural space.

Excess accumulation of pleural flmid 1s known as pleural
cllusion and may cause the pathological compression of one
or both lungs-resulting 1n considerable difliculty or preven-
tion of the breathing process 1n either or both lungs. Pleural
cllusion may lead to, for example, dyspnea, shortness of
breath, chest pain, and/or chronic cough, greatly compro-
mising a patient’s quality of life.

Currently, pleural eflusions aflect approximately 1.4 mul-
lion new patients each year. Over 200,000 of such pleural
cllusions result from malignancy and are seriously danger-
ous to the patients’ health. More than one half of those
patients with malignant pleural eflusions have symptoms
resulting directly from their effusion.

One treatment option for recurrent, symptomatic pleural
cllusions 1s repeated therapeutic thoracentesis. Thoracente-
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s1s mvolves passing a needle and catheter apparatus mto the
pleural cavity, at which point the needle 1s removed, leaving
the catheter 1n the pleural space. The catheter remains in
place and, thereby, acts as a drainage tube that leads the
excess pleural fluid to a collection reservoir outside of the
body. This procedure typically improves symptoms signifi-
cantly. Unfortunately, malignant eflusions are likely to recur
and, due to patients’ delays 1n notifying their physician that
their symptoms have returned and delays 1n providing repeat
thoracentesis, patients often spend a significant portion of
their life with eflusion-related symptoms. Furthermore, tho-
racentesis 1s painful and uncomiortable, and 1s frequently
accompanied by threatening or debilitating complications,
such as pneumothorax (i.e., the collapse of the lung due to
accumulation of air 1n the pleural cavity) in up to eleven
percent of patients and severe bleeding or infection 1n many
others.

Another treatment option 1s chest-tube pleurodesis, which
involves the obliteration of the pleural space by the nstil-
lation of a sclerosant agent via a chest tube. In this approach,
a chest tube 1s inserted into the patient under moderate
sedation or general anesthesia and the pleural fluid 1s
drained, in a manner similar to the drainage achieved in
thoracentesis. After drainage of the pleural effusion a scle-
rosing agent 1s 1nstilled through the tube into the pleural
cavity to completely coat the visceral and parietal mem-
branes so that these membranes will permanently adhere to
cach other to close and eliminate the pleural cavity. Chest-
tube pleurodesis can sometimes lead to long-term control of
cllusion-related symptoms. Unfortunately, chest-tube pleu-
rodesis typically requires hospitalization for at least two
days and as many as seven days, can be quite painful, can
lead to breathing difliculties of it’s own, and, 1n up to one
third of patients, fails to provide relief of symptoms for more
than a few weeks.

One varniation of chest-tube pleurodesis 1s thoracoscopic
pleurodesis, which involves the isertion of a telescope nto
the patient’s chest by way of an intercostal incision on the
patient’s side. Pleural fluid 1s evacuated and a detailed
inspection of the pleural space 1s undertaken so as to more
discriminately apply sclerosant to regions of abnormality. In
some cases, thoracoscopic pleurodesis can achieve better
results than even chest-tube pleurodesis. Uniortunately, tho-
racoscopic pleurodesis typically requires hospitalization for
four to seven days.

Yet another treatment option 1s chronic indwelling pleural
catheters. Such indwelling catheters are placed in the patient
permanently, allowing a patient to drain pleural fluid to an
external reservoir on an intermittent, yet continual, basis.
That 1s, while the pleural catheter 1s placed substantially
inside the patient, the catheter also extends outside of the
patient’s body and may remain externally exposed for
extended period of times. Chronic indwelling catheters have
been shown to result in relatively high success rates in the
management of eflusion-related symptoms, and are associ-
ated with relatively short patient-hospital times of approxi-
mately one day. However, a considerable percentage of
patients, approximately eight percent, fall victim to infec-
tion. Further, the patient 1s subject to the discomifort, 1rrita-
tion, and annoyance of an exposed indwelling catheter that
transmits fluid to an external reservorr.

Related to indwelling pleural catheters, pleuroperitoneal
shunts provide a permanent conduit between the pleural
cavity and the peritoneal cavity, or the abdomen, which
allows tluid to move from the pleural cavity to the peritoneal
cavity, as opposed to an external reservoir. Once in the
peritoneal cavity, the fluid 1s reabsorbed into the patients
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blood steam through blood and lymph vessels located 1n the
abdomen. In popular pleuroperitoneal shunts, the shunt has
a pumping chamber that must be manually activated by the
patient or caregiver to move the pleural fluid. The pleuro-
peritoneal shunt 1s tunneled under the skin from the chest to
the abdomen with the pumping chamber lodged 1n a sub-
cutaneous pocket overlying the costal margin, or lower edge,
of the nb cage. Pleuroperitoneal shunts, like chronic
indwelling catheters, have been shown to result 1n relatively
high success rates in the management of effusion-related
symptoms, and are associated with relatively short patient-
hospital times of approximately one day. However, also like
chronic indwelling catheters, a considerable percentage of
patients, approximately four percent, fall victim to infection.
Further drawbacks of conventional pleuroperitoneal shunts
include a relatively high rate of shunt-specific complica-
tions, such as clotting of fluid within the shunt, as well as the
discomiort and inconvenience arising ifrom manual activa-
tion of the pump by the patient.

