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(57) Abstract: A control system for an arterial catheter (14) operable to selectively impede blood flow includes a processor (24) and
a storage medium (26) accessible to the processor (24) that bears instructions which when executed by the processor (24) cause the
processor (24) to execute logic including receiving a first signal representing a physical parameter associated with a patient in whom
the catheter is disposed, receiving a second signal representative of time, and causing inflation of a first balloon (28) on the catheter
to impede blood flow in the first artery. Based at least in part on the first signal satisfying a first condition, the instructions include
causing deflation of the first balloon (28). Based at least in part on the second signal indicating elapse of a predetermined time peri-
od, the instructions include causing deflation of the first balloon (28) regardless of whether the first signal satisties the first condi -

tion.
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CONTROL SYSTEM FOR ARTERIAL CATHETER
i FIELD OF THE INVENTION

The present application relates gooerally to vontrod aystezns for artenial catheters,

H & BACKGROUND OF THE INVENTION

As recopnized m ULS. patent mumber 7,867,185, incorporated herein by reference
w ity entirety, selectively blocking cortain arteries for lnuisd time can resalt i tncressed
plond flow through other arteries for thesapentic purposes. As understood  heretn,

X

sutomating some or it of the intlation protoco! can provide additional advantages.

SUMMARY OF THE INVENTION
It is 10 be understood that placoment of ballooms on 8 catheter in accordance with
prosent principles 3 not Umued to, I can be iw/on gatheter positions described in
USSP, 7,867,198 For augmenting artenad flow,
Accordingly, a control svstem for an srterial cathotor operable to selectively
unpede blood How in g first artery to movense Moad How in a second antery inohsdes at
least one processor, and gt least one computer readable storage medhnm accesaible 1o the

1

processor,  The computer readable storsge medium bears mstructions wiuch when

executed by the processor cause the processor fo execnte logie including recsiving
signal representing a physical parmmeter associated with a patient in whom fhe catheter I8
disposed, recziving & second xignal representative of timg, and causing inflation of a first
balioon o the catheter to impede blomd flow in the first artery. Based at least in part on

the first sigoal satiefving a first condition, the atructions blede causing deflation of the

first balloon.  Based st feast tn pant on the second signal indicating elapse of a
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predoterndned tme period, the instuctions inchude vausing deflation of the frst ballnon
regardiess of whether the first signal satisfies the first condition.

In some embodiments, the first antery is a femoral artery and the svcond artary 158

carotid artery.  Also b some enbodiments, the plysics! parameter may include blosd

pressage of the patient, pressure ternal o the first balloow, amoust of blockage of the

{irst avtery by the fivst balloon, andfor blood flow rate through the first artery.
Furthermore, in some embodiments, the catheter may welude 3 sccond balioon,

and the fogic executed by the processor when acoessing the instructions may furthers
snchude inflating the sevond halloon and, based at least in part on the Jest signal stisfyving
a condition, causing deflation of the second baliooa, The lustructions sy also inchuds,
based at feast in pant on the second signal mndicating slapse of o pradetornned thme
period, cmusing deflanon of the sccond balloon regardiess of whether the fist sigeal
satisfies the second condition.

Even fonther, f destrad in some embodiments in the first and second balloons may

he inflated stimultaneously with each other while in other embodiments the first balloon is
inflated before inflating the second balloon,  In embodiments where the first balloon is

milated before mflating the second balloon, the first balloon may be distal to the second
balloon but can also be proxamal to the second balloon.
In another aspeet, & control system for an artenial catheter operable o selectively

3

impede blood flow in a Hrat artery to morease blood Tow w1 second artery inchides at
feast one provessor, and at least one computer readable storage mednm accessible o the
proceserw.  The computer readable sorage mediom beass bstruchions which when
executed by the processor cause the processi to execute fogse including reveiving & fuxt

gnal reproserging a physical parameter associated with 2 patient in whom the catheter is

& ¢

disposed, receiving a second sigoal representative of time, and causing inflation of & first

[
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sailoon on the catheter o mnpeds blond How i the Hrst artery. Based at least in part on

the seornd signal indicating elapse of & predetermined thme period, the instractions inchude

cavsing deflationcol the fisst ballvon, Based at least in pavt on the first signal satisfving &

24]

first condition, the sinuctions include causing deflation of the first balloon regardless of
whether the second signal indicates the elapse of the prodetermined tims period.

i stll snother aspect, a method ncludes reogiving, at o control system for an
avterial cathetsr opewable o selectively fmpede blood flow in & first artery 0 increase

hlood fuw wr ¢ second artery, & first signad representing 8 physical parmeeter sssociated

i dispresd. The wethod also inclades seceiving g

<'I,
gt

with g patient in whom the cathsber

-y

causing nflation of a fivet balloon on the catheter

<

seeond signal representative of
o impede blood How o the Bt artery. Based at least in part on the first signal satistving
a first vonduion, the method nchudes cansing deflation of the first balloon, Based at least
i part on the second sgnsl indivating slapss of a predetermined time pertod, the method
mclades causing deflation of the Hust balloon,

The dewils of the present invention, both as to s structere and operation, can best

be anderstood m reforence o the accompanymg deawings, i wihich hike reference

numsrals refer 1o Mke parts, and mn whach:

BRIEF DESCRIPTION OF THE DRAWINGS
Figares 1-3 sre block diagraves of example catheler systems in sccordancs with
present principles;
Figures 612 are exemplary Jowchans of logie 10 be exeouted by satheter sysiens
i aconrdancs with present principles; and

Frgures 13-19 are exemplary user interfaces {Ulsh to be presevited on a display of a

catheter system in accordance with present principlss.

Lt
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DETAILED DESCRIPTIIN OF THE PREFEREBED EMBODIMENT

Referring tmtially to Figure 1, an exemplary system 10 Inclodes 8 cathler control
systemp 12, a cathelor 34, and a reservoir 16 {someihmes referred to hereln as a “fluid
sourge™) Finst describing the catheter control aysem 12, 8 woludes 8 {eg., touchs
enabledy display 18 and one or more speakers 24 for ontputting avdio such as audible
alerts waccordance with present principles. The catheter comtrel system 12 also includes
and at lvast one fpud device 22 such ax, eg, wn audio receiver/miiorophone, Revpad,
tonclpad, wiel for providing fgae andior commuands to 8 processor 24 {processors
sonsetimes reforred to herein as “controllers™} in accordance with present pringciples (eg.,
i provide mput according to the Uls of Figures 13191 Notwe that the processor 24 35
understond heretn as being configured for controlling the catheter control system 12 In
goonrdancy with present prineipdes and indead the operatiows of the gystem 1L

