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(57) Abstract: Disclosed is a catheter (10) comprising an elongasted
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(24,26). The length of the septum is greater than the maximum distance
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e

CROSS REFERENCE TO RELATED APPLICATION

This apphcation claims priordty wrder 35 US.C§110 to USSN 11428979, filed July ¢, 2008,

o o ruhiel arp 3 .
the contents of whizh are herehy incorporaied by reference.

TECHNICAL FIELD

This disclosige generally relates to medical devices, as well as related systens and

BACKGROUND

N3

Maodieal devices with multiple internal Tumens can be placed within veins, arteries, and

ks

¥

other body lumens, Examples of medical devices with multiple lumens include catheters and

stonix,

SUMMARY

in one aspecl, the invention generally relates to o catheter that inchudes an elongsted
fubular element having a wall, and & septom attached to tie ey surface of the wall in af least

two plases so that the septun and wall form at least two lumens in the catheter. A length olthe

septian s groater thivs or eguad 1o & maxinum distance between o points on the ey snriace

I snother aspect, the invention generally relates to g catheler that ncludes an slongated

o X FYRES K

tubular cloment having a wall, and g septum attached to the toner sucface of the wall I at leagt
two places so that the sephum and wall forn af least two Tumens in the catheter. The catheler
also includos an anti-adbesive material supported by the inner surface of the wall,

In a further aspect, the invention generally relates o a catheter that includes an elongated
tuhular eloment having s wall, and a septum attached to the inner surface of the wall o at lvast
fwo places so that the wall and the septuga form at Teast two hamens. The vatheter aise includes a

snaterial supported by the ovter surface of the walll
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1,

i an addition aspect, the invention generally relates to a catheter that includes an
Fongn Y R S + Fadivotries ¢ v 83 & 3 wen b iR wxrmdd i
elongated tubular cloment having a wall, and 8 sephun attached o the trner surface of ihe wall in
at leust two places so that the wall and the septum form at feast two lumens. The wall melodes a

proteusion that extends radially nward,

In a forther agpect, the invention generally relates to a cathieter that includes an elongatad

S

5

tubular eloment having a wall, and a septum attached to the inner surface of the wall in at least

two places, where the acticle is 3 catheter, The wall has a recess that extends radially owward.
Embodiments can inclnde one or more of the following festures.

The septam can by atiached 1o the nner surtaee of the wall 1n two places.

11y some sbodiments, the ratio of the length of the septum to the nyoamum distance
betwoan hwo points on the nper surface of the wall can be at least 111 In cortain embodiments,
the ratio of the length of the septum to the maximum distance betwoen twe points on the wuner
surface of the wall can be at most 1

SepHLng can it

clude a polymar.

i
-
pooc
%
f/

An anti-adhesive matertal can be supported by the inner surface of the wall,

A material can be supported by the outer surface of the wadl.

Vhe wall can inclnde a profrusion that extends radially inward, In some omrbodiments,
the Tength of the pratrusion can be loss than half a length of the septum. In cerfuin embodiments,

the length of the protrusion can be more than halt a length of the septum

The wall can fnclude a recess that extends radially cutward, I some embodimer

ratio of 3 deoth of the recess to 2 maximunm thickness of the wall can be at most 8951, In

3

N

corain embodiments, the ratio of a depth of the recess to 8 maxinny thickness of the wall can
Frabodiments of the nvention can include one or more of the following advantages.
Medical devices with two or more internal Tumens con be vsed to deltver andfor exirget
fluids from & body sie. For example, the multiple fumens can be ased to deliver pultionts,
herapeatic azents such a3 pharmaceuticsls, and cleaning anddor imigation thads (e.g., water},
e or move Tumens can also be used for providing suction at the body site to withdraw muaterial

vig the one oy more henens, Multiple lomen devices ensble the flow of materials fn opposite

directions simultaneousty within medical devices.

]
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1 X

Multiple-fumen medica! devices can be used during laparoscopic shrgery to provide both

suction and frrigation, Conventional medical devices provide s single lumen for applying

suction and for fransporting Irrigation Huid. Only one of these functions can be parformed at a

oarticalar time, and conventiona! medical devices typically alternate between spplying suction

o

angd providing Suid. Conventional medical devices are flushed with oleaning solution when

awitching betwsen stotion and reigation functions. Maltiple-hunen medical devices can be used
1o provide suction and brigation simultancously via one or more internal lumens dedicated ©
each function, thereby ensuring freedom from contarnination, less use of cleaning solution, and

&3
%

more effivient operation during surgical provedures.

Mediceal devices with two or move internal fumens can bo directed with guidewires fo

specific target sites within the body, One of the internal lumens can be dedicated fo providing &
passageway for guidewire inserfion, while the other internal lumens can be used o provide other
functons {o.g., ransport of materials foffrom body sifes).

Muitipie-lomen medical devices ean include a relatively inelastic cuter cosling that

substantially reduces radial expansion of the devices when pressur
therein, Restriction of radial expansion can be used to provent frauma 0 @ body hauen that

might otherwise result from devics expansion. Medical devives with inelastic coatings are

particubarty well suited for deployment within body tumens having a relatively small eross-
seetional arsa, as these body lumens can sometimes be more delicate and lesg folerant to applied

?