OVERVIEW

Accordingly, there 1s a need for a novel technique of
draining pleural tfluid that provides for a high rate of success
in treating pleural effusions, and avoids high rates of infec-
tion and other complications, doesn’t require lengthy
patient-hospital times and/or repeated hospital visits, and
avoids the mconvenience of both manually activated pumps
and external reservoirs. A fluid management system based
on an intercostal pump, as described herein, provides for
such a novel and beneficial drainage technique.

An 1ntercostal-pump based fluid management system, as
described herein, comprises an intercostal pump that is,
generally, a resiliently flexible bulb having an inlet and an
outlet. The inlet 1s attached to a first tube that extends from
the intercostal pump to a first area of a patient’s body, for
example, the patient’s pleural cavity. The outlet 1s connected
to a second tube that extends from the intercostal pump to a
second area of a patient’s body. The second area of the
patients’ body may be, for example, the patient’s peritoneal
cavity. Upon operation of the intercostal pump, fluid 1s
transferred from the first area of the patient’s body to the
second area.

In use, the mtercostal pump 1s placed between a first rib
and a second r1ib 1n a patient. (Note that although the terms
“first n1b” and “second rib” are used herein, it should be
understood that such use does not necessarily refer to any
particular two ribs, e.g. the “first” and “second” ribs as
typically referred to 1n anatomical contexts as the two ribs
nearest a patients’ skull.) The intercostal pump operates by
being successively compressed and decompressed between
the first and second ribs as the patient breaths. As the patient
inhales, the patient’s rib cage expands and the intercostal
pump 1s decompressed. As the patient exhales, the patient’s
rib cage contracts and the intercostal pump 1s compressed.

Use of an intercostal pump as described herein avoids
certain shortcomings of known fluid drainage techniques.
For instance, the intercostal pump operates to drain fluid
regularly, continuously, and automatically without requiring,
a patient to manually compress a pump by hand or requiring
a patient to drain fluid external to the patient’s body. Further,
due to the continuous operation of the intercostal pump,
improved performance may be achieved by decreasing the
occurrence of clotting observed in other fluid-drainage sys-
tems that may remain inactive for long periods of time.
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BRIEF DESCRIPTION OF DRAWINGS

The invention disclosed herein will be more readily
understood from a reading of the specification with refer-
ence to the accompanying drawings forming a part thereot,
wherein:

FIGS. 1A, 1B, and 1C show a perspective view of an
exemplary intercostal-pump based tfluid management system
including an exemplary intercostal pump and also including
inlet and outlet catheters shortened for illustrative purposes;

FIG. 2 shows an embodiment of an exemplary intercostal-
pump based fluid management system implanted in a
patient;

FIGS. 3A, 3B, and 3C show a cross-sectional schematic
view ol an exemplary intercostal-pump body;

FIGS. 4A and 4B show a focused view of an exemplary
intercostal-pump based fluid management system placed
between a patient’s ribs, and the intercostal pump activated
thereby; and

FIGS. 5A and 5B show exemplary methods for draining
bodily fluid.

FIG. 6 shows a perspective view of an additional exem-
plary intercostal-pump based fluild management system.

DETAILED DESCRIPTION

The apparatuses, systems, and methods described herein
may be used for the purposes of dramning fluid from one
cavity within the human body to another cavity. More
particularly, the apparatuses, systems, and methods
described herein comprise an intercostal pump which pro-
vides a general pumping function 1in an intercostal-pump
based fluid management system.

For purposes ol explanation, the disclosure herein
includes a discussion of the use of an intercostal-pump based
fluid management system for the purposes of drainage of
pleural fluid for the treatment of pleural effusions. However,
it should be understood that such an application 1s but one
particular application of one particular embodiment of an
intercostal-pump based fluid management system, and that
other embodiments and applications are certainly possible as
well.

Also, for purposes of explanation, the disclosure herein
describes an intercostal pump as part of a particular exem-
plary intercostal-pump based fluid management systems.
However, 1t should be understood that any such intercostal-
pump based fluid management system disclosed herein 1s
but a particular embodiment of an intercostal-pump based
fluid management system that uses an intercostal pump as
described herein, and that other uses of an itercostal pump
are certainly possible as well.

The tercostal-pump based fluild management system
provides for regular, continuous, and automatic drainage of
bodily fluid. Therefore, many of the disadvantages of other
techniques for draining bodily fluid may be avoided.