In addition o the foregoing, the catheter control svstem 12 alzo may also inclode a

astwork interface {not shown) v compnmdcation over at least one network {also not

shown) such o5 the Internet, an WARN, & LAN, ete. undsr control of the processor 24 to e
conmunicale with another device socd a5 a conyrater to o.g. provily alors, status updates,
aud catheter information conceming the catheter controd systom 12 as disclosed hersdn to

the other compuier (e.8. & compuier a8t § nurse’s station separgie from 3 pativnt’s room In
which the system 10 1 disposed). In any case, such s notwork bterface way be, 0.8, 8
wired or wireleas modem or router, of other appropriate interface such as, e.g., § wireless
telephony transceiver, In addition to the foregoing, the catheter control systen 12 includes
a tangible computer readable storsge mediies 26 such as disk-hased or solid state storage.
The medivm 20 is underdiood o store the sofiware code andfor logie discussed herein for

execution by the processor 34 in accordance with present prnciples,
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Now i reference to the catheter 14, # 8t be understood that the exemplary
catheter B4 pray be in fhad commuuucation with the reservadr 19 to miflate andior deflate
one or morg balloons 28 on the catheter 14 in sccordanve with present principles via eg
supply hanen 30 and rengs humen 32, and also to supply fluid andior gas to otier portions
of the catheter 14 in accordance with present principles. It is o be understood that the
reservedr 16, though shown ss beling separate from the catheter contro! systern 12, mav in
some embodiments form part of the system 12 andfwr be {o.g. mechanically) coupled

thevety, The catheter 14 may alss be m (e electrival) commaunication with the control

A8

systemy 12, either wireless {(e.g., using respective mansmitiersireceivers on the control

systemn 12 and catheter 14 pot shown) or wired via the exemplary wive 34 shown for
control of the catheter 14 by the control system 12 andfor for ransmilting inputs between
the catheter 14 aud controd system 12 {o.g., such ss the Mometyic parameter datafinpat
disclosed herein).  Also note that the reservoir 16 may be in {cg  olectrical)
cornmunication with the control system 12 so thay the control system 12 may contol the
reservolr 16 and sopply of fhuid o the catheter 14 in scomrdance with present principles,
Additionally, pote that although a single sopply lumen 30 and return humen 32 are
shovwsy, 1t i W be anderstood that i some embodireends each of the balloons 28 may be
separately andfor indepsndently controlled {e.g. inflated and defluted) such that g the
balloons need pot necessarily be in fluid commuonication with gach other and hath way be
connected 4 thelr own respective sapply and repew lomens. Thas, there being two

3

lumens may be

)

balloons 28 shown in exemplary Figure 1, i some embodiments four
employed in such a two-balloon configuration, & first supply lumen snd 2 fiest retumn
fumen both conununicating only with & first of the two balloons, and a secomd supply
hupen amd @ second retum Jumen both convuunicating ondy with a second of the mwo

balivons. Notwithstanding, also note that tn exemplary smbodiments a single hunen may

A
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ol

act as both a supply hunen and return heeen, either for both balloons or for @ single one of

o

the halloons should they be independently contolled in accordance with present
principles,
Additiorally, before moving onto Fugure 2 1t is 10 be understood that the catheter
14 {inchading g configaration and its Hud and electrical communication with the control
system 12 and reserveir 16) may be any of the catheters desoribed herein and those
mworporated by reference as set fonth sbove. Thus, it i to be understond that the system
H kx exemplary and may be used i scoordance with the principles and systenss disclosed
herein {as may any of the catbetersicatheter systems disclosed hereln or incorporated by
seterence). Thus, for example, sven though not specifically shown in reforence to Figures
2-3, one or more slements described dn reference to Figure 1 but omitted from Figures 243
may nonetheless be incladed in the systoms of Figures 2-3 though not specifically shown
for chaity. Furthermore, 1t 18 1o be undersiood that the coutrollers andior processors
desonbed horein are configured for exccoting the logic described herein,  Last before
describing Figare 2, note that ag ased hereln, “proximal” and “distal® in reference to the
catheter are paderstood 1o be relative o the systern 11
Now describing Figure 2, an exemplary systom 38 mcluding an exemplary catheter
48 13 shown, The catheter 40 inehudes o distal balloon 42, a proximal balloon 44, and a
distal np 46, A fuid sowrce 48 i alse shown and is undersiood to be in flaid
compuitcation with the catheter 40 via the supplviretum linefs) 3¢ 1o eg inflate the
balloons 42, 44, A controller 52 v abso show for executing logic in accovdance with
present priveiples to thus ¢z conted the catheter andior inflation and deflation of the
batloons 4%, 44, The controlier 52 is also wnderstood to be configured for recstving fnput

from & blood pressure monitor 30 that {isell recetves blond pressure tnpat fom one ov

more blood pressure sensors 34 {e.g. when the catheter 40 ix disposed in an antery of »
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clectrically connected o the blood pressure montior 58 o provide inpat thereto

#
Py
o
Y]
%
s
o
%5

via g at least one blood presswre Hne 38 extending longitudinally through at least s

portion of the catheter 40 and between the sensor{(s} 54 and mondtir 56,

As may be appreciated from Figure 2, the sensor(s) 54 may be disposed against,
» a‘

& 3

along, or proxiroeate 1o an wmner side of a vatheter wall of the catheter 40 that also inchudes

au outer side e.g. in Huid contact with 2 patfent’s blood s that the sensor(s) 54 may thus

~

semse blood preseure through the wall of the catheter. Altsmatively or i addition o

':!,

senstag hlood pressure though the catheter wall, the catheter wall may nclude a port{s) so
that the sonsor{s} 54 may be positioned at or proximate & the port fo thus be in Huid
comtact with the blood of & patient when disposed in the patient’s artery o thoreby sense
blood pressure.  Furtherpuire, note that the sensors 34 shown in Figwre 2 are shown as
being disposed longiudmally along portions of the catheter 40 that do not also include one
of the balloons 43, 44 disposed there along and i some mstances are thus disposed along
the catheter 40 st portions betwseen the halloons 42, 44, Nonetholess, note thay i desired
one of mone blood pressure sensors may be disposed longiudinally along s portion of the
catheter inclading the balloon aud miay even be positiomed within the balloon tself so that

blosd pressure may be sensed through s balloon wall o sccordance with present

principles.

Now addressing Flgure 3, a catheter 60 is shown as being disposed in oan
vesselartery 82 of & patiert in accordance with present principles. The catheter 60
wehules a proxmal balloor 64, 8 distsl balloon 66, and a distal tp 88, Alse shows o an
miagery mobe 7O understood to be disposed within or proximate to the patisnt {eg bt
i ineide the avtery 623 The probe 78 15 clectrically conmected 10 g controller 72 fo

provide input thereto via a line 74, Thus, i accordance with mesent promwiples, the

imagery probe 70 may he posttioned in or near the pationt at or proximats to the anery 82



WO 2015/094476 PCT/US2014/061740

such that ocoluniont {eug., pavtial or fully of the anery 83 way be detenoined by the

controlier 72 baased on imagery frons the probe 73, The controller 72 may thus provide an

ndieation of seclusion {e.g. on a display such av the display 18 Jeseribed sbove) ina
pescsniage parameter {e.g the amount of cechusion indicated as a percentags). The probe
70 may be, for example, an ultrasonic probe, or it may be a probe that seases radlopaque
dye that has been mjected either into the patient’s bloodstresin, or sHermatively intn the
Badloorns, or @ ey be another appropriste imaging probe.