Fluid pressure andfor flow rate can be used in multiple-lumen medical devices w© contro
ctivation of one or more internal septa - that i5, o control a direction and magnitude of foree

appHed to one or more Internal septa to cause displacement of the septa, thereby changing the

Ly

o

cross-sechong area of one or more internal lumens, The flow rate of ¢ Hoid within g lomen w

dependent on the lumen’'s effective cross-sectional arga. By changing fuld pressure inous of

%

more fomens to cause displacement of one or more septa within the deviee, Judd How rates in

other lumens van be changed in a controlled manner. Thevefore, for example, the rate at which

materials such as water, therapeutic agents, mutrients, and other materialy can be deliverpd t
Body site can be controlled, Alternatively, or in addition, suction pressure al a body stte can be

%

cantroiled m the same fashion.

s
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Geclusions that form in one or more lumens of a medical device coan be veduced insize ©

remnoved by manipulating device lumens. For example, during nse, lumens o medical devive:

el

can become oocluded with debris and deposits carvied by fluids Sowing therein, Displacesble

oy

septa in multi-lumen madical devices allow at least partial unclogging o

SIS

'.4_-

these hanens, Durig

use, a fuid can be Howed st high pressure in an onclogged humen to displace g seplum within

medical device, The displaced septum exerts & force on the ecclusion, compressmg i

A

matertal aguinst 3 wall of the occluded tumen, A fluid can then be flowed #

fon
,-.’
./
‘4 /

previousty oceluded lumen to ro-open a passageway therenn.
¥

{rther featares and advantages of the nvention will be apparent from the description,

drawings, and claims,

DESCRIPTION OF DRAWINGS
FIG. 1A 13 2 plan view of an embodinent of a catheter with maltiple lumens,

FEY IR s o side view of the catheter of FIGUTA.

FIGL 24 ix g side view of an embodiment of a cathster with a relatively inelastic septum,
FIG. 28 s a side view of the catheter of FIG, 2A with fuid Howing in one lomen,

FIGL 34 18 » side view of an embodiment of a catheter with @ relatively clastio septum.

FIG. 3R ie a side view of the catheter of FIG. 3A with fled flowing tone lumen

o,

FI3. 44 v a side view of an embodiment of a catheter with a septum sttsched af dwo non-

FIG. 48 is a side view of the catheter of FIG. 44 with floid Howing i one lomen
FIGL 8 s a8 side view of an embodiment of g catheter with an anti-adhesion coating.

FIGL 64 s & side view of an embodiment of a catheter with s plurality of protrusions
extending radisHy froward.

FIG. 68 13 3 side view of the catheter of FIG, 64 with fluid Howing in one fumen,
¢ view of an embodiment of a catheter with g plurality of protrusions
having cross~seoiional shapes that feature endercut regions,

FIG. 8A s a stde view of an embodiment of a catheter with & single protrusion.

s

¥

FIG, &R is 2 side view of the catheter of FIG, 84 with fuid Bowing in ong lumen
FIG, BA i3 a side view of an embodiment of a catheter with two protrusicus.

ety ? % ]

FIGL OB i g side view of the catheter of FIG. 9A with fluld flowing in one lamen
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FH3. 10A 15 & side view of an embodiment of a catheter with a protrusion attached (o a
septum.

FIG. 1 i3 a side view of the catheter of FIG, 10A with Hhuid Sowiag i s first humen,

FIG, 100 s 8 side view of the catheter of FIG. 10A with fluid flowing in second and third

3

IONIONS,

el

g

FIG. 11A in o side view of an embodiment of g catheter with a plarality of recesses
extending radially cutward.
FIG. 118 i5 1 side view of the catheter of FIG, 11A with Suid Bowing in one haoen.
FIG, 12 i3 o side view of en embodimment of a catheter with a coating disposed on an outer
surface of the catheter.

D show side views of an embodiment of & catheter with an occlusion,

Lg%
s
"
|95
Lk
:1>

f}

FIG. 14 is a schematio diagram of o hub that conmects s multiple-humen catheter
separate outlet tulws,

Like reference symbols in the various drawings indicate Hke elements.

DETAILED BESCRIPTION

This disclosure relates to medical devices such as cathetors that have multiple infernal
fumens. The cross-sectional arcas of the meltiple internal fumens can be changed, for exanpie,
by Howing fuids through one or wore of the lumens

FIGS. 1A and 18 show plan and side views, respectively, of & catheter 1€ that has

T b3

muitiple internal fumens. Catheter 10 has o tubular body of length L measured;s in g divection

saraltel o fongitadingl axis 12, and an outer diameter d measured in a radial divection

verpendicalar to axds 12, Catheter 10 has a wall 15 with an tmer surface 14 and an ovler surface
16, and a thickness ¢, of catheler matertal forming wall 15, A septin 18 18 altached o faney

surface 14 at positions 20 and 22, Septum 18 s formed from a duckness & of seplion matenal,

A lenpth of sentum 18 15 denoted by s, the length of dotted Hine 28 in FIG. 1B {coresponding o
& ¥ 5y & i &

the length of septum 18 when septom 18 is not bent or stretehed). Septom I8 and wall 15 form

two lamens 24 and 286 in catheter 10, The cross-sectional srea of humens 24 and 26 depenids on

e
B

yon

the posttion of sephian 1

in generyl, the length L of catheter 10 can be selected as desired. In some smbodimonts,