1. INTERCOSTAL-PUMP BASED FLUID
MANAGEMENT SYSTEM

FIGS. 1A, 1B, and 1C show a perspective view of an
exemplary intercostal-pump based fluid management system
including an exemplary intercostal pump and also including
inlet and outlet catheters (the depiction of which have been
shortened 1n length for illustrative purposes). It should be

understood that FIGS. 1A, 1B, and 1C show an embodiment
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ol an intercostal-pump based fluid management system for
purposes ol explanation and that other embodiments are
certainly possible as well.

a. Intercostal-Pump Based Fluid Management System
Generally

With reference to FIG. 1A, itercostal-pump based fluid
management system 100 comprises intercostal pump 110.
Intercostal pump 110 1s, generally, a resiliently flexible bulb
enclosing an interior space and having an inlet 130 and an
outlet 132. Intercostal pump 100 may be made of any
suitable material that allows for intercostal pump 100 to be
compressed and then freely returned to 1ts original state. For
example, intercostal pump 110 may be a resiliently flexible
bulb made of polyurethane, silicone, polyvinyl chlornde, or
latex rubber.

Although 1ntercostal pump 110 1s shown as a generally

spherical, or ovular, bulb, other configurations are certainly
possible as well. In short, intercostal pump 110 may be any
shape providing for suitable compression/decompression
and placement 1n an intercostal region. In particular, 1t may
5 be desirable to conform, to some extent, intercostal pump
110, to the characteristics (i.e., shape and/or space) of a
particular intercostal region. In an embodiment, intercostal
pump 110 may comprise flexible silicone tubing. Intercostal
pump 110 may take other forms as well.
Intercostal pump 110 1s discussed 1n greater detail below.
Intercostal-based tluid management system 100 also com-
prises a first tube 120 and a second tube 122. Inlet 130 and
outlet 132 communicate between the interior and the exte-
rior of intercostal pump 110 and are coupled to the first tube
120 and the second tube 122, respectively. In other words,
inlet 130 and outlet 132 are configured so as to provide for
fluid communication between {first tube 120 and second tube
122, respectively, and an interior space of intercostal pump
110.

With reference to FIG. 1B, first tube 120 comprises a
tube-inlet end 150 and a pump-inlet end 140. Generally, first
tube 120 1s configured so that, when intercostal-based tluid
management system 100 1s 1n use, tube-inlet end 150 may be
disposed 1n an area of a person’s body from which fluid 1s
to be drained. On the other hand, pump-inlet end 140 1s
coupled to inlet 130 of intercostal pump 110. Accordingly,
the length of first tube 120 may vary, as depicted by length
extension 160.

Similarly, second tube 122 comprises a pump-outlet end
142 and a tube-outlet end 152. Generally, second tube 122
1s configured so that, when intercostal-based fluid manage-
ment system 100 1s 1 use, tube-outlet end 152 may be
disposed 1n an area of a person’s body to which fluid 1s to
be drained. On the other hand, pump-outlet end 142 1s
coupled to outlet 132 of 1ntercostal pump 110. Accordingly,
the length of second tube 122 may vary, as depicted by
length extension 162.

Although first tube 120 and second tube 122 are shown as
entering into mtercostal pump 110 1n a substantially straight-
forward manner, first tube 120 and second tube 122 may be
configured to enter intercostal pump 110 at any desired
angle. For example, 1t may be desirable for first tube 120 and
second tube 122 to enter and leave, respectively, intercostal
pump 110 at ninety-degree angles so as to enable intercostal
pump 110 to be situated 1n the intercostal region in a more
advantageous manner. It may be desirable for first tube 120
and second tube 122 to enter and leave at other angles as
well.

With reference to FIG. 1C, first tube 120 may comprise
one or more tluid-inlet perforations 170. Fluid-inlet perto-
rations 170 may take the form of holes 1n the surface of first
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tube 120 allowing for the intake of fluid into first tube 120
through not only tube-inlet end 150, but through fluid-inlet
perforations 170 as well. Fluid-inlet perforations 170 may
improve the volume or efliciency of fluid intake into first
tube 120, and thereby, may improve the volume or efliciency
of fluid drained by intercostal-pump based fluid manage-
ment system 110. Fluid-inlet perforations 170 may be par-
ticularly advantageous as allowing for alternative fluid inlet
locations 1n the event that tube-inlet end 150, or other
perforations, become blocked due to, for example, clotting.

Second tube 122 may also include fluid-outlet perfora-
tions (not depicted).