Contimuing the detaled description in reforence to Figure 4, s catheter 76 1s shown
as being disposed in an vesselfantery 78 of a patient o sccordance with present prineiples.
The catheter 76 mchades a proximal balloon 80, a disal balloon 82, and g distal gp 84
Also shown are temperatuve andfor How yate sensors 86 disposed agamst, along, or
proximate 10 an e side of # catheter wall of the catheter 76 that alse inchudes an outer
side ey, in fluid contact with a patient”s blood in the artery 78 s0 that the sensors 86 may
gather fnputmesswrements (e tempertwre andior blood How rate) regarding cardue

i accordancs with present principles and provide the measurements to a controlier

o
o
ot
S
o]
=
e

5

&8 clevtvically comected therato via hine %0 extending longitudinally slong the catheler 75,
1 being endenstood that the controlier && 18 alan elecinically connected to temperatare
controller 92 via ling 84

Thus, for sxample. cardiac outpt {eg blood flow) may be measured guing 3

s

temperate difforsotial between two or more {omperatore signals from semsors 88

disposed along different portions of the catheter 76 and scomrdingly o.2. blood flow may
be wversely proportiomal o the toroporatwre differentialichenge W fomprrature.

Nouetheless, pote that ports may also be included on the catheter 76 along portions of the
catheter wall where the sensors 86 ave disposed such that the sensors 86 may be in fluid

cortact with the patent’s blood via the ports 1o gather measuraments 1o scorwdancs with
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present principles.  Further note that 1o embodimenty where blood passes thiough e.go s
portion of the catheter 70 #self, measorements may be taken by the sensors according fo
temperature/flow within the portion (3t being undersiood that similar observations apply o
the measurements gathered using the catheter 40 described sbove as well)

Now addressing Figwre 5, vet avother exemplary catheter 96 s shown, The
catheter 98 cludes a prosimal balloon 100, a distal halloon 102, and & distal up 104,
Alse shoaen 1y at least one sensors 108 located wide a balloon{s} such as the distad
balloon 1 for measurng {e.g. interor/intersal} balloon pressure of the balloon in whack
the sensor 140 1a disposed. The one or more sensors 106 are thus electrically connected o
a preasure sensor wmt 108 via lne 110 that sxtends longitudinally slong 8t least an innee
portion of the catheter 95 o provide frput thereto, where the prossuwe sensor it 108
wsell electvioally comected to & controlier 112 via a Boe 114 for providing input thereto on
balloon pressure {e.g. for the controller 112 o configure the catheter 96 and specifically
one or more of the balloons for a desired 1aflation pressure, artery occhision, andfor fo
address » catheter leak andfor o provent the balloon from bursting or ropiuring). Bach
balloon can have its owr utermial pressure sensor,

Continging the detailed deseripfion i vefersnce {0 Figure 6, an exemplary flow
chact of logie for inflating at least o distal balloon of 4 catheter n accordance with prasent
principles iy shown, Begiloning ot block 120, the distal halloon 1 inflated at an {o.g
constant oy pulsed) milation rate. Thew at block 122 the logw: observes andfor monitors at
teast one biometric parametor such a5 those disvussed above {e.g., blond pressure, vessel
occhusion, cardige ouiput, interior balinon pressure, o1}, Thereafter, at decision Mamond
124, the logie detemeines whether at least one of the bloapoine parsmetors has beon
satisfied ~ eg., that it is owt of {eg., sbove or below) an acceptable, preforred, andior

normal level or range {e.g. as input by a physician o the system processory. H a positive
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determination is made af diamond 124, the logic mwwves {0 block 126 where the logle

3

deflates the distal balloon and even provides an alarm (e 8 visual alarm via 8 display

N

isplay 18 described above andior audible alarm such as a bell or emergency

o
o
oo
e
ooy
N
P
-
el
i
.

tone via a apeaker such as the speaker 20 described above). I however, 8 usgative

deternunation s made at diamond 134, the logic instesd procseds to decision dtamond

Pk

’y 23
&

At diamond 12§, the logic determines whether & maxunwn thoe {(e.g. threshold)
fias been reachedrsansfied for mnflation of the distal balloon (e.g. either or both of the
praxtmum fhne that milation 15 permitted or safe, sndéor the maximum time that the

batloon is permitted to s inflated once a desired wmilaticn pressure has been reached).

1

ck 136

3

it a positive determination s made at diamond 128, then the Jogic proceeds 1o blo
where the logic deflates the distal balloon and even provides an alarm as set forth aboyve
regardiess of whether one or more biometric parameters are satisfied. I, however, a
negative determinatien i3 made at diamond 124, the logie instead mwves to bleck 132
where the balloon inflation is mantsined. The logic then reverts back to diamond 124
thereatier and proceeds from diamond 124,

Now sddressing Figure 7, an exemplary 8ow chart of logic for inflating proximal
and distal halloons of a catheter in secordance with presert principles is shown.
Beginning at block 140, the distal balloon of s catheter s infisted at an mflation rate. The
logic then moves o block 142 where the logic obsworves aadfor monitors at least one
biometric paramster such as those discussed above.  Thereafler, the logic moves to

ek

decision diamond 144 where the logic deternynes whether the st least one of the biowaine

ok
tevd

parametars has been satiefled for mflating the proximal balloon of the catheter {such as,
e, cerebral blood flow over a baseling, there belug an inadequate cerebral blood flow

morsase, or 1o redoce consfruction/occhusion using the distal balloon o thus not complete

{‘)

34
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block an artery at or around the distad balicon). If at diamond 144 the logde determines
that the at lesst ope hiometric parameier has not been satisfied for inflating the proximal
balloon {eg. 8 conditon exasts based on the biometric parametsr where ¥t is aot
appropriate’safe to inflate the proxinal balloon), the logic moves o devision dimond 146,

At dismond 146, the logie determines whether a maximum time (s threshold)

~

oot weachedfsatisfied for inflation of the distal balloon {s.g sither o both of the

s

.’3

L
maximum tme thet infladion 8 permitted or safe, andfor the maximum time that ihe

balloon is penaitied to romain inflated once 3 desived taflation hay been reached)

regardiess of whether a binmetric parameter for the proximal balloon has been satisfied. If
a positive deterntination i3 made ar dianwond 146, then the logie proceeds o block 148

where the loge deflates distal balloon and provides an alermy ax set forth above, I
however, a pegative determination 18 made at dlamond 146, the logic instead moves o
Block 150 where the balloon inflation is maintained. The logic then reverts back to bock

3

142 from block 1530 and proceds accondingly.