L can be chosen according to a particular intended wse for catheter 1), e.g., acvording o one or
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cortain embodiments, o can e 005 inch or smaller {e.g., .02 inch or smaller, 0.51 inch o
smalier, 0.00% inch or smaller, 0.001 inch or smaller),
In general, the length s of septum 18 18 greater than or egual to a maximum distance

batwoen two poinis on ioner surface 14 ol wall 15, In FIGS, 14 and 1B, cathater 10 haxa

civoniar cross-sextivg, and the mwaximonm distance between two points on faner surfsce 14 of wall
15 corresponds o the nner dlameter § of catheter 3 For such a catheter, the length s of sephum

v gregter than or equal to the inner diameter 1 of catheter 18, {n some

v 1

embaodiments, however, one or more regions (&g, the entive longth} of the catheter may have a

e

pon-clroniar cross-section {e.g., wquare, triangular, trapezoidal, siliptica, semicironlar,
compound, rhombeid, semi-clliptical). In such embodiments, the fength s of septum 1818
senerally greater than or egual to the maxdmum distance between twe points on the taner surface
of the vatheter.
In some ombodiments, a ratio of the length s of septum 18 to the mazimum distance

between two points on inner surface 14 of wall 15 is at least 111 {e.g., at least 201, at least 3:1, &t

least 411, at Ieast 5111 In certain smbediments, the ratio of the Ecvgihs@ha amt 18 to the

nuncinem distancs between two poinds on inner surface 14 of wall 15 s at most 101 {e g, &

&

mnst 901, at most §:11, at most

7:1, at most 6:1, at most 501}
Wall 15 of catheter 18 can generally be formed from any of & variety of materdals. Offen,

wall 15 is formed of g polymer. Examples of polymers include thermaoplastic polyurethanes

3
oy

{v.z., thermoplastic polyurcthanes based on polvesters, polyethers, polycarbonates, and

polysiloxanes such as Tecoflex®, Tecothane®, and Bionate®), polyamides {e.g., polvamide 12,

N by

polvamide 11, nyvlon, polvamide 6-123, polyether block amide slastomers (e, PEBARE), and

ns {eug., BVA, high density polyvethylene, medium density polyetivlens, low densily
';_:&@’hf sthyvlens, SBYS, and SIB8). Different catheter materials can be selected according fo the
imtended use of catheter 10, For example, if catheter 10 is intended for use a8 & venous access

N o~

dovice, wall 15 can be formed from materiab such as polvurethunes andior sthicones. As snothe

Fa

exanple, if catheter 16 is intended for use as a cannula, wall 15 can b formed Hrom materials
such as nylons sud/or polyether block amides. Optionally, wall 13 can be formed from a mixtuy

of materials {o.u., a mintore of two or more of the materialy noted above}
e b

foy)

In some cmbodiments, vatheter 10 can include various types of additives in the matenial

A% »

o)

that forms wall example, the material can include radiopague materials such as bismuth-

i
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sptatning materials {e.g., blsmuth frioxide, bismuth bicarbonate, bismuth oxychionde, and other

hismuth-containing materials), metals {e.g., ungsten, platinum, silver, and other metals), alloys
{o.g., ungsten-containing stoys, platinurn-containing alloys, and other alinys), bartum-
containing materials {e.g., barhum sulfate aud other barhun-containing materlads), and other

materials, Wall 15 can also incloade one or more waterials to impart tubricity to catheter 1, such

3

as various fluoropolviner oils, fubricating agents andfor other lubricating additives. Examples

o

inchude porfhuoreethylone, silicone ail,

-

Teflon™ flake, Teflon™ powder and graphita,

In cortain embodiments, the concentrations of additives can vary along the length of

additive concenirations can vary i a divection parallel fo axis 12} For

£y
&l
=%,
Wi
&
%
[0
#
frrad
fians]
tan
‘_:-\”4
“
12

sxamplz, concentrations of radiopague materials can vary o indicate specific locations along &

catheter body, The muarked locations can then be identified in x-ray images of the catheter ag it &

nserted or withdrawn from a body site. The markings can be used o ensure reproducible and

wourate positinning of catheter 10 with respect to body sites.

L=

Y £ o

Septunt 18 can be formed fom any of the materials discussed above in connection with

wiall 18, or from mixtures thereof. Addittonally or alternatively, septum 18 can be formed of
other materials, such ag, for example, natural latex rubber and thermoplastic vileinates {TPV).

in cortain embodiments, septum 18 can be formed from the same material ased to form wall 13

{e.5, septom 18 can be integral with walt 15}, In other embodiments, septum 18 can be formed

from g material that fs different from the material of wall 15, For exanple, in corfain

&

1

embodiments, septurn 18 can be formed from a material that is more clestic than the material that
forms wall 15,
Ir genersl, the shape of septum 18 can be selected as desired to provide & particalay

% b

cross-sectional shape of humens 24 and 26 within catheter 10, For example, in the embodiment
shown 1a FIG. 18, septum 1§ has a wavy, undulating shape. In other smbodiments, seplum 18
ean be are-shaped, for example. In certain embodiments, septum 18 can include two lnewr
portions joined ata ousp, o vet further embodiments, sepium 18 can have other symmetrie o
asvamettic shapes,

During use, fuids can be directed to flow theough tumens 24 and 26 of catheter 1.
Fluids can olude gases {o.¢., nifrogen, oxvgen, nitrous oxide, carbon dioxide, and other gases)
and bBguids {:u 2. water). Fluids can also inclonde solutions of one or more matenialy dissolved o

- . 5
&

s dissobved in water), The How rate i 8 partizular haoen
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varies according fo the cross-seciional area of the lumen. Lomens with hrger cross-sectional

areas can support gher fndd Jow rates than lomens with smaller cross-sectional areas.

