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FIG. 1

(57) Abstract: Disclosed is a chest drainage system which reduces or eliminates pooling of blood/liquid and/or clogging/clotting in
the drainage tube. Generally, the chest drainage system continuously monitors chest tube status and clears pooled liquid when neces -
sary to restore negative pressure to the chest. The system may include a valve device which is located between the patient's chest
tube and drainage tube and may be used with any standard chest tube. The chest drainage system also includes a controller for mon -
itoring the pressure at or near the valve device and/or at or near the suction device, and possibly a pump for assisting in clearance of
pooled liquid and/or clots. The controller may also control the valve device and/or suction device in response to pressure signals.



5.

U

o]
LA

30

WO 2016/054051 PCT/US2015/052960

POT PATENT APPLICATION

DEVICES AND METHODS FOR MANAGING CHEST DRAINAGE

CROSS-REFERENCE TO RELATED APPLICATIONS
{0061] This application claims the bevelst of prionity 1o US. Provisional Application No.
62/056,683 filed September 29, 2014 and ULS. Provistonal Apphication No. 62/136 488 filed
March 21, 2015 and U.S. Provisional Apphication No. 62/149 359 filed April 18, 2015 and
U.S, Provisional Appheation No, 62/181,031 filed June 17, 2005, each of which

wncorporated herein by reference w ity entirely.

FIELD OF THE INVENTION

{0021 The present invention refates to wound and surgical drainage.

INCORPORATION BY REFERENCE
j66631 All publications and patent applications mentioned in this specification ave herein
incorporatad by reference to the same extent as if each such individual publication or patent

application were specifically and individually indicated to be so incorporated by reference.

BACKGROUND OF THE INVENTION
{0084] Chest tubes ave required gnytime air or liquid accumulates i the chest epwity,
disrupling normal pelmonary or cardiac fanction. Suction 1s applied continuously to remove
any air or fluid from the chest until the internal leaks have sealed, st which pomt the chest
tubes can be removed. One of the most conumon yses of chest tubes 15 to drain the arey
arownnd the heart after cardiae surgery.
{0003] Despite thew benefits, current chest tube systems saffer from two major Haws. Fust,
as hgeid drains o the chest toward the suction container, 1t can pool in the drainage tubing
and prevent the applied negative pressure from being transnutied to the chest. When thig
ocqurs, the pressure in the chest can be reduced {0 zere or evan become positive, Sacond,
clogs can form that obstruct the chiest tube, which prevent the negative pressure from being

ransmitted to the chest and inlubit dranage. In fact, 36% of cardiac surgery patients
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expenence chest tube clogeing. When proper dratnage 15 inhibited due to these factors,
patients are at increased risk for accumulavon of (had around the heart, known as pericardial
tamponade, which results in shock and can be fatal. Additionally, the lungs nmay be
compressed, which can lead fo respiratory compronuse and be {afal as well.
5 [06866] Poohng of hquid in the drainage line can theoretically be remedied by keeping the
tubing straighit from the patient to the collection contner. However, ths is nearly impossible
i practice, as some slack is required to prevent accidental dislodgmg of the tube from the
body. To combat clogging, clintcians use two methods known as milking and stripping,
Mitking refers to line mantpulations such as lifting, squesring, or kneading. Stripping refers
10 toa pulling along the length of the tabe with the thumb and forefinger to increase the amount
of suction at the end of the wbe. However, these methods have not been shown (o be
effective at improving chest tabe suction or drainage. In fact, stripping has actually been
discouraged because it 1s possible to create extremely high negative pressures {up to ~370

emH;0) that may damage the tissue.

St
LA

SLIMMARY OF THE INVENTION
[6667] A chest dramage system is peeded which reduces ov eliminates pooling of
blood/hquid andfor clogging/clotting in the drainage tube.
[8888] Oue embodument of the dramage system may generally comprise a suction device
200 configured to generate a negative pressure, a first fumen body confipured for insertion into a
patient body, a second lumen body flaidly coupled 1o the suction device, a valve assembly
fuidly coupled to the first lumen body and 0 the second lomen body, wherein the valve
assembly includes at least a first valve having & closed configuration where the negative
pressure generated by the suction device 1s mamtained within the second lumen body, and the
25 fust valve further having an open confliguration where the negative pressure draws air from
an environment and through the second lumen body, a pressure sensor in compautication
with the first humen body, and a controller i communication with the pressure sensor,
wherein the controller s programmed to sense for a decrease m the negative pressure
indicative of an obstruction within the second lomen body, wherem the controller is Further
30 progammed to actuate the first valve o the open configuration upon sensinyg the decrease
to clear the obstruction. In another embodiment, the valve may have certamy mechanical

characteristics, including but not himited o crack pressure, such that it automatically open
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when the negative pressure decreases a certain amount, sliminating the need for the pressure
sensor and controller.

{6008 Another embodiment of the drainage system may generally comprise a suction device
configared lo generale a negative pressuve, a first fumen body configured for insertion o a
patient body, a second lumen body flaidly coupled to the suction device, a valve assembly
fhudly coupled o the first lomen body and 1o the second lumen body, wherein the valve
assembly includes at least a first valve having a closed configuration where the negative
pressure generated by the syction device s mamtained within the second lumen body, and the
fust valve further having an open configuration where the negative pressure draws air from
an environment and trough the first lumen body, a pressure sensor in commumication with
the first lumen body, and a controller in comnmpnication with the pressure sensor, wherein the
controller is progranuned fo sense for a decrease i the negative pressure indicative of an
obstruction within the first lumen body, wherein the controller 18 further programmed to
actuate the frst valve into the open conflguration upon sensing the decrease to clear the
obstruction. In another embodiment, the valve mav have certam mechanical characternstics,
ncluding but not linded to orack pressure, such that i automatically open when a cerfam
pressure differential exists between the first and second hunen bodies, ebminating the need
for the pressure sensor and controller.