Continging in reference (o Figure 7 but reforring back 1o decision diamond 144 for
deciding whether at least one biomelr parsmeter has been satisfied for mflating the
proxymal balloon, should a positive rather then a vegstive determmination be nade thereat,
the logis proveeds to block 152 instead of desision duwwmond 146, At block 153, the logwe
thus milates the proximal balloon of the catheter and then woves to decision diamnond 154
At dhamnond 154 the logie deterroines whether at least one biometnoe parsmoeter bas beey
satishied for deflating the proximal balloon in accordance with present principles. s
positive determination ¢ made, the logie then moves 1o block 156 where the logie deflates
the proximal balloon and g moves to dismond 162, shich will be desoribed shovtly

However, hefore descoribing dismond 162, reference is again mads to decision

diamoid 134 where, should 3 negative dotormunation be made ruther than g positive one
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regarding whether af least one biowetric parameter has been satisfied for deflating the
proximal balloon, the logie instead moves to decision diamond 158, At decision digmmond
158, the logic deternupes whether o mmaman tme {eg. thresholdd has been
reached/satisfied n accordance with present prinviples for deflating both the proximal and
distal halloons {eg., successively or simuliancousivy e.g. regardiess of whether a brometric
parapeter has besn satiafied for deflating the proximal balloon or both balloons, i a
positive determination s made at diamond 188, the logic proceeds o block 164 and
deflates both balloons and provides at least one alao  If 2 negatve determination is
made, the logie instead moves to dlamond 162

At decision diamond 162 and yegardless of whether the logie proceeded thereto
from block 136 or dismond 188, the logic determunes whether at least one Biometric
parameter has been satiafiad fiv deflating the distal balloon, 1 s positive determivaton ia
made at diamond 162, the logic moves o block 164 where the logie deflates the distal
balloom and then moves to block 170, which will be described shontly. However, if a

negative detenmination i3 made at damond 162, the logic proceeds to dlamond 168 where

[y

the logie derermines whether 2 maxionnn e {e.g threshold} has been reached/satisfied
4t accordance with presend principdes for deflating at feast ene of the proximal and distal
balioons {e.g. regardiess of a biometnis pararseter being satisfled). Note that if the logic
progeeded to diamond 166 abing 3 path including block 156, then at diamond 1686 the
detsrmdnation wvolves determining whether 1o deflate only the distal balloon since the
proximal one was deflated at bloek 156, Also note that if the logic procerded to dlamond
166 along a path mchuding divmond 158, then at dlamond 166 the determination involves

determining whether to deflate both the proximal and dista) balloons becsuse in such a

case the logie hay yet to deflate sither one.
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Regardiess, i a positive determination s made at diamond 166, the logie proceeds
to block 158 whore the fogie deflintos one or both balloons and provides at least one alavm.
Howsver, if & negative detsrmination is made at dlamond 168, the logic instead moves ©
Block 1700 At bloek 170 and megandless of whether the logic has moved thereto from
block 164 vr duammond 168, the logic continues (o monitor at feast ave blometric parameter
asdior time i secordancs with present principles and regardiess of the proximal and distal
balloon configurations being inflated, deflated, or any combination thereof depending on
which path may have been taken in the logie flow of Figure 7,

Now in referenice to Figure 8, an exemplary flow chart of logic for taflating af least
& proximal bslloon of g catheter In accordance with peesent principles is shown,

ginning at blogk 172, the proximal balloon 1 inflated st an {o.g. constant or pulsed)

whation rate. Then at block 174 the logie observes andior monitors at least one hiometrie
paramieter such as those discussed sbove {e.g., blood pressure, vessel ooclasion, cardiac

cutpul, imterior balloon pressure, ¢te.). Thereafler, at decision diamend 176, the logic

1

determines whether the at least one of the bivmetric porameters has been satisfied ~ e.g.,

o3

that i is oat of {e.g, above or below) an aceeptable, prefored, andior mowmal level or

s

range. IV g positive determoation v made at diamond 176, the lngic moves to blook 178
where the logic detlates the proxiioal balloon and even provides an alarm (2.2 & visual
alarm via a display such as the display 18 desoribed above andfor sudible alarm such as a
bedl or cmergency toue via 8 speaker such as the spesker 20 described above), I
however, & pogative determination i3 made at dismond 178, the logic instead provseds @

decision diamond 180

N

At diamond 180, dee logic deternones whether 8 mavimam Ume {og threshoid)

S

has been reached/satisfiod for wnflation of the proximal balloon {e.g. either or both of the

maximum thee that milation s peroutied or safe, andior the maximum e thar the
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batloon 18 permitted 1o remain inflated once a dosired mflation has been reached)
regardless of the biowmetnie parameter being satisfied. I s posttive determination i3 made
at diamond 180, then the logie proceeds o block 182 where the logie defiates the proximal
balloon and even provides an alarm as set forth above, I however, a vegative
determination is made af diamoend 180, the logic nstead moves 10 Block 184 where the
ballonn inflation s maintaimed. The logic then reverts back to diamond 176 thereafior and
proceeds aceardingly.

Toming now o the fow chart shown in Figure %, an exemplary How chart of logic
for mflating distal and proximal balloons of & catheter in sceordance with present
principies is shown but, i contrast o Figure 7, in Figure 9 the proximal balloon 15 inflated

Thus, beginning at block 190, the proximal balloon of a catheler is inflated st an

gy
o]
b3
W
et

for

52,

inflation rate. The logic then moves tn block 19Z where the logic ohserves am
morators at least one hiometrie parameter such as those discussed above. Theregatier, the
fogic moves o decision diamond 194 where the logie deternunes whether the at least one
of the hiometric parsmetors has been satisfied for inflating the dists! balloon of the
catheter, 1 at dismond 194 the logic determines that the at Jeast one blometic pamuoeler
fas w0t heen satisfied for inflating the distal balloon {e.g. a condition exists based on the
hicmelri parameter where 1 1s nod approprigiedsafe to nflate the distal balloon), the logwe
moves o deciston dismond 196,

At diamond 196, the logic deternunes whether a maxymuom time {e.g. tweshold)
has besn reached/satisfied for wmflation of the proximal balloon {o.g. sither ov both of the
maximam tme thet nflation & pervited or safy, andfor the swxismmm tme tet the
balloon s permitted 1o rerosin inflaied once » desived wdlation has been reached). I a
positive delenmination i made at dinmond 196, then the logic procveds to blogk 198

where the logle deflates the proxiosl halloon and provides an algnm as sef forth above. 1]

X
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howsver, @ negative delermination 1 made at dimmond 186, the logic instead moves t©
block 204} where the balloon tnflation is wmaintained. The logie then reverts back to block
192 from block 200 and proceedy accondingly.