-

The cross-zectional areas of lumens 24 and 26 can be changed by displacing septam 18

from ity equli 1“:1*imn§ sition in FIG. 1B. ‘mptum 18 can be i sp} ced by changiug the relative

=

anem 24 or 30) exerts a force on septum 18 that fends to push septum 18 away from

>, fomens 24 and 263,

the flowmg fuid. When septum 18 i pogitioned between two hanens {o.g
the pressures of fulds in these lumens can be controlled 1o adiust the displacement of septum 18
Thus, for oxample, the pressure of a fluid Bowing i one fomen can be adjusted in order o

i85

ange the Sow rate of one or more Hukds Bowing in one or mwre other lumens,

The amount by which septum 18 is displaced by fluid pressure and the shape of fhe

1

displaced septum depend in part npon the septum material, For example, in sowe embuodiments,

10 18 can be formed fFom a Hexible but refatively inelastic matorial, FIGR 24 and 2B

A

show side views of g catheler 100 without and with fluid flowing in lumen 24, respectively. A

thickness i of septum IR is similar to a thickness §, of wall 15 of cutheter 100, Septum 18 8
formed fom g muterial that iz sufficiently flexible so that, due to the prossure exeried by the

Huid, soptum 18 18 displaced from its eguilibrium position {shown in FIG. 24} so that the oross-
g £ 3 4

sections] area of Tnmen 24 is incressed relative (o FIG. 24, and the oross-sectional area of humen

x

However, the material from which septum 18 i3 formed 13
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ic so that the length s of septum I8 does not change substantisily
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generatly relalive

’Z‘M

under the influsnce of Suld pressure in lumen 24, In general, the thickness &, longth s, am
elasticity of septum 18 are chosen such that sephum 18 does o contact inner surtace 14 of wall
gt

15 whes it is displaced in the direction of fumen 26. As a result, & difforent fuld can be divected

to flow 1o humen 26 even thouglh the cross-sectional ares of lumen 26 has been reduved

.

3

In certam Qi‘ii‘{?{}dii'ﬁlﬁiiiféj sa:mm 18 can be formed from a material that i both flexibie

pressure. FIGE. 34 and 3B show side viewes of a catheter 200 withowt and with {uid Howingin
fumen 24, respectively, In some ewmbodiments, such as the embodiment shown in FIG, 34 the
thickness  of septumm 18 iz similar o the thickaess t of wall 15 of catheter 2000 In other
smbodimaents, &, can be less than & to provide a septum 18 that strefohes more sasily Wy response

to an apphied force. When a fhuid at sufficiently lgh pressure s introduced into fomen 24, the
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fluid exerts 2 force on septum 18 that displaces septam 18 from is equilibrives position. As

shown in FiG. 3B, the force apphied to septum 18 can be sufliciently large that seplum 18

contacts u portion of inner surface 14 of wall 13 in lumen 26, Sephwm 18 siretches m response o

the applied fuid force on account of iy elasticity. Thus, for example, @ length ¢ of sep

$rrr
o
sk
2
e
P
e
sansd
Q/
o
i
f'nd

er than o length s of septum 18 i FIG. 3A.

3

When the fhdd pressure in lomen 24 is reduced, clastic forces within septom 18 pull the
septom material away frow fnmer surface 14 in lumen 26, thereby preventing sticking of septum
1§ to nner surface 14 and ensuring that blockage of Tumen 26 due to septum adbeston does not

QUOUT,

The inoreass fn cross-sectional avea of tumen 24 0 FIG, 3B is greater than the increase w

N

cross-sectional area of lumen 24 1n FIG. 28, due to the 1a§'gx::r displacement of soptum 18 in FIGL
3B, Lumen 24 in FIG. 38 therefore supports a larger fudd flow rate than tumen 24 i FIG 28

e}

in contrast, the eross-sectional area of humen 26 in FIG. 3B is smaller than the crogs-sections
srea of lumen 26 in FIG. 2B, Axshown in FIG. 3B, in certain embodiments, lumen 26 can be
nearly sealed by septum 18 As a vesult, the fluid flow capacity of forsen 26 in FIG, 38 s less
than the furd Bow capacity of fumen 26 in FIG, 28,

In coriatn ewbodiments, septum 18 caa be attached o inner wall 14 & points that sre ot
symmetrically opposed. For example, FIGR. 44 and 4B show side views of a catheter 310
without and with Huid flowing in hunen 24, respectively. The thicknesses § and ot wall 13

and septurn 1€ can be the same or different, and ean have the vahues discussed previously, Wall

“

15 and septum 18 can be formed from the materials discussed in connection with sny of the

oy ¥

previous extheters, The length s of soptuim 18 is larger than a maximum distance bebweon two
porings ow inner surface 14 of wall 15,

i1t the eothodiment shown in FIGR. 44 and 41, septum 1§ s frmed from & material that

X

ig both flexible and olastic. Fhid Sowing in lomen 24 exerts a force on septum IR which

£

displaces septum 18 from its equilibrivm position. As shown in FIG, 48, wnder & suiticd *m‘sy
farge applied foree, sephum 18 can contact apxmi(}n of inner surface 14 of wall 15 18 lame

The length 8 of stretched septum 18 in FIG. 48 i3 greater than s, Displacemuent of septum 18 ag

3 3

shown i FIG. 4B leads fo a large increase in the cross-sectionsd srea of lamen 24, and a

5

corresponding decreass in the cross-sectional area of fumen 26. Lwmen 24 therefore supports a

~y

farger fluid flow rate, while Tumen 26 supports a reduced fluid flow rate, refative to Fla A In

s,

o
e
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certain smbodinments, lumen 26 can be scaled by septun {
pressure 18 reduced in fumen 24, aad elastic foroes in septum 18 pudl the septien materfal away
from inner wall 14 in fumen 26,

In some smbodiments, one or more anti-adhesion coatings can be applied o inner

£

surfaces of catheters to reduce or prevent adhesion of septum I3 to inner surface 14 of wall 13,