[8018] In one exenplary method of use, the method for draming 8 body lumen way generally
compise applving a negative pressare {o a fwst huven body inserted info a patient body,
drawing a flwd from the patient body wia the fist lJumen body and through a second lumen
body i fluid communication with the first lumen hody, monitoring via a pressure sensor for a
decreass in the negative presswre as indicative of an obstruction within the second body
lumen, actuating a valve assembly coupled to the first umen body and to the second lumen
body upon detecting the decrease such that at least a first valve in the valve assembly sctuates
from a closed configuration, where the hegative pressure 1S mamiained within the second
fumen body, and into an open configuration, where the negative pressure draws air from an
enviomment and through the second lumen body, and clearing an obstruction from the
second lunien body via the air introduced into the second lumen body. In another exemplary
method of use, the valve may automatically open when the negative pressure decreases by a
certam amount, eliminating the need fo monitor pressure and actuate the valve,

[0011] In another exemplary method of use, the method for draming a body lumen may

penerally comprise applving a negative pressure to a first fumen body inserfed #nto a patient

]
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body, drawing & fluid from the patient body via the first humen body and through a second
humen body i fluid comnnnueation with the first lamen body, montoring via a pressure
sensor for a decrease in the negative pressure gs dicative of an obstruction within the first
body lumen, actuating a valve assembly coupled to the first lumen body and to the second
5 lumen body upon detecting the decrease such that at least a first valve in the valve assembly
actuates from a closed configuration, where the negative pressure is maintained within the
second lumen body, and into gn open configuration, where the negative pressure draws air
from an environment and through the first husen body, and clearing an obstruction from the
first tomen body via the ar mtroduced into the first lumen body. In another exemplary
10 method of use, the valve may sutonatically open when g pressure differential exists between
the first and second lumen bodies eliminating the need to monitor pressure and actuate the

valve.

BRIEF DESCRIPTION QF THE DRAWINGS
18 [8032] Fig | shows an smbodiment of the chest drainags sysien.
[0613] Fiz. 2A shows an embodiment of the valve device
{0014] Fig. 28 shows an embodiment of the valve device v use with an embodiment of a
chest tube.
[0015] Fig 3 shows another embodiment of the chest dramage system
200 [0016] Fig. 4 shows the chest drainage system’s ability to detect and clear pooled Hquid in
the drainage tebe.
[0017] Fig. 5 shows the chest drainage svsiem’s ability to detect clogs in the chest tube,
{06181 Fig. 6 shows an embodiment of a suction device.

[0019] Fizs. 7TA-TE show an embodiment of the chest drainage system relating to cleaning of

[
K ]

a chest tube.
[0020] Figs. 8A-8T) show an embodiment of the chest drainage system relating to clearmg of
a chest tube.
{00211 Figs. 9A-9D show an embodiment of the chest dramage system relating (o clearing of
a chest tube.
30 (8022 Fig. 10 shows an embodiment of the chest deainage system relating to clearing of a

chest tube.

4
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[0023] Fiz. 11 shows an embodiment of the chest drainage system relating to cleanng of a
chest fube.,
[8024] Figs. 12-14 show other embodiments of the chest drainage systen,

{0025 Fig. 15 shows g block diagram of o data processing system, which may be used with

(¥

any embodiments of the invention,

DETAILED DESCRIPTION OF THE INVENTION
16626] Disclosed 15 a chest drainage system which reduces or eliminates pooling of
blood/hiquid andior cloguing/clotting in the drainage tube.

10 [6627] The chest dramage system continuously monitors chest tube status and clears pooled
hiquid when necessary 1o restore negative pressure to the chest. The system may mclude a
valve device which 1s located between the patient’s chest tube and drainage tube and may be
used with any standard chest fube, The chest drainage system also wchudes 8 controller for
monitoring the pressure at or near the valve device andfor at or wear the saction device, and

15 possibly o pump for assisting in clearance of pooled liquid andior clots. The controller may
also control the valve device andior suction device 1o response o pressure sipnals. The chest
drainage system performs four primary functions:

{0028] 1. The chest dratnage svsiem detects pooled hquid in the drainage tube by monitoring
the pressure near the patient-external end of the chest tube. Pooled hiquid i3 indicated by o

20 decrease in vacuum {incregsing pressure). The chest drainage system measares pressure with
a sensor on or near the valve device. The valve device wmeludes a vent or valve which
prevents the transmission of bacteria and viruses.

[0629] 2. When pooled hquid 1s detected, the chest draing

ge system clears the drainage tube

pe

by opening 3 valve m the valve device to allow stenle air to sweep away the hquid mto the

[
]

drainage container. Optionally the pump may also be activated {o apply positive pressure
between the chest tube and dramage system andfor pegative presswre at the collection
container. Proper negative pressure af the chest 15 then restored, which prevents clogs from
forming in the chest tube.

{66360 3. In the event that clots or clogs do form, the chest drainage system detects clogs
30 the chest tube by monitoring the pressure i the drainage tube. The chest dramage sysiem
intenmittently closes the drainage fube via the valve device and checks for pressure

fluctuations due to respirations, which ave present in the absence of clogs.
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[0031] 4. In the eveni that clots or clogs are present, the chest drainage system may
addionally ¢lear the clots/clogs.

[0032] The suction device of the chest drainage system connects 1o the patient’s bed and
houses the electromics, mcluding possibly the controlier. The valve device may be disposable
and conmects o the chest tabe on one end and the dramage tube on the other.

[0033] In another embodiment, the valves are mechanical tued © activate at certain
pressures, eliminating the need for the pressure sensor and controller.

{00341 Fig. 1 shows an embodiment of the chest dratnage system. Patient chest 102 is drained
using the system. Chest tube 104 15 m direct flaid conmmmuanication with the chest cavity.
Dramage tube 106 18 in fwd comnuumcation with suchon device 108, Valve device 110
which includes ventivalve 112 1s between chest tube 104 and dvainage tube 106, Valve device
110 15 1 flud conmmunication with both chest tube 104 and dramage tebe 106, Valve device
116 may be controlfed by a controller or may be controlled wanually. The valve device may
be used to penedically close off fhid flow from the chest tube andior open vent/valve 112 to
allow ailr (o enter the drainage fube and clear anyv obstructions or slow fluid flow m the
drainage tube. The valve device may also be used with an additivnal internal humen in the
chest tobe to allow air to enter the proxinml end of the chest tube and clear any obstructions
into the dramage tube. The valve device may also mclude s pump to assist with drainage.
This clearing action may be performed on a pertodic basis, as with 3 timer, or may be
performed m response o a signal that the dramage tebe andfor chest tube s not flowmg
freely.

[0035] Pressure sensor(s) 114 may reside at various locations in the system, Here, a pressure
sensor 15 shown near chest tube 104 and also near suction device 108, Pressure sensors may
also be located w other places w the system, for example, near the chest. Pressure sensed at
one or more focation s used to determine whether there 5 an impedument to fluid flow
theough the system, If an mmpediment is detected, an audible alarm may sound, andior the
controller mav antomatically control the valve device {o clear the dramage fube andfor chest
tube. More detail on this 1s provided below.