In order to prevent clogging, the fluid ilets or outlets, the
first and second tubes, or any other aspect of inter-costal
pump based fluid management system 100 may be coated 1n
anticoagulation factors. For example, the valves of intercos-
tal pump 110 may be coated with anticoagulation factors.
The presence of the anticoagulation factors may reduce the
amount of clotting that would otherwise occur 11 they were
not present. Examples of anticoagulation factors include
tissue plasminogen activator, heparin, urokinase, streptoki-
nase, and warfarin. Other examples of anticoagulation fac-
tors may exist as well.

b. Pleuroperitoneal Inter-Costal Pump Based Fluid Man-
agement System

With reference to FIG. 2, intercostal-pump based fluid
management system 100 1s implanted in a patient 200,
providing for drainage of fluid from a first area 220 to a
second area 230 within the patient’s body. In one embodi-
ment, as 1 the embodiment depicted 1n FIG. 2, fluid 1s
draimned from a patient’s pleural cavity to the patient’s
peritoneal cavity. In such an embodiment, therefore, first
area 220 1s the patient’s pleural cavity and second area 230
1s the patient’s peritoneal cavity.

In an embodiment, intercostal pump 110 1s configured so
that 1t may be placed, at least partially, in the intercostal
region between two ribs. In other words, when implanted,
intercostal pump 110 extends throughout the patient’s inter-
costal space, or at least a portion thereof. Accordingly, first
tube 120, and correspondingly, pump inlet 130 (not
depicted), are disposed on the interior of the patient’s rib
cage. On the other hand, second tube 122, and correspond-
ingly, pump outlet 132 (not depicted), are disposed on the
exterior of the patient’s rib cage. In this way, upon breathing
and the corresponding compression/decompression of the
rib cage, patient 200 will automatically cause intercostal
pump 110 to operate (1.¢., “pump”). The operation of inter-
costal pump 110 1s discussed further below.

c. Other Inter-Costal Pump Based Fluid Management
Systems

A fluud management system that includes intercostal
pump 110 may be used for draining fluid from and to various
areas ol a patient’s body. That 1s, a fluid management system
that includes the intercostal pump described herein 1s not
limited to uses involving draining fluid from a patient’s
pleural cavity to the patient’s peritoneal cavity.

One example of an alternative use of a fluid management
system that incorporates the intercostal pump described
herein 1s draining fluid from a patient’s cerebrospinal region.
According to this exemplary alternative use, tube 120 may

be configured to extend from intercostal pump 110 to the
patient’s cercbrospinal region such that tube-inlet end 1350
may be disposed 1n the patient’s cerebrospinal region. In this
way, excess cerebrospinal fluid may be drained.
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Another example of an alternative use of a fluid manage-
ment system that incorporates the inter-costal pump

described herein 1s draining fluid from a patient’s pericardial
region.

Other alternative uses are certainly possible as well. In
general, a fluid management system that incorporates the
intercostal pump described herein may be used to drain fluid
to and from any combination of regions in a patient’s body
with which fluid communication can be sufliciently estab-
lished with intercostal pump 110.

2. THE INTERCOSTAL PUMP

a. Intercostal Pump Design

FIG. 3A shows an exemplary cross-sectional schematic
view of intercostal pump 110. As noted above, intercostal
pump 110 1s, generally, a resiliently flexible bulb. As such,
the pump body, as well as any of the other various pump
components, may be made of polyurethane, silicone, poly-
vinyl chloride, or latex rubber. Other matenals are certainly
possible as well.

Intercostal pump 110 comprises a pump wall that encloses
an 1nterior space 330. For purposes of explanation, the pump
wall 1s depicted as including upper wall 310 and lower wall
312. The distinction between an upper and lower wall 1s
made for the purposes of clarity in explaining the compres-
sion/decompression of intercostal pump 110 below, and
should not be interpreted as limiting intercostal pump 110 to
comprise two distinct pump walls.

Generally, pump wall 310 (312) may be of any thickness
suitable to achieve desired flexibility of intercostal pump
110. The particular thickness of pump wall 310 (312) 1n a
grven embodiment may depend on, for example, the material
of pump wall 310 (312) and the mtended use (e.g., drainage
function) of intercostal pump 110. In an embodiment, pump
wall 310 (312) may be made of silicon and have a thickness
of 142 of an inch. In an embodiment, intercostal pump 110
may comprise silicone tubing having an inner diameter of %4
of an 1inch and an outer diameter of >1s of an 1inch. Other
dimensions may be desirable as well.

Intercostal pump 110 further comprises inlet valve 320
and outlet valve 322. Inlet valve 320 may be situated 1n the
interior space 330 of the pump body 1n general proximity to
inlet 130. Inlet valve 320 may be any suitable one-way
valve, and may, for example, be made of silicone. Inlet valve
320 1s configured so as to preclude tluid movement from the
interior space 330 of intercostal pump 110 to inlet tube 130.
At the same time, mlet valve 320 1s configured to allow fluid
movement from inlet tube 130 to the interior space 330 of
intercostal pump 110. In other words, inlet valve 320 1s 1n
fluid communication with inlet 130 so as to provide for
one-way fluid movement from inlet tube 130 to interior
space 330 of intercostal pump 110.