L4

FIC. 5 shows a catieter 400 that includes an anti-adhesion coating 40 spplied to nner sueface 14
of wall 15 in lumens 24 and 26, Anti-adhesion coating 40 has o thickness §, measured in
Sirection porponsticular to axis 12, In genersl, anti-adhesion coating 40 can be formed ouly on

selected inner sarfaces of catheter 400, or anti-adhesion cuating 40 can be formed o all fnner

"\

surfaces of sathoter 40

e
P
e

{ as shown tn FIG. 3

Axti-adhesion coating 40 can be formed from a variety of materials. For example, ant

e

dhesion coating 40 can include oflon™-based materials, other fheoropolymer-based materiuls,

~

and other ant-adhesive materials. Exaniples of anti-adhesive materialy inclode silicone,

parviene, MediGlide™ and BioSlide™.  In cortain erbodiments, coating 40 can in¢

o

P
LAy

than one material andfor multiple layers of different materials.
The thickness & of anti-adhesion coating 40 can generally vary as desired. For example,

it some embodiments, { can be 0,003 inch or more {e.g., 0.004 inch or more, $.003 mch or

& <

367 inch or more, 0.01 inch or more). In cortain embodiments, § can be 5,05 {nch or

ra

smaller (8.2, 0.02 inch or smalles, 4,01 inch or smaller, 0.008 inch or smaller, G.U01 inchor

o N .
20 smaller).

In some embodiments, wall 15 can inchude protrusions configured to reduce or provent

b3

adhesion of septum 18 to inper surface 14 of wall 15, FIG. 6A shows o cutheter $00 that

x

includes a plurality of protrusions 30 that extend radially fmward toward the itetor of catheter

2ot

500, Protrusions 3O have & maximum length b measured fn & radial divection perpendicular io
25 axis 12, Protrusions 50 have 2 waximum width w measured along the cironmiersatial direction

of catheter 500, and are spaced g distance p apart measured along a crowmferential direction of

catheter 500, Protrusions 50 are formed from the same material as wall 15, and can also be

provided with an anti-adhesion coating 40 as discussed previously.

The maximum length b of protrusions 50 can generally be selected g5 desived to control &

(’L
x-,
wu
J}
o)
my

(5]
i

maximum displacement of septum 18, and therefore to control the cross-sectionsl sha

~/;
fo)
poecs
‘,;}
A
b
”
3
L

humens 24 snd 26 when septum 18 1s displsced. For example, in some embodimants,
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O.003 inch or more {e.g., 0.004 {nch or more, 0,003 uch or more, $.007 inch or morg, (.01 fnch

or mrore). In certain ombodiments, k can be 0,03 inch or svaller {e.g., 0.02 inch or smailer, 0.01
inch or smaller, 0.005 inch or smaller, 8.001 inch or smaller). In cortain embediments, the
wmxivnan length b of protrasions 54 1 less than the thickness § of wall 13, In some
embodiments, a vatio of Y, 18 at least 00511 {e.g, st least G 10 at least G221, at least O
least (401, at least L3:1). o cerlain embodiments, e v at most 0951 {feg, atwost B8 &t

most &1, atmost 5704, atmost Q.60 al most 0.5:1)

The maximam width w of protrusions 50 can geperally be selected as desired o contrnl
the surface aren of contact between the protrusions and septurs 18, In some embodiments, woan
be 8.001 inch or more {e.g., 0.002 inch or more, 0.003 Inch or more, 0.005 1ach or more, (.00

inch or more}, In cortain smbodiments, w can be 0.05 inch or fess {e.g., 0.03 1nch oy dess, 001

3

inch or less, D.00% inch or less, 0,008 inch or less). In certain embodiments, the ratioc ef w to b

can be a least 0,11 {e.g, ot least §.5:1, at least 1:1}, andfor atmost 101 {e.g., at most 511, &t
st L)

The spacing p hetween profrusions 50 15 selected to control the totel surface area of
contact between the profrusions and septum 18, A larger spacing p corvesponds 1o & smaller
number of protrusions 30 in cutheter 300, and a greater likelihoad {due to the smalier profrasion
density} that septur 18 will contact a portion of tnner surface 14 of wall 15, A smaller spaving §
corresponds to & larger number of protrusions 30 in catheter 300, and a lesser Hialhood {due @
the larger protrusion density} that septum 18 will contact a portien of inner surliee 14 ofwall 15,

i peneral, spacing p cun be selected as desired. In some embodiments, p can be 8.008 inch or
move (8.5, 0.008 inch or more, 1007 inch or more, 0.008 inch or more, .81 inch or more, §.03

3.04

e,

inch or morg, 0,08 inch ormore). In certain embodiments, p can b 0.1 inch or less {o.g.,

faa

¢l or less, (.07 tnch or less, 0.05 mch or less).
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Gemmii}a the number of protrusions 50 can also be selected as desired. For example, in

some enbodiments, there can be one or more {£.g., two or more, three or move, fowr or more,
five oy more) profrusions 50, and or 20 or less {e.g., 15 or less, 10 or less} or profrasions S

When fuid Sows in a lumen of catheter 300, septum 18 s displaced from #s eguilibriom

vosition, as discussed previously. I septum 18 is formed from a material that s Hexdble and
clastic, Huld pressure can displace septum 18 so that, in the absence of protrusions 30, sephum 18

wonld contact & portion of inner surface 14 of wall 15, However, as shown in FIGSB,