[6636] Suction device [0S creates @ nepative pressure, or suction, fovce on the drainage tube
which is in fluid conununication with the valve device and chest tube. In this way, suction
may be maintained on the chest cavity to promote chest fhud drainage and aid with patient
breathing. The mechanism for creating the negative pressure may be a pump or any other

suitable mechamsm,

b
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[0837] The controller {(not shown) may be incomporated into the saction device andior the
valve device audfor be separate. Any commumication between the coutroller and the suction

device and/or valve device may be wired or wiredess,

{6638] Fiz. 2A shows an embodiment of the valve device. Connector 202 connecis (o the

5 chest tube. Conngctor 204 connects to the dramage tube. Daring normal operation, blood and
other [hads flow freely through the valve device m the direction of the arrows. Valve 208 i
normally open and valve 210 is normally closed. If an impediment to {luid flow is detected,
valve 210 may be opened to allow atmospheric or other air to enter the system through vent
212, Vent 212 prevents contaminaies i the air from emering the inner hunen of the valve

10 device and therefore the fwids within the system remain stentle. Because negative pressure is
being apphied to connector 204 via the suction device, air will flow through the system and

clear the drainage Hne. Valve 210 may then be closed {o allow for nommad drainage. The
opening and closing of valve 210 may be performed manually, or automatically via control of

the controller based on the messured pressures m the system, or avtematically based on

£S5 mechanical characteristics of the valve, mcluding but not limited to crack prassure. Multiple
openings and closings of valve 210 may be necessary to clear the hine. Valve 208 may or may

ot be closed during the clearing process, or may be closed for part of the clearing process.
When valve 208 1s closed, all the negative pressure created by the suction device 1s apphied 1o

the draipage tube and will be used to allow awr to enter and clear the systems. When valve 208

20 iz open, some of the negative pressure will be applied to the chest tube which may aid m
clearing any clotsfobstructions in that area. Valve 208 may only be opened if the obstruction

is not cleared by opening valve 210 alone. When valve 208 is open, care nwust be used to
make swe the chest 18 not exposed (o 100 nuch negative pressure which could cause inpav.

When valve 208 is closed, higher magoiude negative pressure can be used to clear any

F3
.

blockage if necessary. Optionally, when valve 208 is closed and valve 210 is open. the pump
may apply positive pressure across vent 212 to assist with drainage.

[0839] Also shown mn Fiz. 2A I3 contamner 206 which housas the various componanis of the
valve device, and pressare sensor 214, which may be mcorporated into the vadve device.
{60407 The valves may be any suitable type of active valve, such as a pinch vabve, solenoid
3¢ valve or ball valve. The valves may alternatively be passive valves, such as one-way valves,
pinch valves, check valves, ete. For example a passive one-way valve or valves may be ased
which allows chest dramage when suction is applied to the tube, but passively closes oftf to

prevent flow mio the chest when positive pressure is applied to the tube.
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[8641] Fig. 2B shows an smbodiment of the valve device m use with an embodiment of a
chest tube. This embodiment is used (o clear & blockage w the chest fube. Valve device 228
inchudes valve 216 with filier and optional pressure sensor 226. Chest wbe 230 1s connected
to valve device 228 so that the two fumens of the chest tube are in fluid conumumication with
the lamens of the valve device. Lumen 220 carmes air toward the patient, Lamen 222 caries
bloodfluids away from the patient. The non-patient side of valve device 228 is connected o a
drainage wbe and 8 source of negative pressure, Opeming 224 allows fluid comprumication
between humen 220 and humen 222, A valve may or may not exist in opening 224. Lumen
222 15 open on the patient end so that blood/flaids can drain from the patient. Lumen 220 i3
closed at pattent end shown here as air lumen end 224, Optional valve 218 may be controlled
by the controller to close off himen 222 to the chest/body cavity so that air 15 prevented from
entering the patient cavily.

[0042] When a blockage is present in the chest tube, either detected via pressure sensor 226
or otherwise, valve 216 is opened to allow air or gas, from the atmosphere or otherwise, to
enter lumen 220. Negative pressure applied to lunen 220 may also be increased by the
controller. The opeming of valve 216 allows aw/gas 1o enter the system and urges the contents
of lumen 222 to travel away from the patient and through the chest tube and e the draimage
tube {not shown here). After the chest tube blockage s cleared, either as sensed by pressure
sensor 226 or automatically or manually, valve 216 15 again closed and valve 218, if 1t 18
present, 15 again opened. If the negative pressare was increased, # is again decreased and
fuid can again fow freely through humen 222 and into the drainage tube. Valve 216 and
valve 218 may be controlled by the contreller or function antomatically or manually. Wired
communication between the controlier and valve 218 may exist within a hunen of the chest
tube or embedded within a wall of the chest whe. Commaunication betwesn any of the valves
andd the comtroller may also be wireless. Valve 216 may open sutomatically based on pressure
differentials across the valve. Valve 218, which may or may not be present, may alse close
automatically based on pressure differentials across the valve.

{0043] Fig 3 shows another embodiment of the chest drimnage system. In this erabodiment
valve device 302 is tocated neat, or incorporated o, suction device 304, The valve device s
conutected to a separate tube, valve tube 36, Pressure sensor(s} (ot shown} may be located
anywhere in the systeny, chuding pear the chest andior chest tube. If drainage tube 308
becomes blocked, as sensed by the pressure sensor(s), vabve 312 is opened to allow clearmg

of the hine. Valve 310 may also be closed, analogously to valve 208 1w Fig. 2A. I a pump 15
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used, 1 can assist with drainage by pumping shrough valve tube 306 and drainage tube 38
hack anto the collection contamer. Alternatively, the saction withmn the container may be
controlled by the device, mcreasing v vacuum magniude when valve 312 is open and valve
310 s closed m order to clear the dramage lime. Valves 310, 312, valve device 302 and
5 suction device 304 are controlled by a controller which may be incorporated into the suction
device and or valve device, or may be separate. Communications with the controller may be
wired or wireless.
[0844] Fig. 4 shows the chest drainage system’s ability to detect and clear pooled hiquid
the drainage tube. In section “A°, -1 emH2O of pressure is properly transmitted to the chest.
10 In section "B, ligud begins 1o pool in the bottom of the tube, resuliing in a decreased
negative pressure, I unresolved climcally, drainage would be tmpeded. However, in section
‘7 a valve in the valve device i3 opened and the hquid is flushed mto the drainage container,
resulting s restoration of proper suction i Section ‘D, In this example, the pressure sensor
is at or near the chest or chest wbe. However pressure may be measuved 1 other andior
{3 additional locations n the system. For example, pressure may be measwred at or near the
chest or chest tube and also al or near the suction device, and the differential pressure
measuwrement may be used o detect flow tmpediments or pooling or clotting of blood/ fhad.
[6045] In this way, the controller can identify impediments to fhud drainage via the absoluie
pressuve, change in pressure, pressure differential between or among 2 or more locations el
20 When an impediment to [had drainage s identified, an alarm may sound andior the controtler
may initiate clearing procedures, meluding opening andior closing valve(s) i the vabwe
device, as described elsewhere herein, The negative pressure may be increased, or changed in
other wavs, such as pulsed, reversed etc.