Continuing in refersnce to Figare 9 but referring back to decision dimmond 194 fiw
deciding whether a1 least one bometric parameter bas been satisfied for inflating the distal
balloon, should g positive rather than a negative determination be made thereat, the logic
proceeds to block 302 stead of decision diamond 196 At block 282, the logic thus
inflates the distal balloon of the catheter and then moves to decision diamond 3. At
digmmond 204 the logie determines whether at least one bomeiric parameter bas heen
satisfied for deflating the distal balloon tn scoordance with prosest prineiples. I a positive
determination s made, the logic then moves o block 206 where the logic deflates the
distal bailoon and then moves to diamond 212, which will be deseribed shortly,

However, before describing diamond 212, reference s again made 1o decision
diamond 204 where, shonld a negative determination be made rather than a positive ong
regarding whether at Ieast one biometnic parameter hay heen satisfied for deflating the
distal halloon, the logie instead moves to deciston diagumd 208, At decision diamond

=

208, the logic determines whether a maximum fime {og tuwesholdd hasy been

-:'}

reachedssatisfied in accordance with present prineiples for deflating both the distal and
proximal balloons {e.g., successively or simultancously) regardless of whether a buvmetrie
parameter has been satisfied for doflating the diswl badloon or boah balloons. I a positive
determination is made af diamond 208, the logic procesds 10 hlock 210 and defiates both
baltoons and provides at least one alanm accordingly. I a negative delermunation s made,
the logie mstead moves o diamond 212,

At decision damond 212 and regordiess of whether the logic proceeded therein

o

from block 206 or diamoend. 205, the logie deternines wheiher at Izast one blometsic
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parameter has been satisfied for defloting the proximal balloon,  If a posibive
determunation s prade at dismond 213, the logic woves to Block 214 where the logu
deflates the proxinml balloos asd thew moves o bloek 220, which will be described
shortly, However, i # segative determivation i3 made at diamond 212, the logic prooseds
o iamond 216 where the logic determunes whether @ maximam Hime {e.g. threshold) has
been reached/satisfied 1n accordance with present principles for deflating at least one of
the proximal and distal balloons and regardless of a blometric parameter being satisBled.
Nirte that if the fogie procesded to diamond 216 along s path inchsding Block 206, then at
diamond 216 the determination ovelves detormuning whether to deflate only the proximal
balloon since the distal one was deflated st Block 2060 Also note that i the logie
proceeded to diamond 216 along 8 path Jochuding dismond 208, then at diamond 216 the
determunation nvolves detenvining whether to deflate hoth the distal and proximal
balloons because in such a8 case the togic has yet to deflate either one.

Regardiess, i a positive deternunation §s made at dismond 216, the fogis proceeds
to hlock 218 where the logic defiates one or both balloons accordingly and provides at
feast one alarm. Howsver, i 2 negative determination s made at diamond 214, the ogie
instead moves w bleek 22{0 At block 220 and regardless of whether the bagic has moved
therete from block 214 or dimmond 216, the logic contimuses o monitor at lesst ope
bismetric parameier andfor thime W accordance with present principles and regardless of
the distal and proximal balloon configurations being inflated, deflsted, or any combingtion
thereof depending on which path may have been taken 1o the logic flow of Figare 8.

Countinuing the detailed description o reforencs o Figare 10, an exemplary flow

chart of logie for inflsting st least a distal balloon of g catheter 1o accordance with present
principles s shown., Beginmng at block 238, the distal balloon 13 inflated at an {e.g

comatant or pulsed) inflation rate. Then at dock 232 the logic observes and/or miuitors
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;

time {o.g. based on a threshold} 1o accordance with present prnciples, v wither tme

while inflating or total time fromwn the begioning of milation and comtimuing afler indflation
ceases g while the distal balloon is stil! n an at least partially inflated configuration onee
a desired wflation has besn reached. The logic then moves o decision diamond 23
where the lngic determings whether e time(s} described immadiately above fs “up” in
that 2 detsmination 18 made {og, the timsds) deseribed heveirr has transpired andior
expived such that 3 determination is made} as to whether the distal balioon should be
defiated bazed on the tima(s), ¢.g. as determined by a physician and input to the system
exeouting the present fogic. I a positive determination s made the logic then moves &
block 236 where the logic deflates the distal halloon and provides at least one alame
accordance with present principles.  However, if 3 negetive determination is muade at
Hamerd 234, the logic instead moves o dimmond 238,

At disraond 238 the logic detormings whether at least one bometric parameter
such ax those discussed above hay been sansfied for deflation {e.g., regardiess of whether

nels) is up} in accordance with present principles. I a positive determination 15 made at

diamond 238, the logic proceads o block 340 where the logie deflates the distal balloon
snd provides an alarm v secordance with present principles. 1) however, a negative
determination is made at diavwond 238, the logie instead proceeds w block 242 where the
distal halloon inflaton s mamtained.  The logic then reverts back to diamond 234
thereaftor and proceeds accordingly.

Moving 1o Figure 11, vet another flow chart is shown, this one pertaming o
nflation and deflation of proximal and distal balloons based on time bt also deflating the
balloons regardless of tme if ope or more Momsivie parameters are satisfied. It is 1o be

understood that as desoribad below, balloon mumnber one may he the proximal balloon of a

catheter and ballnon number two the distal balloon of g catheter, though present principles

1y
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3

recogaize that in other enthodiments the roverse may be the case in that balloon number
one may be the distal ballson while balloon number two may be the proximal balloon.
Regardless, the Ingic of Figure 11 begins at block 280, the logic inflates balloon munber
one fir an inflation timw in accordance with present principles. The fogie then moves o
block 252 where 3 do loop is entered while balloon numbor one iv infleted. The logie

thereafler proceeds to block 234 where the logic monitors at least one biometric parameter
tn gceordance with prosent peinciples, and then moves to decision diamond 236 where the

logic determunes whather at least one of the at Jeast one monitored biometric parameters

bad it acoordance with prosent princypdes {eg. outsitde of an accvepted range for the

biomsiric parameter during which i i3 sl safe amdior profersble thet the balloon be

inflated}.

2., that one of the hiometrl

&
&2

if a positive determination is made at dlamd 236 (&
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parameters is outside the accepiable rangel, then
togic deflates balloon rumber one and provides an alagm @ accordance with present
principles.  Howewer, i a negative determination is made at diamond 258, the fogic
wmstead moves to block 250 where the logic nflates balloon mumber two e after a change
o fimie {e.g. at a tiroe after the first balloon was inflated). Thereafter, the logie proceeds to
hiock 262 where, while both balloons sre milated, a do Ibop 15 entered.

The logio then procesds o hlock 264 where the logie montlors at least one
biometric pasameter {e.g for each balloon wing e.g. sensors in each balloon, where the
biometnic parameter being measured nead not be the same type for cach balloon but
nonstheless may be if desived). After block 264, the logic proceeds to deaision diamond
266 whers the logic determines whether at least one of the at least one monitored

biomwinte paramefers is bad in sccordance with presenmt principles {eg. culaide of an



WO 2015/094476 PCT/US2014/061740

aceepted wange for the biometric paraneter during which 1 ix still safe andior preforable

that the ballron be wdlated).

if 2 positive determination is roade at danwnd 266 {g.3., that one of the biomettie

parameters ¥ outside the accepiable range), then the logic moves tr block 208 where the
togic deflates the ballovws and provides an slane i accordance with presemt principles.
However, i 2 negative doetermination is made af diamond 266, the logie instead moves o
block 276 where the Ingic maintains inflation of the balloons wntil such time wach balloon
should be deflated at the end of & deflation period {e.g. predetormined) for that patticnlar
balloon ar for both batloons.