Correspondingly, outlet valve 322 may be situated 1n the
interior space 330 of the pump body 1n general proximity to
outlet 132. Outlet valve 322 may be any suitable one-way
valve, and may, for example, be made of silicone. Outlet
valve 322 1s configured so as to allow fluid movement from
the interior space 330 of intercostal pump 110 to outlet tube
132. At the same time, outlet valve 322 is configured to
prevent tluid movement from outlet tube 132 to the interior
space 330 of intercostal pump 110. In other words, outlet
valve 322 1s in fluid communication with outlet 132 so as to
provide for one-way fluid movement from interior space 330
ol intercostal pump 110 to outlet tube 132.

It may be desirable to reinforce the outer perimeter of inlet
valve 320 and outlet valve 322 so that the compression/

10

15

20

25

30

35

40

45

50

55

60

65

8

decompression of intercostal pump 110 does not cause
significant compression of, or undesirable wear to, inlet
valve 320 and outlet valve 322. Such reinforcement may be
accomplished, for example, by using a relatively stifl, or
non-tlexible material, for the outer perimeter of inlet valve
320 and outlet valve 322. Other examples may exist as well

Note that, although inlet valve 320 and outlet valve 322
are depicted as situated within the interior space 330 of
intercostal pump 110, alternative placement of the valves
may be desirable as well. For example, one of, or both of,
inlet valve 320 and outlet valve 322 might be situated
exterior to the pump body, perhaps within inlet tube 130 and
outlet tube 132, respectively. The particular placement of the
valves 1s not critical, so long as they sufliciently provide for
one-way fluid flow into and out of intercostal pump 110.

b. Pump Operation

FIG. 3B shows an exemplary cross-sectional schematic
view ol intercostal pump 110 1n a compressed state. In an
exemplary embodiment, as shown, a first force 340 acts on
upper wall 310 causing upper wall 310 to collapse 1n
towards interior space 330. Correspondingly, a second force
342 acts on lower wall 312 causing lower wall 312 to
collapse 1n towards interior space 330. As described above,
intercostal pump 110 1s resiliently flexible and therefore,
alter being placed in a compressed state as shown in FIG.
3B, intercostal pump 110 will return to an uncompressed
state as shown 1n FIG. 3A when at least one of the first force
340 and the second force 342 are removed. In this way,
intercostal pump 110 operates as a pump that, generally,
draws fluid from 1ts inlet 130 to its outlet 132.

In use, intercostal pump 110 may be compressed as a
result of a patient breathing. More particularly, 1ntercostal
pump 110 may be compressed as a result of the natural
movement of a patient’s ribs during the breathing cycle.

FIG. 3C shows an exemplary cross-sectional schematic
view of intercostal pump 110 and tubes 120 and 122 having
length extensions 160 and 162, respectively. FIG. 3C general
shows tubes 120 and 122 as generally flexible tubing that
may be easily manipulated and/or shaped to take any form
or direction. However, in some embodiments 1t may be
desirable for tubes 120 and 122 to be rigidly defined, to some
extent, so that a desired shape or direction of the tubes may
be maintained. For example, one of the tubes may be rigidly
configured, shaped, or cast so that it has a 90 degree bend
upon leaving intercostal pump 110. Fach of tubes 120 and
122 may be configured to a similar 90 degree bend. Alter-
natively, the tubes may not have similar bends. As yet
another alternative, the tubes may each have a bend of some
other degree.

As shown in FIG. 4A, 1n use, itercostal pump 110 1is
placed between a first r1ib 416 and a second rib 418. When
the rib cage expands (upon inhaling), individual ribs 410,
412, 414, 416, and 418 separate and relatively little force 1s
exerted on intercostal pump 110. Therefore, intercostal
pump 110 1s in an uncompressed state.

However, as shown in FIG. 4B, when the nb cage
contracts (upon exhaling), individual nbs 410, 412, 414,
416, and 418 move towards one another. As a result, a first
force 340 and a second force 342 are exerted on 1ntercostal
pump 110 by first rib 416 and second rib 418 respectively.
Therefore, intercostal pump 110 1s 1n a compressed state.

A normal adult takes about twelve breaths per minute.
Therefore, 1n use, mtercostal pump 110 may be compressed
approximately twelve times per minute. Of course, this 1s
only an approximation and may vary greatly. A particular
compression rate 1s not critical to the functioning of inter-
costal pump 110, though the rate at which fluid 1s pumped
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will obviously vary with the compression rate and amplitude
of compression (1.e., degree of rib motion).

A normal adult exhibits approximately two millimeters of
relative motion between ribs throughout the breathing cycle.
Accordingly, the walls of intercostal pump 110 may be
compressed approximately two millimeters during each
breath. Of course, this 1s only an approximation and may
vary greatly.

A relevant consideration i1s that ribs are lined by soft
tissue. The soft tissue may be compressible itself and
therefore, 1 any soit tissue 1s left in place between inter-
costal pump 110 and either of first rib 416 and second rib
418, the full extent of possible compression of intercostal
pump 110 may not be achieved. It may therefore be desirable
to remove soit tissue at the point of contact of intercostal
pump 110 with either of first rib 416 and second rib 418.