{0046] For example, 3f a pressure sensor near the chest 1s reading avound -1¢ emH29 o

f.2
(o)

around -20 cmH20 and the veading changes to zero to «§ cnH20, the controller may open the
valve to air i the valve device. The controiler may also close the valve (o the chest tube
the valve device. The controller may leave the valves m this position for a set peried of time,
say S-10 seconds or 10-30 seconds and then may retwn the valves o thewr regular positions.
The controller will then check the pressure readings and if they have returned to normal, do
30 nothing more. If they have not refurned to normal, mdicating a blockage or slowing condition
is still present, the controller may repeat the clearing procedure. This may be done repeatedly
until the tehimy 13 cleared. Alternatively or additionally, the procedure may change if repeat

clearings are necessary. For example, the magniiude of negative pressure used by the suction

Y
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device to clear the tubing may be increased, andior the negative pressure may be pulsed, The
clearing procedirs may be performed 1 response o the pressure readings ov it may be done
automatically on a perodic bagis.

[0047] Fiz. 5 shows the chest drainage system’s ability to deteet clogs m the chest tube. In
sections A" and “C7 normal suction s applied. In section "B, the chest drainage svstem has
entered clog detection mode and 15 watching for pressure fluctuations i the drainage systemn
due io respirations. When no clog is present, the fluctuations ave clearly seen, but when a clog
is present, fluctuations are no longer observed. When a clog 15 detected, the chest drainage
system sounds an alarm to alert the climician, allowing for timely ntervention. Alternatively,
the chest dramage system agtomatically beging clogiclot elinunation procedures. These
procedures may include draining the drainege tube, g discussed elsewhere herein. In
addition, these procedures may inclade applying energy o the chest tube and or the fuid
colanm, including wltrasonic enevgy, vibrational energy, sound evergy, mechanical energy,
squeezing energy ete. The energy may be provided by the pump motor or may be provided by
another source or sources.

{0048] The chest drainage system s of parlicelar importance with pediatric patients. The
amonst of suction applied 1o the chest i adults is around ~20 cnH20, but with children # 15
himited to around ~10 cmH20 © avord damaging thetr more fragile tissues. Wauh less
suction, 1t 1s more difficalt to clear pooled liquid or clots. Therefore the chest dramage system
may be even more beneficial with pediatric patients.

[0049] Fig. 6 shows an embodiment of a suction device. Pump 602 pumps 1 the direction of
the arrow 1o create negative pressure in the system. Drainage tube 604 1s connected to fhnd
collection reservoir/container 6006,

{60650] The chest dramags system may be used tn conjunction with a hospital’s own drainage
andfor chest tubes. More than one chest tube andior dramnage tube may be emploved by the
system, Tn the case of muluple chest tubes, the tubes may utilize shared or separate drainage
tubes. I separate, the chest dramage svster may montdor pressure and activate clearng
procedures and/or sound alarms on the drainage twbes individually. Alternatively, more than
one chest tube may be comected to one valve device, One suction device may be used with
muhtiple valve devices.

{80381] The chest dranage system may also include a chest twbe which is designed to ard in
clearing clots m the chest tube. For example, the chest tube may inclode an nflatable balloon

or bladder which pushes Huid and clots toward the drainage end of the tube. The chest tube

0
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may inchude a mechanical device which automatically or manually pushes Huid and clot
oward the drainage end of the e, The chest tahe may chide more than one tube, eithey
coaxial or other wise which can be moved either longitudinally or radially with respect to
zach other or both. For example, the chest tube mav mclude a tube within its dramage lumen
which can be moved with respect to the dramage fomen to dislodge clots ad retum flow
within the lumen to normal. This movement may be wanual or automatic, and mayv be of
smatl magnitude, such gs a vibrational movement, or may be of a larger magnitude, such as
t-10num or 1-3 con, The energy (o move the tubes may be provided by the punip motor of the
pump device.

[0052] In some embodmments, the pump device may be incorporated o the valve device.
This combination device mayv be at the dramage end of the drainage tube, or may be between
thi chest tube and the drainage tube. Hmay alizmatively be incorporated into the chest tube.
(0033 In some embodiments, the chest dramage system may nclude 2 pH seusor. Post-
surgery infection and empyema are of pariicular concern o climcians. The pH of fluid
drained from the body can be useful m diagnosing these, and other, conditions. To aid in the
diagnosis, the chest drainage system may include a pH monitor in the tubing, the pump, the
valve device, or anywhere in the system. The results may be displayed on the display device.
[0034] Figs. 7A-E show an cmbodiment of the chest drainage system which mncludes a
balloon for dislodeing clots andior clogs i the chest tube. Fig. 7A shows the end of a chest
tube which s placed o the chest of a patient. Some, or all, of this portion of a chest tube
may be the chest of a patient. Chest tube 702 includes opeming 706 and drainage holes 708. In
this figure the lefl side ol the figure/device will be referred to as the “chest end”. The

opposite end of the deviceAigure wilt be reterred to as the “ouiside end™. Blood clots or other

clogs 714 are shown here also. When clotsiclogs are present m a chest tube, the chest tube
clearing component of the chest draimage system 712 may be mtroduced o the chest tbe as

shown in Fig. 7B. Chest tube clearer 712 nuay be mtroduced via a Y-adapter at the chest
wbe/dramage tube interface, Alternatively, chest tube clearer may be incorporated mto chest
ube 702, The chest tube clegrer may or may not be moveable within the chest wbe.