Before moving on to Figurs 12, note that in the context of Figure 11, time may
nonethelsss also be nwowitored as dexeribed horein such that ong or both of balloons ong

X

and two may be deflated hased on time regardiess of a biometric parameter being satisfied

o

as determined at diamonds 256 and 3668, Furthermore, note that in addition o or in bie of

making determunations based on hiometnic parameters at decision dianonds 236 and 264,

the determinations at these dimonds may be made based on tune {and e.g. afler such
deferminations based on time another determination may be made regardiess of time based

on one biymetric parameiern).

MNow in reference to Figure 13, another exemplary flow chart of logio for inflating
at least g proximal balloon of a catheler i accordance with present principles s shown.
Beginning at block 280, the proxima! balloon s inflated at an {e.g constant or pulsed)
inflation rate. Thes at block 282 the logie ohesrves andfor monitors time {e.g based on a
threshold} in acoordance with present principles, eg. erther thne while mflating or total
time from the beginpdng of tnflation and continuing afier inflation ceases bat while the
proximal balloon s still in an at least partially inflated configuration once a desired

nflaticas has been reached. The logic then neoves to deciston diamond 284 where the logie
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determings whether the tme deseribed immediately above Is “up™ in that a determination
is made {eg, the thueds) described horein has trapspired andfor expived such that a
determinmtion s made} as to whether the proximal balloon should be deflated based onthe
timefsy, eg as determingd by a physician and input to e system executing the present
fogic, I a positive determunation is made the fogie then woves to Bock 286 where the
logic defiates the proximal balloon and provides af least one slanm i acrordanes with
present principles. However, if a negative determanation iy mady ot diamond 284, the
fogie instend mwves o dlamond 288,

At diamond 288 the logic delermines whether at least one honinie paranieter
sich as those discussed above has been satisfied for deflation {o.g., regardiess of whether
nme 1 upt in accordance with present principles. M a positive deterpnination iy made at
Gtamond 288, the logic proceeds to block 290 where the logle deflates the proximal
balloon and provides an alwrm o gecordance with proseot principles. M) however, a

AL

negative defermination s made al dlamond 285, the logic instead procerds 1o block 292

where the proximal ballcon mflation » mamtained.  The logic then veverts back ©
diamond 284 thereafter and proceeds accordingly.

Befors moving on to Figures 13-19, it is to be understoond that although not
explivitly shown on the face of Figures 6-12, present principles recognize that when
miflating one or move halloons in accordance with presend prnciples at e an mmflation
rate, inflation may be stopped once g a specified {o.g., predetormined as input andfor
determined by a physician prior o inflation) pressure i the balloon has been reached

Furthermore, presend principles recogmive that while inflating sndfor once the specified

3

mmflation leveVpressure has been resched, emror cheeking way be performed by the
processor executing the logie discussed above to g, identify balloon leaks and other

mechanieal and/or electrival {e.g. computer systam) errors, and that upon identification

N
PAY
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andfor determination of an <rror, inflagon may stop oven if before the desived balloon

srassure is weached.

;..,.-

Further in reference to Figures 612 and although not explicitly shown in their

x 3

it is fo be poderstood that balloon inflation may be mainteined 1 betwesn steps of

ﬁ‘C

P

mflating and then deflating the balloons, Thus, eg., the logic discussed herein may
mchude inflating o balloon in accordance with present principles, then nuinteiming the
cnrreit pressuwre {eg. reached during inflatics) for s a ithreshold thme andior
predetermined timse, and then deflating the balleonds) i accordance with present
prinaiples.

Continuing the detaled description in veforence o Figures 13-1%, exenydary user

inferfaces {UIS) that ey be prosented on e & display of 8 catheter systom soch as the

display 18 in accordance with present principles is shown, Thas, it i8 to be understood
that the Uls of Figures 13-1% may he used in corgunction with logic exenuted by &

~ b v

procossor such as the processor 24 and as represented by the exemplary flow chats
3 3

deseribed sbove 1o undertake present principles {e.g, the Uls may be owanipulsted to

provide fmput 10 a system processor such as the processor 24 to undertake/execufe a

function in acoordance with present principles such as e.g. 8 distal balloon deflation based
Oft e OF usst iput)

Begimning first with Figure 13, a UT 300 v shown. The U1 300 moludes o prompt
343 regarding whether 1o begin mflation, along with a ves selector 304 selectable to cause
milation o begin for one or roore balloens in aceordancs with present prineiples, and a no

selector 306 selectable to provide mpat 1o the systern 1o not begin inflation.

(g

Figure 14 showy a U 30R mchuding an tndicator 310 that at least 8 first balloon i3
milatiig. Also shown 3 a8 representation 312 of & catheter (2.2 an fcon representation)

kS

that moludes bi-directional arrows 314 verueally disposed within the representation 312
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and prnting away from each otffer (2. vp and down) 10 indicate that the Hrst balloon of
the representation in which the arrows 34 are disposed v inflating (o in the presest
mstanee, ndivating that the proxinl balloon iz dflating). Also shown is a cancel selector
elomment 116 scloctable 1o cancal andior stop the nflation {£.g., a manual override) andfor
to cause the balloon i deflate. Furthermore, the U1 308 includes a parmmneter ingdicator

31¥ ipdisating & {e.g. Cuwrrent) biometric parameier belng mondored m avcordace with

preseat pringiples, and o clapsed tine wmdieator 320 wulicating e.g. the thwe elapsed suwe

the start of the balivon jnflatiow

Movimg on & Figure 15, an exemplary U 322 is shown for indicating that =
second balloon of a catheter s willating in accondance with presert priveipdes, m this gase
the distal balloon, as reprosented by indwator 324, Also shown is a representation 326 of
a cutheter that bwehudes biwhreciomal arrows 328 symilar to the arrows 314 described
above i that they indivate that 2 balioon s inflating, m this case the second, distal balloon,
A wancel selegtor element 330 s slso shown for canceling anddor stoppmg inflation of &
teast the second balloon, but may also be selectable for canceling andfor stopping mflation
oof both balloons andior deflsting them, Funtbermore, the UL 322 jncludes plum! parameter

indivators 333 indicating respective {e.g. current} biometric parsmeters heing monitored in

accordance with present principles for cach of the balloowns (though i addition 1o or o lise

-
v

H ior&zgomL, a cumelative ometnis paramaiey and/or overall hiometne (RTEmMey

B
o
Seaies
b

may be presented). Also shown fs an clapsed tme indicator 334 dicating e the thme
elapsed since the start of the second balivon inflation, but in some wstances may wdicate
the tinwe elapasd since the begimning of mflation of the first halloon.