P
]
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srotrosions 30 can reduce and/or prevent septurm 18 from contacting inger wall 14, The area of
contact between the siefaces of protrusions 30 and septum I8 can be simaller than de area n
gontact hetween soptum 18 and foner surface 14 would be, due to the shapes of protrasions 3¢

A a result, adhesion forees between septum 18 and profrusions 5O are not as large as adhesion

forees hetween septum 18 and inner surface 14 would otherwise be, Septuam 18 s therefore
more easily pulled gway from the surfaces of protrusions 30 by elastic forces in septum 18 when

the Haid pressare s redoaced i fomen 24,

The cross-sectinnal shapes of protrusions 56 can generally be selected as desired to
prevent adhesion of septum 18 o inner wall 14 A variety of different shapes are possible,
incloding arc segments, hatfround shapes. rectangular shapes, triangular shapes, traperoidal
shapes, and other shepes. In certain cmbodiments, cross-sectional shapes with ag underent {e.g,
a 3T are segment ) are advaniageous because septum 18 does not generally adhere to underowt
portions of & profrusion. As a resuit, undercut cross-sectional shupes may reduce gven further 8
surface aven of contact between septum 18 and protrusions 30, An exampie of & catheter 60U

.

with protrusions 3¢ having undercut regions is shown in FIG. 7. Protrusions

U;
Ty
£,
o
?-u
s
t
7
o
=
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3
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which are similar {6 arc segments of 270% When displaced by fluid pressure from 1ts equilibrium
position, septunt 18 contacts protrusions $ in regions 52. However, septum 18 generally does
not gontact protrusions 50 i undercut regions 54, As a result, adhesive forees between septom

1§ and protrusions 30 occur ouly in regions 32 of the protrusion surfaces

In some enmthodiments, eatheters can include fower protrusicas than cathoter S04 in FIGS.

3-:4
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6A and 6B. FIGS. 24 and 8B show side views of a catheter 700 without and with
R

in lumen 24, respectively. Catheter 700 includes a single protrusion 30 that extends radially

inward toward the center of vatheter 700, Protrosion 50 can be formed from any of the matetials

discussed previously in connection with protrusions.

The longth b of protrusion 50 #s generally less than half the length s of septum 1%, and
can be sclected as desired. The widih w ofprmmsim 50 is generally sclocted according to 2
desired stitthess for protrusion 50, That is, w is chosen (o be larger to provide a protnasion §¢
that is stit¥er and less compliant with respect to deformation under an apphied load, and wis

chosen o be smalter to provide a protrusion 50 that is less stiff and more complant with respect

o deformation,

[
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r

i the ebodiment shown in FIGE. 8A and 8B, protrusion 50 is g relatively siff

profrusion that resists deformation. When fhuid flows in Tumen 24, septum I8 15 displaced so that

it contacts g porting of protrusion 50 as shown in FIG. §B. Protrusion 50 reduces or prevents
contact between sephum 18 and inner wall 14 of lumen 26, As 2 result of the displacement of
septian 1R, Tumen 26 {s divided into two smaller lumens 20a and 26b, The properties of bo

septurn 18 and protrusion 30 determine the cross-sectional shapes of fumens 24 and 26 when
sephun 18 is displaced frony its equilibrium position {shown in FIGL 8A). For example, the

Tenath b of protrusion 30 in FIG, SA delermines the maximuom displacement &‘;‘f‘ﬁcpmi‘ﬁ 18 near

s pguilibrivm position,

in cortain embodiments, protrusions can be oriented at an angle to th
the catheter (.2, at sn angle o a divection perpendicular to axis 12}, FIGS. 94 and ¥8 show
side views of s cutheter SO0 without and with fluid Hlowing tn lumen 24, respectively. Catheter

wotrusion 30 and a second protrusion 60, First protrusion 30 has s
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fongitudinagl axis 56 that is orlented st an angle ¢ to a radial divection line indicated by Ry In

general, ¢ range frong 19 or fess to 179° or more. In some embodiments, & can be 1900 more
= 23
(e, 59 or more, 10° or more, 209 or more, 30° or more). 1o certain embodiments, e can be §°

o

or less {e., B5° or less, $O° or legs, 70 or less, 607 or less, 30° or less). Second protrusion

/" %

situdinal axis 66 that is oriented ot an angle P with respeet (o & radial divection Hoe

..
Pod
=]
7z
o
P
fe]
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'7‘,

1

. In general, Boan have any of the values discussed in connection with & In
ertain enbodiments, § and « have similar values. In other embodiments, the values of P and «
are different,
I peneral, catheter 00 can include more than two profrusions {e.g., three or more
protrusions, foor ar more protrusions, five or more protrusions, ten or more protrusions). The
protrusions can be symmetrically positioned along inner surface 14 ofwall 15, or they can be
ssymmetricaily positioned. Protrusions can further be oriented along radial directions of eatheter
R0 o along nowvadial directions, as desired. The dimensions of protrusions (o.g., matitaum

tenpthy b and maximum width wi and the cross-sectional shapes of protrusions in catheter 800

can all be the same, or some of the profrusions can have different dimensions and/or gress-

T4
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When fluid flows in lomen 24, as shown in FIG. 98, septum 18 {which is formed from a
flexitde and olagtic material) is displaced from its equilibriom position. Protrusion 60 reduces 8

surfaee area of contact between septum I8 and moer surface 14 of wall 15 in honen 26, The

e,

angled orientation of protrusion 60 with respect t0 Ry provides i largor cross-sectional areg o
fumen 24 when septum 18 is displaced, compared to the madially-oriented protrusion 38 in FIG,
or example. Frotruston 50 in FIG, 9A operates in similar fashion to protrusion 60 when

fluid §s divected o How in lumen 26, In general, protrusions oriented dlong divections other than
b

bec

o &
{

racdial directions of a catheter can be used 10 incrcase the cross-sectional area of Huid-carrving
fumens whon septurn 18 s displaced from ils equihmmm position.