[0055] Chest rube clearer 712 inclades inner shafl or wire 716, and balloon 714 connected 1o
the inner shafl, as shown in Fig. 7C. Balloon 714 15 inflated via an inflation lumen that is
fhudly connected to the mside of the balloon, runs throagh the shaft, and terminates outside
of the patient. The balloon can be inflated and deflated via the wflation fumen from outside

the patient. Inflation/deflation can be performed with a syringe, nflation device, manually or

b
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antomatically, Balloon inflation presswre s about 10 psi to sbout 400 psi. Allensatively
halloon inflation pressure is aboat 10 psi to sbout 50 psi. Alternatively balloon mflavion
pressure is about SO psi to about 100 pst. Alternatively balloon mflation pressure is abowt 100
psi to about 200 psi. Alernatively balloon inflation pressure s about 200 psi to about 404 pst.
{8856] Fig. 7C shows balloon 714 at the mitial stage of milation. The balloon of the chest
tube cleaver 13 designed to inflate [irst al or near the chest end of the chest tube. As balloon
714 15 mflated further, the balloon inflates further within the chest tube, as is shown n Fig,
7D, The movement of the contents of the chest tube caused by the mflation of the balloon
help move clots andfor clogs within the chest tube out of the patient and out of the chest wbe.
Fig. 78 shows a fally inflated balloon. The balloon s then deflated which allows the blood to
again drain freely from the chest through the chest tube 10 the drainage tube,

{88571 The balloon can be any effective length. The balloon can be arpund as long as the
chest tube, for example up to around 5O om long, or may be much shorter, for example
around 10 cm long. The balloon mayv be mflgted with air, gas, liquid, or anv appropnate floid
{00581 The balloon may be manufactured out of either compliant or non-comphant matenal,
or @ combination of both. In & preferred embodiment, the QD of the inflated balloon i3
approximately the same size as the 1D of the chest tube, however, the OD of the inflated
balloon may be snaller or larger than the 1D of the chest tube. The average OD of the
deflated balloon is designed to fit easily through the chest tube. Preferably, the average OD of
the deflated baltoon 13 sigmficantly smaller than the ID of the chest tube, so that blood and
fhads can easity drain between the two when the chest tube clearer 1v i place within the
chest tbe. Vacuurs may be apphed to the halloon to reduce the deflated QD of the balloon.
For example, the OD of the inflated balloon and the ID of the chest tube may be from around
8 mm to around 9 mun, and the average OD of the deflated balloon may be around 1 mm to
around 2 nun. In another example, the OD of the inflated balloon and the 1D of the chest tube
may be around 4.3 mm {o around 5.3 num, and the average OD of the deflated balloon may be
around 1 mm o around 2 .

[0039] The balloon may be designed 1o inflate closer to the chest end of the chest wbe firgt
by placement of the inflation hole, or the hole which fhudly connnunicates the interior of the
balloon with the iflation lumen. The mflation hole may be close to the chest end of the chest
wbe clearer. Alternatively there may be multiple inflation holes, the largest of which is nearer
the chest end of the chest tabe clearer. The balloon may also be folded mto a shape that

encourages the chest end to wnflate first. For axample, the chest end of the balloon may be

i2

SUBSTITUTE SHEET (RULE 26)



L

WO 2016/054051 PCT/US2015/052960

wrapped less tightly than the rest of the balloon. Specific folding gecmetnies mav be utihzed.
For example, pleated and/or folded andfor spival folded balloons may be used. Some of the
spectfic folding geometries may wncrease the unfolding pressure as well as exert a spiral
motion, or torsional, force upon any clots/clogs 1n the chest tube, which may help clear the
chest fube. The chest end of the balloon may also be larger, or more comphant than the rest of
the balloon to encourage inflation there first. The balloon mav require a relatively high
pressure to open, or overcome the folding/compression, for example, about § psi to about 30
psi, This along with an inflation hole nearer the chest end of the chest tube clearer, will foree
the chest end of the balloon 10 inflate first. Note that the pressure to open the balloon and the
pressure o inflate the balloon may be different pressures. Opening the balloon requires
overconung the foldmyg, compression or other nitial inflation pressure of the balloon. The
inflation pressure of the balloon s the pressure used to keep the entire balloon open, and
possthly exert force onto siwrounding materials, such as clots, ete.

[8060] Figs. 8A-8D show another embodiment of the chest tube clewrer. In this embodiment,
there are multiple balloons rather than one balloon. Fig. 8A shows the chest tube clearmg
device placed within the chest tube. The balloons of the chest tubg clearing device ave not
inflated and there is space between the outside of the chest wbe clearer and the mside of the
chest tube for blood/Thauds to flow.

{80617 Fig. 8B shows first balloon B2 mflated within the chest tube.

[8862] Fig. 8C shows second balloon 804 inflated. This figare shows first balloon 82 still
inflated, bat it 15 also possible that first ballvon 802 deflates after second balloon 804 15
wflated.

[8863] Fiz. 8D shows nwitiple balloons inflated. The balloons are inflated n order, or
sequentially, rom the chest end of the chest tube toward the outside end of the chest tube,
The balloons may nflate within the entire length of the chest tube, or just & portion of the
length of the chest tube. In this way, clots and/or clogs are pushed out of the chest tube and
out of the patient Into the drainage tabe. The balloons may also be mnflated i any other
preferved order.

[6864] The multiple balloons in this embodiment may be inflated via multiple wnflation
lumens, or one mflation lumen. There mav be one, two, three or more balloons. Balloon
length may be as short as around 1 cm or as lonyg as around 20 om.