Another relevant consideration 1s that ribs generally
exhibit portions that are relatively cartilaginous, which por-
tions may be relatively compressible themselves. As a result,
it may be desirable to place intercostal pump 110 so as to be
in contact with portions of first rib 416 and second rib 418
exhibiting a relatively low amount of cartilage (1.e., a portion
of the rib having a relatively high amount of bone, as
opposed to cartilage, exposed).

Yet another relevant consideration i1s that it may be
desirable to situate itercostal pump 110 1n such way that the
amount ol surface area of intercostal pump 110 that 1s 1n
contact with each of first rib 416 and second rnib 418 is
maximized. In this way, intercostal pump 110 may experi-
ence a greater amount of compression. Therefore, 1t may be
desirable to situate intercostal pump 110 in a manner sub-
stantially parallel to first nb 416 and second rnb 418 as
opposed to the substantially perpendicular manner as gen-

erally indicated 1n FIGS. 4A and 4B.

3. OTHER INTER-COSTAL PUMP BASED
FLUID MANAGEMENT SYSTEM
ARRANGEMENTS

As a patient breaths, the patients’ pleural space expands
and contracts. Accordingly, the pressure within the pleural
space decreases and increases, relatively. Such changes 1n
the pressure within the pleural space may be used to activate
a pump that 1s located within the pleural space. Thus, a pump
within the pleural space may be activated by such changes
in the pressure within the pleural space. These pressure
changes may activate a pump independently of, or 1n com-
bination with, any activation caused by compression due to
displacement of the patients’ ribs as discussed above.

Similarly, as a patient breaths, the patients’ abdomen
expands and contracts. Accordingly, the pressure within the
abdomen decreases and increases, relatively. Such changes
in the pressure within the abdomen may be used to activate
a pump that 1s located within the abdomen. Thus, a pump
within the abdomen may be activated by such changes in
pressure within the abdomen.

As shown 1n FIG. 6, the inter-costal pump based tluid
management system may include two pumps 110 and 610.
According to such a system, pump 110 may be placed within
a patient’s pleural space, perhaps within an intercostal
region as discussed above. Pumps 110 and 610 may be
communicatively couple at points 602 and 604, respectively.
Pumps 110 and 610 may be communicatively coupled by an
extendible tube, or a tube a given desired length. Pump 610
may then be placed within a patient’s abdomen. As a result,
pump 110 may be activated by one or more of compression
due to the patient’s rib compression or pressure change
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within the patient’s pleural space, and pump 610 may be
activated by pressure change within the patient’s abdomen.

Such a system including two pumps (such as that shown
in FIG. 6) may be capable of achieving greater overall pump
force than may be a system including a single pump (such

as shown 1n FIG. 1C.

4. EXEMPLARY METHODS

a. First Exemplary Method

A method of draining a fluid from a first area of a person’s
body to a second area of a person’s body may be carried out
with respect to intercostal-pump based fluid management
system 100.

With reference to FIG. 5A and method 500, at step 502,
intercostal pump 110 1s implanted in an 1ntercostal space of
a patient such that the intercostal pump may be compressed
between first rib 416 and second rib 418. Intercostal pump
100 may be implanted using known surgical techniques.

At step 504, fluid communication 1s established between
a first area of a patient and the 1nlet 130 of intercostal pump
110. For example, first tube 120 may be extended from a
patient’s pleural cavity to inlet 130.

At step 506, fluid communication 1s established between
a second area of a patient and the outlet 132 of intercostal
pump 110. For example, second tube 122 may be extended
from outlet 132 to a patient’s peritoneal cavity.

At step 308, intercostal pump 110 1s periodically com-
pressed. For example, intercostal pump 110 1s compressed
between first b 416 and second rib 418 during a patient’s
breathing cycle.

b. Second Exemplary Method

With reference to FIG. 5B and method 550, at step 552,
intercostal pump 110 1s decompressed. For example, inter-
costal pump 110 1s mnitially compressed between first rib 416
and second rib 418 while a patient’s ribs are 1n a contracted
stated (1.e., the patient has previously exhaled). As the
patient inhales, the r1ib cage 1s expanded and first rib 416 and
second rib 418 move away from one another. As a result,
intercostal pump 110 1s decompressed.

At step 554, intercostal pump 110 intakes tluid. That 1s, as
a result of decompressing intercostal pump 110 at step 552,
a pumping force draws fluid into interior space 330 of
intercostal pump 110.

At step 556, imtercostal pump 110 1s compressed. For
example, mtercostal pump 110 1s compressed between {first
rib 416 and second r1b 418 as a result of the patient’s rib cage
being contracted (i.e., the patient exhales). As the patient
exhales, the rib cage 1s contracted and first rib 416 and
second rib 418 move towards one another. As a result,
intercostal pump 110 1s compressed.