Continging in reference to Figore 16, a deflation UT 338 & shown for tndicating
that the first balloon s deflating, as indicated by indicator 337, Thus, a representation 338

by

ef a catheter includes bi-dircotional amows 340 venically disposed within the

2
s

£
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repwesentation 338 and pointing foward each other {e.g. down and up towarnd the nuddle of
the amow) fo indicate that the ot balloon s deflating {eg in the present instasce,
indicating that the proximal balloon s deflating). Also shown s g canvel seloctor element
342 selectable W cancel andior stop the deflation (e.g., # manual overnde) o thus maintain

3

an at feast partial inflagion of the balloon, andior o caose the balloow to re-inflate.

s

336 includes s parameter indicator 344 padicating a {e.g. curvent}

it

Furthermore, the
hiomeiric parameter being monitored In accordance with present principles, and an
slapased time indicator 345 mdicating e.g. the time elapsed since the start of the balloon
deflation, though in other instances It may indicate the total time the balloonsis) bas been
at teast partially inflated since s mutial inflation began,

Novw 1o refarence o Figure 17, an exempdary U 348 15 shown for indicating that a
secovid balloon of a catheter 1s deflating 10 acoordance with present principles, in thus case
the distal balloon, a3 repressuted by indicator 350, Also shown i3 2 representatton 352 of
8 catheter that inclodes bi-directional mrows 354 sioular to the arrows 348 described
shove in that they indicate that a balloon & deflating, w this cuse the second, distal
ballonm. A cancel sclector slement 356 s also shown for camccling andfor stopping
deflation of at least the second halloon o thus mainiain an at least pactial wflation of the
balloon, but may alse be selectable fr cancsling andior stopping deflation of both
balloons sndfor re-inflating ove or both balloons, Furthermors, the UL 348 meludes plupal

parameter indicators 358 indicaling respective {o.g. cirrent) biometric parmnele

Py

manitored I scoordancs with present pninviples for cach of the balloons {hough n

addiion 0 or in lew of the foregoing, 8 cumulative biometric paramster andfor overall

1

bimeinic paramster may be presented). Also shown i3 an elapsed tme indicator 360

indicating ey the thme elapsed aince the start of the second balloon deflation, though in
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other wnstances 1 mgy hdicste the total time the balloonds) har heen at least partially
inflated since #s utial inflation began,

Turndng now to Figure 1, a UL 362 s shown indieating that both the proximal and
distal halloons of g catheter n accordance with present primeiples are mflated, as
represented by indicator 364 and representanon 366 of a catheter showing two halleons m
an {eg at least parmad} inflated configuweation. Also shown on the UL 382 s a deflate both
selector element 36X selectable 1 cause deflation of both balloons at the same tme andfor
sequential deflation of the balloons. Also shown is 8 deflate one selector 370 selectable
for detlating only the first balloown if desired, and & deflate two selector 372 selectable for
deflating oaly the second balloon if desired. Though not shows, # i © be understood that
s or more parameter bin-indicators {e.g. for the balloons) such as those deseribed above
and an slapsed tme indiostor such as those descrtbed above may also be presented on the
U1 362 though not specifically shown in Figure 18

Conchuding the detatled desoription in reference to Figurg 198, 3t shows an alavm U
374 presentable when an alanm {3 1o be provided in accordance with prasest principles.
Thus, the U 374 inchedes alarm indicators 376 on top and botiom contral portions of the
Ul 374 and @ balloon indicaior 378 indicating that &t least one balloon is deflating in
accordance with present principles. The L 374 also includes a ropresentation 380 of a
catheter inchuding plural bi-directional arvows 382 that may be simtfar to the arrows 340
and 354 described above for indivating that the respective balloons in which they are
shown ay being disposed are deflating.  In addition, the UL 374 imnludes a cancel selecior

slement 384 selectable to cancel deflation of one or both ballooms, though i other
embodiments it is understond to be selectable merely o cavse o an audible alarm
presented along with the LY 374 o cease sounding andior to cause the UT 374 1o no longer

be presented on the display on which it is presented while nonetheless sl deflating the

T
Fon,
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halloons,  Addressing siomitancous nflation of the balloons deseribed hercin, i is to be
understond that in accordance with present principies, one balloen may be inflated while
the other simultancowsly deflated, Last, note that in exenplary embodingents stars 386 or
other suntable fcons indicating sn alamm (soch a8 e alarmy clock icons) wmay be presented
o1 of proximate 1o comers of the U374 1o further indicate an alarm 18 occurnmg.
Regarding amy/all of the Uls described above, it is 10 be understuod that these Uls
may include & tolal maxinuon or optiwal inflation bme as well a8 maxinnpn and

mintnum {e.g. optimal)y blometvic parameters.  Furthermore, different fimes can be

mddiosted on the Uls for each balloon {from the start of inflation of each balloon). Indend,

o

se Ul clements described above {as well as the catheter system component and logic

P49

%

1ay be combined, changed, and rearranged and thus the examplary figures above

f/}
m
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Eee

are not o be construed as Hmiting on the clamms {eg, 2 logic slep in sccordance with
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present principles may be added to one Hgure though not speedd
particalar figure or shown at a dufferent point n the logic than wherg it 15 o be added).
Alse, note that thresholds may be wsed tn accordance with present principles such that,

N

deterniinations are made based on bismetric parameter and/or time thresholds being

24
%
Cin

Wihowt reference fo any particulsr fgwre, # 8 © be understood that the

procedures and determinations detaiied m US. spplication sental mumnber 11042634,
meorporated herein by reforense, nay be incorpirated tnto the logic discussed heretn. For
sxample, during balloon inflation, if desired the processor executing logie in accordance
with present prinoipdes may pulse the balloons 1o cause g periodic relesse of constnchions
1o “reset’™ the body andfor Bood flosv, As ancthor example, orientation and positioning of

7 catheter may be checked by TEE, TTE, or altrasoond and these can even in part form

bomeiric parameiers m accordance with present prinviples.

e
[
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Before concluding, ¥ is 1o be undurstood that the wiflation tmes and males
described hercin can be diffvrent lengths of time and mflation rates m exemplary
embidiments where, ¢ one balloon s inflated and then another tv inflated. Addressiag
stvdtaneous inflation of the bafloons desertbed herem, 8 B 10 be understood that
accordance with present principles, one balloon may be milated while the other
flated.  Alse note that blood flow rate v accordance with prosent
principles may be measured &t varicus portions of the body W & is ot based on cardiac
outpat as desoribed herein.  Further still, note that fluoroscopie dve can be used im
accordance with present principles (o.g. inserted into an artery/blood streamy to deteot
blood How {o.g. blod flow augmentation} and accordingly blood flow may be a
biometsic parametsr v aceordancs with present principles determined at least i pari on
{e.g. detection of) flovw of fluoroscopie dve.  Addressing simultaneous inflation of the
balloons deseribed herein, it is 1 be understood that in scenrdance with present principles,
one balloon may be inflated while the sther stnultaneonsly deflated,