[6865] Figs. 9A-9D show another embodiment of the chest tube clearer. In this embodiment,

the balloon, or halloons, are repeatedly mflated and deflated. This action may apply 1o any of
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the embodiments herain. In this nanner, the chigst tube clearer can break up the cloisiclogs
when inflated, and aliow blood and fleids to fow through the chest fube when deflated. The
balloon(s) may or may not milate preferentially from the chest end in toward the outside end.
The balloon(s) may alternatively milate and deflate all at once, or relatively all at once, along
5 the length of the chest tube. Ta this way, the balloon(s} may pulse, ov even vibrate or Hutter
within the chest tabe 1o clear the chest tbe of clots/clogs. The balloon{(s) may also be inflated
to a relatively low pressure, so that it'they are stightly lax, and Dutter naturally, Any of these
or other inflation/detlation programs may be controlled by a controller, For example, the
pulse rate, balloon inflation time, balloon deflation time, elc. may be controlled by a
1 controller,
[8066] Fig. 10 shows an embodiment of the chest tube clearer with multiple balloons. In this
embodiment, shaft 1002 includes balloon mflation opening HIO4 which is relatively near the
chest end of the chest tabe clearing device. The maltiple balloons are connected by humens or
channels 1006 which allow air andéor Mhud 1o flow from the first balloon to the second
£S5 halloon ete. in this embodiment, the first balloon, the balloon closest to the chest end of the
chest tube, mnflates first, When the pressure within the finst balloon reaches a cerfam
threshold, the inflanon fhad “leaks™ nto the second balloon via channel 1006 1o inflate the
second balloon after the first balloon. When the pressure within the second balloon reaches a
ceriain threshold, the inflation fluid “leaks”™ mto the third balloon, and so on. In this way, the
20 balloons i this embodiment inflate closer to the chest end first, and closer 1o the outside end
last,
[8067] Fig. 11 1s another embodiment of the chest tube clearer with multiple balloons. T this
embodiment, shaft 1002 terminates nside the {irst balloon, with open end 1102, Shaft 1002
may be mounted on wire 1104 for stability, so that the fivst balloon may be bonded to the end
25 of wire 1104, This allows for a large balloon inflation opening, 1102, without sacrificing
rigidity of the shaft.
[6668] Note that any of the embodiments of the chest tube cleaver can mternuitently close off
the chest tube so that any negative pressure applied to the drainage tube will not be applied
divectly to the chest cavity. This allows higher negative pressures o be used to dramn the
3¢ dramnage tobe. In other words, the halloon{s) m the chest tube clearer can essentially serve the
function of valve 208 i Fig. 2A0

[6669] Other embodiments of the chest dramage system are envisioned. For example:

i4
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[8070] the chest wube itself may be tapered so that the diameter of the inside of the be pets
smatler on onie end or the other.
[OR71] A wire, fifament, or other disrupter of any sort yeay be used to dislodge dotsiclogs in

the chest tube. The movement, vibration, rotatimgfscrew, shding ete. of this disrupter may be

(e

automated, either on a time schedale, or in response to the system sensing a clog in the chest

tube.
[8672] Other balloon configurations are envisioned. Some of these are shown in Fig. 12,

{08731 The chest tube itself could he configured to vibrate, of move i some manner 1o
distodge clots,
10 ]6674] The negative pressure {suction) exerted on the chest tube by the chest dramage system
could be pulsated or applied in a patterned or random way.
[6675] A catheter, wbe, andior fumen may be used (o spray fluid and/or drug, such as saline,
heparin ete. ko the chest tube.
[8076] The inside of the chest twbe may be conted with a dlippery andior hvdrophobie
15 substance andfor drug, such as Teflon, silicone, heparin, ete. The inside of the chest tube may
be textured in a way 1o increase flow, such as with dimples singlar to those on the outside of
a golf ball.
{06771 A bellow or bellows may be placed or incorporated into the mside of the chest tube.
[0078] The diameter of the chest tube may change over time. For example, the chest wbe
20 diameter may be designed to increase or decrease oceasionally o break up clots/clogs. This
change in diameter may occur on a regular schedole or in response to detecting a clot
sttgation. The diameter change may Buctuate constantly.
[6679] The temperature of the chest wbe may be increased or reduced from ambient andior

patient {mperatiie.

[
K ]

[008¢] A wbe mav be mserted or incorporated into the chest tube which has an outer
diameter close to the mner diameter of the chest tube. This inner tube may have holes w it
which match the location of the holes of the chest tube. The mmner tube may be moved relative
10 the chest tube 10 break up clots, particalarly at the chest tube holes.

[6681] The chest tube may incorporate mner valves.

30 [0082] A bubbles may be introduced into the chest tabe 1o help clear the chest tabe.

L

[6083] A wire, filument thread, ete. may cycle through the chest tube as 15 shown m Fig. 1

oo
Ly
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[0084] A pre-shaped corkscrew wire, such as made from Nitinpl, stunless sieel, metal,
pobyiner or other suitable material, may be deploved 0 corkserew alovy the imer wall of the
chest tube, then pulled axially to scrape/remove any clots adhered to the wall of the chest
tube. The pre-shaped wire cross section may be designed such that a
5 shoveling/scooping/peeling action occurs as the wive is pulled axially along the length of the
chest tube. The pre-shaped wive may also remam stationary and rotated 1o remove the clot
from the chest tube similar to an auger. The pre-shaped wire may form a variable diameter
along the length of the tube, such that sections of the pre-shaped wire touch the inuer wall of
the tube and other sections do not. The wire could be rotated and axially moved along the
10 wall of the tube to urge the clot to move through the tube to the collection chamber. The cross
section of the “wire™ of the corkscrew wire may be round, flat, or other suitable shape.
{0085] A ball or cage may be incorporated into the chest tube at the chest end of {he chest
wbe to help blood/ flaids enter the tbe.
[8086] The chest tube may have multiple armsdamens at the chest end o help bloed/fluids
15 enter the tube,
{00871 The chest tube may incorporate a steerng mechanism, for example a curved mandrel,
to felp steer 1t 10 better collect bloodiflaids,
[6088] The chest tube may incorporate a weight at the chest end to help it drain pooled
blood/luids.
2+ [0089] The chest tube may inchude an anchor at the chest end to anchor it o the inside of the
chest wall. For example, see Fag. 14,
{0098 Detecting infection
{60911 In some embodiment of the chest drainage system, the collection container, or other

component in the system, may inchide the ability to detect bacteria, blood andiother

3
(¥

substances i the draimage Thad using UVilight spectroscopy. For example the collection
container may include an optically clear section which is preferably incorperated into an
outside wall of the containgr, and a reflector section, which is praferably on, or incorporated
into, an iner wall of the container. “"Optically clear” here means able to wansout light at the
neaded analysis wavelengthi{s) through the optically clear section. Preferably the optically
30 clear section made of a material which 15 gble to iransnut UV hpght, such as
polvmethylmethacrylate, polystyrene, aorylic, quartz, eic. The wall thickness may need to be

thin enough to allow the appropriate UV wavelength{s) to he transmutted through the

optically clear section. For example, the thickness of the optically clear section may be from

18

SUBSTITUTE SHEET (RULE 26)