At step 558, intercostal pump 110 outputs fluid. That 1s,
as a result of compressing intercostal pump 110 at step 556,
a pumping force forces fluid out of interior space 330 of
intercostal pump 110.

>. CONCLUSION

Exemplary embodiments of an intercostal-pump based
fluid management system are described above. Those skilled
in the art will understand, however, that changes and modi-
fications may be made to the embodiments described with-
out departing from the true scope and spirit of the present
invention, which 1s defined by the claims.
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The 1nvention claimed 1s:

1. A method comprising:

implanting 1n an 1mtercostal space of a body of a person an

intercostal pump [such that the intercostal pump may
be compressed between a first rib of the person and a
second rib of the person], wherein the intercostal pump
[comprising] (i) comprises a pump body, an inlet, and
an outlet and (ii) is configured such that, as the person
breathes, the pump body is compressed and decom-
pressed between a first vib and a second rib of the
person’s body and thereby induces fluid flow (a) from
a pleural cavity of the person’s body via a first tube
connected to the inlet (b) to a peritoneal cavity of the
person’s body via a second tube comnected to the
outlet; and

establishing fluid [communication] flow (a) between [a]

the pleural cavity of the person’s body and the inlet
[with a] via the first tube and (b) between the outlet and
[a] #2¢ peritoneal cavity of the person’s body [with a]
via the second tube.

2. The method of claim 1, turther comprising;:

configuring the intercostal pump for placement in the

intercostal space so as to be activated by being com-
pressed by (a) the first rib at a first point of contact
between the first b and the intercostal pump and (b)
the second rib at a second point of contact between the
second rib and the intercostal pump.

3. The method of claim 1, wherein the intercostal pump 1s
configured for placement in the intercostal space so as to be
activated by being compressed by (a) the first rib at a {first
point of contact between the first rib and the intercostal
pump and (b) the second rib at a second point of contact
between the second rib and the intercostal pump.

4. The method of claim 1, wherein the intercostal pump
comprises a {irst one-way valve in fluid-tlow communication
with the inlet and a second one-way valve i fluid-flow
communication with the outlet, the first one-way valve
configured to preclude material movement from a bulb to the
first tube, and the second one-way valve configured to
preclude material movement from the second tube to the
bulb.

5. The method of claim 1, further comprising:

extending the first tube from the pleural cavity of the

[person] persorn’s body to the inlet.

6. The method of claim 1, further comprising:

extending the second tube from the outlet to the peritoneal

cavity of the person.

7. The method of claim 1, turther comprising;:

adjusting the length of one or each of the first tube or the

second tube.

8. The method of claim 1, further comprising;:

coating one or more of the intercostal pump, the first tube,

or the second tube in anticoagulation factors.

9. The method of claim 1, wheremn implanting in the
intercostal space of the [person] person’s body the intercos-
tal pump such that the itercostal pump may be compressed
between the first ib and the second rib comprises implanting
in the intercostal space of the [person] person’s body the
intercostal pump such that an amount of surface area of
intercostal pump that 1s 1n contact with each of the first rib
and the second rib 1s maximized.

10. The method of claim 1, wherein the intercostal pump
comprises one or more of polyurethane, silicone, polyvinyl
chloride, or latex rubber.

11. The method of claim 1, wherein the first tube com-
prises at least one fluid-inlet perforation along 1ts surface.
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12. The method of claim 1, wherein implanting in the
intercostal space of the [person] person’s body the intercos-
tal pump comprises implanting the intercostal pump such
that the inlet and the first tube are each at least partially
disposed on the interior of a rib cage of the person’s body.

13. The method of claim 1, wherein implanting in the
intercostal space of the [person] person’s body the intercos-
tal pump comprises implanting the intercostal pump such
that the outlet and the second tube are at least partially
disposed on the exterior of a nib cage of the person’s body.

14. The method of claim 1, wherein the intercostal pump
comprises at least one resiliently flexible pump wall.

15. The method of claim 1, wherein one or each of an
outer perimeter of the inlet and [the] ar outer perimeter of
the outlet comprises a non-flexible material.

16. The method of claim 1, further comprising;:

removing soft tissue from the intercostal space.

17. The method of claim 1, wherein implanting in the
intercostal space of the [person] person’s body the intercos-
tal pump comprises implanting the intercostal pump such
that 1t 1s substantially parallel to the first rib and the second
rib.

18. The method of claim 1, wherein implanting in the
intercostal space of the [person] person’s body the intercos-
tal pump comprises implanting the intercostal pump such
that 1t 1s substantially perpendicular to the first rib and the
second r1b.