In addition @ the foregoing, more than ¥wo balloons may be used o some

instances {e.g., threel and may be condrolled in aceordance with the principles st forth
herein, Further aste that noclusion or construction of e an aniery using proximal and
distal halloons in sceordance with presem principles may bat need sot necsssanly be full
ogchusion and that partial occlusion may in some instances be appropriate,

Last, note that present principles recognize that the storage mediams discassed
herem may store e.p. nformation specific to a patient andfor & procedurs performed on the
patient, and that therefore the logic discussed above may incorporate such mifonmation
when inflating and deflating balloons {a.g. jnflate a halloon {0 a certaw bevel hased on a

previous inflation lovel previcosty applisd to that particufar patient in another procedure)

i accordance with present principles. For ivstance, the results of cach proceduwre {e.g.

{f:
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inflation rates, thmes, Jevels, e1¢.) may be stored for review by a physician when svaluating
a particuiar patient that has undergone the wrocedure.

While the particolyr CONTROL SYSTEM FOR ARTERIAL CATHETER i
heredn shown and deseribed in detail, it is to be understood that the subject matier which i

encompassed by the present fnvention s limited only by the claims,
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WHAT IS CLAIMED I8

Control system for an

at least one prow

Al

PCT/US2014/061740

terial catheter {14} ope

abie

fively impede

esaor {341

o seleety
ood How in a first artery 1o augment blood flow in a second avtery, comprising

{ least ene computer readable storage

provessor {24 and bearing instructions which when ¢

he provessor (3410

cute logic

recedving {230

blood flow i the first antery;

based at least in part on the
{240} deflation of ¢

{irat balloon {28} and
based at feast

n
predetermin

part on the
ed time pericd, causing

SR A

sties ¢

whether the first stgnal satis he frst condition

The s

syatem of Claiw
pressune of the patient

The systemy of Claim 1, wi

f1rst

ST Q8

balloon (28).

i the
imternal o the

2
=

> COMYWISIAG
¥} » Bursi sigoal reprosoni

with  patient in whom the catheter (14 15 disposed

2} a second signalr

2365 deflation of the

phyva

medrn {26} acceeathle 1o the

xecuted by the processor {247 cause

iy
i
RIL,

2 a physical parameder a

saociated

causing (230} nflation of a first balloon (28) on the catheter (14} o tnpede

st signal satisivin

2 & first condition, tausing

second signal indicating clapse of a

first halloon {28} regardloss of

, wherein the physical

parameter inchulss blood

3
N g
LLU

parameter nchudes pressure
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k3

The system of Clatrn 1, wherein the physical pamoeter includes amount of

:its

blockage of the frstartery by the first balloon (28).

,é.’
“4%
g

3. The system of Claim 1, wheremn the physical parsmeter includes blood flow

vate through the Srst artery.

&, The system of Claim 1, whorsin the frst anery is a fomoral antery and the

second artery 1@ a carotid sviery

7. The system of Clatmn 1, wherein the catheter {14} includes a second halloon

{28} and the logic executed by the processor (34) when accessing the instructions furthey

inclodes:
iuflanag the second balloon {38);
based at least fn part on the first signal satisfying 8 condition, causing
deflativn of the second balloon (28} and

based at least w part on the second signsd indicating olapse of a

-

srodetermned Hme pentod, causing deflation of the second balloon {28) regurdless of

by

whether the first signal satisfies the second condition

. The system of Clatn 1, wherein the catheter {14} inclodes 2 second balloon

{28} and the logic executed by the procsssor (34) when accessing the lnstructions fether

inflating the first and second balloons simulfapeausly with sach other.

28
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2, The system of Claim 1, wherein the catheter (14} includes a second balloon

e

{28} and the Ingic executed by the provessor (24) when sccessing the nstructons Ruther
inciudes:
mflating the firet balloon (28} hefore nflating the seooud balloon {281
HL o The systors of Claim 9, wherein the first balloow {283 iy distal o the second

balloon (28}

i, The system of Claim 9, wherein the finst balloon (38} is proxinal o the

second batloon (28)

120 Contnl systems for an arterial catheter (14) operable o selectively impede

blood flow in a first artery 1© 1nercase bload flow i a seconud artery, comprising:

at least one processor {24);

at least one computer rveadable storage medium {26} accessible to the
processor (34} and bearing instructions which when executed by the processor {24} caose
the processor (24) o sxeoute fogic comprising:

recerving {122} a fivet sigoal representing s physical parameter associated
wiih a patient in whom the catheter {14) 1s disposad;

recetving {125} a second signal representative of time;

vausing (120} inflation of & fust balloon (28) on the catheter {14) o impede
hiood How in the st artery;

based at laxt in pat on the second signsl indicating elapse of @

predetemuined tme period, sausing {130) defiation of the first balloon (28); and
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based of least i part op the first sigos! savefving o fest condition, causing

=

{136} dedlation of the foet balloon (38 regerdless of whether the sovond signat indicates

the elapse of the predetermined time perind.

i3 The system of Clawmy 12, whevein the physical parameter includes blood

pressurs of the patient,

3

t4, The system of Claim 13, wherein the physics! parameter includes pressure

¥

internal 1o the frst balioon (28)

15, The system of Clasn 12, wherein the physical parsmeter ncludes amount

of blockage of the {irst artery by the Hrat balloon (28},

1. The system of Clane 12, wherein the physical parameter includes blood

flow rate through the first artery.

17, The yestom of Clatm 12, wheredn the first avtery is a fomora! srtery snd the

R

second artery 15 8 caradid artery,

18 The system of Clavn 12, wherein the cotheter {14} inohuades a seoongd
balloen (28) and the logic executed by the processor (34} when acvessing the instroctions

further wmeludes,
milating the second batloon (28}

based at lvast In part on the second sigmal indwating elapse i a

prodetermingd time period, causing deflation of the second halloon {28); and

L
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based at least in part on the first signal satisfyving a8 condition, causing

deflation of the sgcond balloon (28} regardiess of whether the second signal indicates the

slapse of the predetermined time pedod,

19, The system of Claim 12, wherein the catheter (14} includes a second

balloon (28} and the logic executed by the provessor (34} when acosssing the nstractions

further mcludss:

mflating the first sud second balloons simultanenusly with each other,

20, The systern of Claum 12, wherein the catheter (34} moludes g second
baltoon (28} and the logic executed by the processor (243 when accessing the instructions

turther includes:

eflating the firet baliooun (28} before inflating the second balloon {28}

X

21, The systens of Claim 20, wherew the first balloon (28) iy distal fo the

second balloon (283

\

22, The system of Claim 24, wherein the first balloon (28} is proximal o the

sgoond balloon (28},
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