WO 2016/054051 PCT/US2015/052960

around 0.3mm to around 0. 7mm thick, Alernatively the thickness of the optically clear
section may be from arowd 6 Smm to arownd 0 6mm thock. Alternatively the thickness of the
optically clear section may be from around 0.6mm o around 0. 7nun thick. Altematively the
thickness of the optically clear section may be less than around 0. Tnum thick,

[6092] A UV/ight transmitlerfreceiver transnuls UV or other wavelength hight i the
appropriate wavelength through optically clear section, twough the fluid i the collection
contaner, to the reflector in the collection container. The UV light ransmitier/receiver may
be incorporated into, or connected to, the controller component of the chest drainage system.
The light is reflected back to the UV/hight receiver which then transmits the collected data to
the controller for signal analysis. More than one UVihght wavelength may be analvzed either
simultancously or serially. Light outside of the UV range may be used in addition to hght
within the UV range. The vohame of Thad physically between the transmission and receiving
of the hight s preferably maximized for 8 swongey signal veflecting the concentration of one
or more substances i the fluid. The transnutterfrecetver may be located i any wea of the
vollection container. The receiver may be in a different location than the fransmitter and the
reflector may or may nol be necessary nor present. In emboduments where the fluid i the
collection conmtainer is frequently emptied, the UVdight absorption weasurerents can be
collected over time and mcreases andior decreases m the level of one or more substances m
the drainage fluid can be tracked over tume, m essentially, or nearly, real time. This is
particularly important in dentifying infection guickly. The UViight detection may also be
performed elsewhere in the chest draimage sysiem, including in the drsnage wibing, the chest
tube, the valve device, a separate sampling area eic.

[6693] Infection may be identified by analyang the flaid for bacteria, red blood cells, and
plasma and/or white blood cells using UV light spectroscopy. The presence of plasma‘white
blood cells and/or bacterty in fluid are both mdicators of infection. The presence of red blood
cells may not be indicative of mfection. Therefore it 18 desirable to distinguish batween red
hlood cells and bactenia‘plasma/winie blood cells in the drained fhud. Since the specivoscopic

signature for red blood cells differs significantly frow those of erther bacterta or plasma‘white
blood cells, at a wavelength of about 414 nm, the signal for red blood cells can be separated
from those of bacteria andior plasma‘white blood cells, and an infection can be wentified by
analyzing the absorption of light at this wavelength. Because the signature for plasma and

bacteria differ from each other at the wavelengths of 260 nm and 280 nm, these wavelengths

£7
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can be used to distinguish between plasma and bacters. However, # 15 likely that both
plasima and bacterta may be present during an mfection.

[0094] Other wavelengths and other techunologies may alse be used to detect various
substances m the drained flud. UV/itight absorption miay also be wsed to detect turbidity. A
dyve or druy or reactive substance may also be mtroduced into the sysiem, or be coated on the
mstde of the system, collection contamer, ete, to react with a substance m the drained fhad to
aid 1 analysis.

[8895] Example of Data Processing System

{0096] FIG. 15 15 a block diagram of a data processing system, which may be used with any
embodiment of the mvention. For example, the system 1500 may be wsed as part of the
controller. Note that while FIG. 15 illustrates various components of 3 computer system, it 15
not intended to represemt any particular architechre or manner of mtercomnecting the
components; as such detals are not germane to the present mvention, It will also be
appreciated that network computers, handheld computers, mobile devices, tablets, cell phones
and other data processing svstemns which bave fewer components of perhaps more
components may also be used with the present nvention,

{8697 As shown in FIG. 15, the computer system 1500, which is a form of a data processing
system, includes a bus or inferconnget 1502 which 1s coupled to one or more microprocessors
1503 and a ROM 1307, a volatile RAM 13035, and & nop-volatile memory 1506, The
microprocessor 1303 is coupled to cache memory 1504, The bus 1302 mterconnects these
various components together and also mterconnects these components 1503, 1507, 1505, and
1506 1o a display controller and display device 1508, as well as to mput/outpwt (10) devices
1510, which may be muce, kevhoards, modems, network interfaces, primters, and other
devices which ave well-known in the art,

[0098] Typically, the mputioutpat devices 1510 are coupled to the systers through
nput/output controllers 1509, The volatile RAM 1505 15 typically implemented as dynamie
RAM {DRAM}) which requires power continuously m order to refresh or maintam the data in
the memory. The non-volatile memory 1506 is tvpically a magnetic hard drive, 2 magnetic
opticat drive, an opucal drive, or a DVD RAM or other type of memory system which
maintains data even after power s removed from the system. Tymcally, the non-volatile
memory will also be a random access memory, although this s not required.

{6699 While FIG. 15 shows that the non-volatile memory is a local device coupled directly

1o the rest of the compouenis 1o the data processing system, the present invention may utihize

I8
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a notevolatile memory which s remote from the systeny; such as, a natwork storage devics
which is coupled to the data processing system through a network interface such as a wodem
or Ethernet interface. The bus 1502 may include one or more buses connected to each other
through various bridges, controllers, andiow adapters, as 18 well-known m the arl. In one

5 embodiment, the O controler 15309 includes a USB (Universal Sertal Bus) adapter for
coptrolling LUSB penpherals. Altemmauvely, IFO controller 1509 mway include IEEE-1304
adapter, also known as FireWire adapter, for comtrolling FireWire devices, SPI (serial
peripheral interface), 12C (infer-miegrated civcuit) or UART {untversal asynchronous
receiver/tansmilter), or any other suitable technology.

10 [0100] Some portions of the preceding detasled deseriptions have been presented m terms of
algorithims and symbolic representations of operations on data bits within a computer
memory. These algorithmic deseriptions and representations are the wavs used by those
skilled in the data processing arts to most effectively convey the substance of their work to
others skilted in the art. An algorithim 15 here. and generally, conceived 1o be a self-consistent

{3 sequence of operations leading to a desired result. The operations are those requiring physical
man pulations of physical quaniities.

[6161] It should be bome i mind, however, that all of these and similar terms are © be
associated with the appropriate physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as apparent from the above

20 discassion, H 1s appreciated that thronghout the description, discassions utifizing terms such
as those set forth in the claims below, refer o the action and processes of a compuler system,
or similar electronic computing device, that manipulates and transforms data vepresented as
physical {electronic) quantities within the compuier systemy's registers and memories info
other data similarty represented as physical quantities within the computer system memories

25 orregisters or other such information torage, ransmission or display devices.