19. A method comprising:

implanting 1n an intercostal space of a body of a person an

intercostal pump [such that the intercostal pump may
be compressed between a first rib of the person and a
second rib of the person], wherein the intercostal pump
[comprising] (i) comprises a pump body, an inlet, and
an outlet and (ii) is configured such that, as the person
breathes, the pump body is compressed and decom-
pressed between a first ¥ib and a second rib of the
person’s body and thereby induces fluid flow (a) from
a first cavity of the person’s body via a first tube
connected to the inlet (b) to a second cavity of the
person’s body via a second tube connected to the outlet,
and wherein the intercostal pump comprises silicone],
and wherein the first tube comprises at least one
fluid-inlet perforation along its surface]; and

establishing fluid [communication] flow (a) between [a

pleural] the first cavity of the person’s body and the
inlet [with a] via the first tube, wherein the first tube
comprises at least one fluid-inlet perforation along its
surface and (b) between the outlet and [a peritoneal] te
second cavity of the person’s body [with a] via the
second tube.

20. A method comprising:

implanting in an intercostal space of a body of a person an

intercostal pump [such that the intercostal pump may
be compressed between a first rib of the person and a
second rib of the person], wherein the intercostal pump
[comprising] (i) comprises a pump body, an inlet, and
an outlet and (ii) is configured such that, as the person
breathes, the pump body is compressed and decom-
pressed between a first vib and a second rib of the
person’s body and thereby induces fluid flow (a) from
a first cavity of the person’s body via a first tube
connected to the inlet (b) to a second cavity of the
person’s body via a second tube comnected to the
outlet; and

establishing fluid [communication] flow between (a) [a

pleural] the first cavity of the person’s body and the
inlet [with a] via the first tube and (b) between the
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outlet and [a peritoneal] the second cavity of the
person’s body [with a] via the second tube, wherein
implanting in the intercostal space of the [person]
person’s body the intercostal pump comprises implant-
ing the intercostal pump such that (a) the inlet and the
first tube are each at least partially disposed on the
interior of a rib cage of the person’s body and (b) the
outlet and the second tube are at least partially disposed
on the exterior of a rib cage of the person’s body.

21. The method of claim 19, wherein the first cavity
comprises a pleural cavity of the person’s body and the
second cavity comprises a peritoneal cavity of the person’s
body.

22. The method of claim 20, wherein the first cavity
comprises a pleural cavity of the person’s body and the
second cavity comprises a peritoneal cavity of the person’s
body.

23. An intercostal pump comprising.

a compressible pump body that is configured for place-
ment in an intercostal region between two rvibs of a
body of a person;

an inlet adapted for attachment to a first tube that is to
extend between the intercostal pump and a pleural
cavity of the person’s body,; and

an outlet adapted for attachment to a second tube that is
to extend between the intercostal pump and a perito-
neal cavity of the person’s body,

wherein the intercostal pump is configured such that, as

the person breathes, the compressible pump body is

compressed and decompressed between the two vibs of

the person’s body and theveby induces fluid flow (a)
from the pleural cavity of the person’s body via the first
tube (b) to the peritoneal cavity of the person’s body via
the second tube.

24. The intercostal pump of claim 23, wherein the com-
pressible pump body comprises at least one resiliently
flexible pump wall that encloses an interior space.

25. The intercostal pump of claim 23, further comprising:

a first one-way valve that is in fluid-flow communication

with the inlet and is configured to preclude material
movement from the compressible pump body to the first
tube; and

5

10

15

20

25

30

35

14

a second one-way valve that is in fluid-flow communica-
tion with the outlet and is configured to preclude
material movement from the second tube to the com-
pressible pump body.

26. The intercostal pump of claim 23, wherein at least a
portion of the intercostal pump is coated in anticoagulation
Jfactors.

27. The intercostal pump of claim 23, wherein the inter-
costal pump is made from one or more of polyurethane,
silicone, polyvinyl chlovide, or latex rubber.

28. A fluid management system comprising:

an intercostal pump comprising a compressible pump
body, an inlet, and an outlet, whevein the intercostal
pump is configured to be implanted in an intercostal
space between two ribs of a body of a person;

a first tube configured to extend between the inlet of the
intercostal pump and a pleural cavity of the person’s
body; and

a second tube configured to extend between the outlet of
the intercostal pump and a peritoneal cavity of the
person’s body,

wherein the intercostal pump is configured such that, as
the person breathes, the compressible pump body is
compressed and decompressed between the two rvibs of
the person’s body and theveby induces fluid flow (a)
from the pleural cavity of the person’s body via the first

tube (b) to the peritoneal cavity of the person’s body via
the second tube.

29. The fluid management system of claim 28, wherein the
first tube comprises at least one fluid-inlet perforation along
its surface.

30. The fluid management system of claim 29, wherein the
intercostal pump is configured to be implanted in the inter-
costal space between the two ribs of the person’s body such
that (a) the inlet and the first tube are each at least partially
disposed on the interior of a rib cage of the person’s body
and (b) the outlet and the second tube are at least partially
disposed on the exterior of a vib cage of the person’s body.
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