In some embodiments, protrusions cen be attached fo the septum of a catheter, FIGE,
1A show side views of @ catheter 900 without fluid theretn, with fluld flowing in humen 24,
and with fluid Bowing In hunens 26 and 28, respectively, Catheter 800 includes a septum 18 and
g profrusion 30 that are sach formed from flexible and clastic materigls. Profrusion 58 is

%

attached o septun 18, so that catheter 900 includes three fumens 24, 26, and 28, When fhad

position, Under the foree gpplied by Hluid pressure via septum 18, protrusion 30

faas
nner surface 14 of wall 13, Protrusion 50 reduces or provents contact between septum 18 and

X 3

fnner surface 14, In addition, due ©o the folded geometry of protrusion 34, the

b
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grea of tomen 24 i larger than it would otherwise be if protrusion 58 did nod fold {see for
xample FICL 881 When the fluid pressure in lomen 24 §s reduced, septum 18 returns toward is
equilibriven position. Both elastic forces in septuns 18 (which pull the sephmm materiad back
wrward the equiltbrivm position) and compression forees in folded protrusion 54 {which push the
septum materiad wwvay from wall 18 and toward the equilibrivm position) assist in returning
septum 18 1o it original position,

Fluid can slsn flow in etther or both of lumens 26 and 28, In certain embodiments,

T

jumens 26 and upled to the same flnid source. In other embodiments, lmmens 26 and 28

Forent fhutd sources. As shown in FIG, 100, when fhud Hows in lumens 26

andfor 28, septam 18 s displaced from s equilibrivm position in g direction of foner surface

i»‘)

14 of wall 15 in henen 24, Contact bebwesn inner surface 14 and sopturn 18 1 tumen 24 can be
reduced or prevented by protrusion 50, As septum 18 1z digplaced farther from its equilibrium

position, protrusion 50 can become clongated. Blastic forces in both septum 18 and profrusion

)
L 4
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S0 pull septumy 18 back toward s equilibrium position and sway from inner surface 14 of wall
15 i fumen 24, By balancing the elastic forces in septom 18 and protrusion 30 apainst the
pressure apphed by fludd i hamens 26 andfor 28§, contact between septunt 1§ and inner surface
14 in fumen 24 can be reduced or avoided. The cross-sectional ares of each of lumens 26 and 28
in FIG. 10C is 1arger than the cross-soctional area of these lumens i protrusion 580 were formed
from an inelastic muterial {e.g., o« material that did not streteh significantly n response to wpplied

=1

\

{huid pressure).

iy genersl, multiple protrusions attached o septum 18 can be provided m cathelers. In

\

some embodiments, a mixture of slastic and inclastic protrastons can be provided. I other
embodiments, gl of the protrusions can be cither elastic or inclagtic. By attachung the

protrusions 1o septum 18, multiple lunens can be formed in g catheter {e.g., two or more hanens,
three or more omens, fowr or more hanens, five or more Tumens, six or more lamens, ten o

more humens).

o certaln embodinments, catheters can include one or move recosses extending radially

outward from an inner surface of the catheter wall, FIGE. 11A and 118 show side viows ot a

£

catheter OG0 without and with fluid flowing in lumen 24, respectively. Cptheter 100 includes a

oy

plurality of recesses 70 extending radially outward from inner surface 14 of wall 15, Recesses

s

O have s maximum depth nomeasured in @ radial divection perpendicular to axis 12, Recesses 70

have a maximun width m and are spaced at a distance v apart, both measwred n g

circumferential direstion of catheter 1060,

Recesses 70 reduce the surface ares of contact between septum 18 and inner surface M of

R

wall 130 As shown in FIG, 118, when a fluid flows in lumen 24, septum 18 {which is formed

[N

from a Hexille and clastic material) is displaced from its equilibriign position by {hsid prossure

i the force apphed o septum Kby the floid in humen 24 is sufficiently large, septum 18 can

streteh and contact @ portion of inner surface 14 of wall 15 o lomen 26, Adhesion forees can be
present betwveen aepiun 18 and inner surface 14 which hinder the retum of septuan 1R to s
squilibrivm position when the fluid pressure in lumen 24 {8 reduced. By reducing the surisee
area of contact between septum 1R and inner surface 14 via recesses 70, the magnitude of the
adhesion forces is reduced, and elastic forces within septum 18 can paill the septany matenal

4
&

yﬂ/

awny fron inner surface |
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YH(

The dimensions of rocesses 70 can generally be selected as destred to reduce the surface

.3

area of contact betwesn septam 18 and inner surface 14 of wall 15, In some embodimenty, the

ow

spacing v can be {1,005 inch or more {e.g., 0,006 inch or more, $.007 Inch or more, D.008 fuch <

more, 0.01 ingh or more, .03 inch or more, 0.05 inch or more). In certain embodiments, the

spreing v can be 0.1 inch or less (g, 0.09 inch or less, 0.08 inch or less, .07 mnch or fosy, 005

I some exnbodiments, the maximum width m of recesses 70 can be G001 Inch or mose

(e, 0.002 ineh or wore, 0.003 inch or more, 0.005 inch or more, 007 inch ov morel. In

cortain embodiments, the maximun width m of recosses 70 carn be 0.05 jnch or less {e.g, B.83
inch or less, Q.01 inch or less, 0.009 inch or less, 0.008 inch or tess).
The maximum depth n of recesses 70 can generally be selocted as desired, For example,

i '3

in some erbodiments, 1 can be 0,003 inch or mors {e.g., 0.004 inch or more, (00T fngh or more,