{61682} The techniques shown n the fgures can be mmplementad using code and data stored
and execaied on one or more electronie devices. Such electronic devices store and
eommumcate (nternatly andfor with other electronic devices over a network) code and data
using computer-readable media, such as non-transitory computer-readable storage media

30 (e, magnence disks, optical disks: random access memory; read only memwwy, flash
memory devices; phase-change memory) and transitory computer-readable lransmission
media {e.g., electrical, optical, acoustical or other form of propagated signals—such as carner

waves, infrared signals, digital signals).

£
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[0103] The processes or methods depicted v the precedng finres may be performed by
processing logic that comprises hardware {eg civeattry, dediented logic, etc), frmware,
software {e.g., embodied on & non-transitory computer resdable mediam}, or & combination
of both. Although the processes or methods are deseribed above m terms of some sequental
operations, i should be appreciated that some of the operstions described may be performed
in a different order. Moreover, some opergtions may be performed in parallel rather than

sequentially.

20

SUBSTITUTE SHEET (RULE 26)



WO 2016/054051 PCT/US2015/052960

CLAIMS

What is elalmed is:

1. A dramage assembly, comprising:

a suction device confipured to penerate a nepative pressure;

5 a first humen body conligured for insertion into a patient body;

a second lumen body Haidly coupled to the suction device;

a valve assembly flusdly conpled to the first lumen body and to the second himen
hody, wherein the valve assembly meludes at least a first valve baving a closed configuration
where the negative pressure generated by the suction device is maintained within the second

10 lumen body, and the [irst valve further having an open configuration where the negative
pressure draws asr from an environment and through the second hanen body;
a Pressure sensor i proximity o the patient body and configured to detect a pressure
within the first hunen body; and
a controller in communication with the pressure sensor, wherein the controtler is
15 programmed o sense for a decrease i the negative pressure indicative of an obstraction
within the second lumen body, wherein the controller 15 further programmed to actuate the

first valve nto the open contiguration upon sensing the decrease to clear the obstruction.

2. The assemibly of claim 1 wherein the first humen body comprises a chest tube.

20

Taa

. The assembly of claim | wherein the second lumen body comprises a drainagg

fube.

4. The assembly of claim 1 further comprising a drainage container in Juid

25 communication with the second humen body.,

5. The assembly of clamn | wherain the valve assenbly further comprises a second
valve aving a closed configuration which prevents flow frome the first lumen body into the
second humen body, and the second valve further having an open configuration where the

3 pewative pressure 1s maintained within the first lumen body.
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6. The sssembly of claim 3 wherein second valve is actuatable info s closed

configuration when the first vadve is actuated 1nto its open coufigaration,

7. The assembly of claum 1 wherem the first valve is actuatable automatically via the

5 coniroller or manually actuatable.
8. The assembly of clom | whevein the controller is programmed 1o continuously
monitor the pressure.
10 9. The assembly of chaim 1 wherein the controlier 1s progrmnmed to imlermitiently
actoate the first valve into s closed configuration.
10. The assembly of claim 1 further conywising ove or more indlatable balloous
which are positionable within the first lamen body.
i5

11, The gsserably of claim 10 wherein the one or move inflatable batloons are mllated

between about 18} psi to about 400 psi.

12. The assembly of claim 10 wherein a first povtion of the one or more nflatable

20 halloons are relatively more compliant than g remainder of the balloons,

13, The assembly of clamm 10 wherein the one or mors flatable balloons are
configured to inflate sequentially away from the patient body to facihitate a movement of

clots or clogs awav from the patient body.

14, The assembily of claim 10 wherein the one or more mflatable balloons are

coufigared to expand in a spival or torsional motion.

18, The assembly of claim 10 wherein the one or more inflatable batloons are

38 confimaed to be inflated and deflated repeatadiy.

%

.
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16. The assembly of claim 10 whereis the one or more inflatable batloons are

coufigared to pulse or vibrate withun the frst Tumen body.

17, A method for draining a body lumen, comprismg:

applying 3 negative pressure to a first famen body inserted #to a patient body,

drawing a [hod from the patent body via the first hunen bedy and through a second
lumen body i (had communication with the first hanen body;

actuating a valve assembly coupled to the fivst himen body and to the second lumen
body upon detecting the decrease such that at least a first valve in the valve assenibly actuates
from a closed coufiguration, where the negative pregsure 1§ maintained within the second
lomen body, and into an open configaration, where the negative pressure draws air from an
environment and through the second famen body; and

cleanng an obstruction from the second humen body via the air mtroduced into the

second lamen body.

18, The method of claim 17 wherem prior to actuating a valve assembly, further
COMPIISHLE MOMIONNG Via a pressure sensor for a decrease in the negative pressure as

indicative of gn obstruction within the second body humen.

19. The method of claim 17 wherein actugting a valve assembly comprises actuating
via a controfler in commucation with the pressure sensor, wherem the controfler s
prograsned o sense for a decrease w the negative pressure indicative of the obstraction

within the second lomen body.

20, The method of claim 17 further comprising mtroducing a chest tube mto the

patient body prior to applving a negative pressuse.

11 The method of claim 17 further comprising draining the fud inte a drainage

container m [had commumcation with the second lumen body.
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22, The niethod of claim 17 wherein actuating a valve assembly farther comprises
actuating & second valve from an open configaration, where the negative pressure s
maimtained within the first lumen body, and nto 8 closed configuration which prevents flow

between the first lumen body and the second lumen body.

23. The method of clamy 17 wherein the first valve 15 actuatable antomatically via a

controller or manually acluatable,

24, The method of clatm 17 wherein monftoring via 8 Prassure ensor conpises

continuously monttor the pressure.

25, The method of claim 17 wherein actuating a valve assembly comprises

intermittently actuating the frst valve fnto 13 closed configuration.

26, The method of claim 17 further comprising miflating one or more mflatable

balloons positioned within the first lumen body.

27, The method of claiin 26 wherein inflating comprises inflating the one or more

inflatable balloons between about 1 pst to about 400 psi.

28, The method of clatin 26 wherein inflating conyprises sequentially inflating away
fronm the patient body to facilitate a movement of clots or clogs away from the patient body.
29, The method of claim 26 wherein milating comprises inflating the one or mote

inflatable balloons in a spiral or torsional motion,

-

30, The method of claim 26 wherein inflating comprises inflating and deflating the

one or more inflatable balloons repeatedly.

31, The method of clamm 26 wherein inflating comprises pulsing or vibrating the one

or more nflatable baltoons within the frst fumen body.

24
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