G007 inch or move, 1.01 inch or more). In certain embodiments, 1 can be §.03 inc

L 002

1

fnch or smatler, 0.01 inch or smaller, .005 inch or smaller, $.001 inch or smaller).

yA

el

Typically, the maximom depth 1 of recesses 70 is less than the thickness ty, of wall 15, Insome
embediments, a ratio of 0ty 13 at least 6.05:1 {e.g, atleast 0,101, at least .21 at feamt 0301, &
feast 0.4:1, at least §.5:1) In certain embodiments, nfte is at most .95 {eg, at mod RN
most .81, at most §.7:1, at most 0.6:1, at most 0.5:1)

The oross-sectional shapes of recesses 70 can generally be selected as destred to v reduce

x

the surface ares of contact between septian 18 and nner surface 14 of wall

¥

PR In catheter TG00,

1 shown in PIGS, 114 and 1IR, recesses 70 have approximately rectangular cross-sectional

shapes, In general, however, recesses 70 van have a variety of cross-sectional shapes. For
example, recesses 70 can be arc-shaped (e.g., corresponding to ciroular arcs), trianguler reshagped,

2
¥

trapezoid-shaped, or other symmetric or asymmetric shapes. In certain embx sdiments, rpeesses

-

< -

70 all have the same cross-sectional shape. In other embodiments, at least some of recesses

have difforent crosa-sectional shapes.

In some enthodiments, catheters can tnclude an outer faver of material o restrict
expansion of the catheter. FIG, 12 shows an embodiment of a cathoter 1108 that inciudes a
coating 80 dispased on outer surface 16 of wall 15, Wall 153 formed from a material that ts &

feast partially clastic, e.g., wall 15 stretches at least partially in response to fhud prossure &

gither or both of lumens 24 and 26, In many applications, however, catheters are inseriud inte
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soall dlameter body lurmens such as veins and arteries which do not allow for significant radial
expansion of the ratheter, I the eatheter expands madially in response to Huid How thereln,
darnage to the body lumen can result, To prevent radial expansion of catheter 1100, coating 30
surrounds suter surface 16, Coating 80 is formed from an inelastic material that does not strefeh

3

or deform appreciably n response fo fluid pressure in lnnens 24 andfor 26,

Coating 80 can be formed from a vartety of known materisls. Optionally, coating 88 can

be formed via § COSXITUSIGR PrOCSSs.

s positioned at body sites {e.g., within body humens} can become cecluded during

a¢ due o precipitates and other debris carvied by fluids flowing therein. o some embodiments,
an peclusion in one hunen of 2 wuliiple-lumen catheter can be reduced in sive or cleared by

manipuiating the other imens in the catheter, FIGS, 13A-D show a series of steps that can be

performed {o reduce the size of an ccclusion in one lumen of 4 two-lumen catheter 1200,
atheter 1260 fnchudes a first lumen 24 and a second lumen 26 with an ocelasion 90 present

hy

therein, Qoclusion %0, as shown in FIG. 134, significantly reduces the open cross-sectional area

of lumen 28, thereby reducing the flaid carrying capacity of lamen 26, To reduce the size of

seclusion 90, a funid is Howed at u relatively bigh pressure through humen 24, as shown m FiL
13R. Septum 18 is displaced from its eguilibrium position in a direction toward lumen 26
Septem 18 compacts scelusion 90 sgainst inner surface 14 of wall 15 in Tumen 26, Flaid How in

fnmen 24 15 then halied and fhad Bow i lumen 26 is mitiated, ss shown in FIGL 13C. The
sressure sxerted by the fuid in lumen 26 anid the elastic forees in septum 18 displace septom {8

in the direction of luwen 24, opening hanen 26 in the process. Once lumen 26 is re-opened,

1

fluid flow therein {s halted and septum 18 returns to s equilibrium position, as shown in FIG,

13D, Occlusion 30 may remain adhered to inner surface 14 of wall 15 in hunen 26 because the
materials which form coctusions can be sticky biological materialy, However, the eross-sectional
area of occlogion 99 is reduced relative fo FIG. 134, and the open cross-sectional ares of humen
36 is fucroased relative to PHG 13A, which re-enables the use of hunen 26 fr varions fhaid
LRRSPOTt OPrAtIons,

The hunens in a multiple-lomen catheler can generally be attached to separaie outlet

rubes ina hub, Varlous types of hubs can be used to securely connect & catheter and cutle! tubus.
A portion of one such hub is shown in FIG. 14, The hub includes g support base 84 and a top

{not shown) which snaps into secure sngagement with support base 94, Catheter 18, which
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includes twe lnmens separated by soptum 18, is positioned #f one end of support base 94,

Avcess shits 93 ave provided in the wall of catheter 10 to provide fhuid access to the two catheter
fumens. Two cutlet tobes 88 are positioned such that one tube 1w in fluid connection with one of
the catheter humens and the other tube is In fuid connection with the other catheter tamen. To

<

complete the Buid connections and close the hub, the top (uot shown} s suapped into

"t

engagement with support base 94 and end 11 of catheter 10 ts sealed with g casting material
{e.u., & poldviner material such as Carbothane™), In some embodimonts, the b ca be
overmolded with casting material to further seenre the conpections between catheter 10 and

cutiet tubes 98,

o
<

Chuatlet tubes 96 cach have a longituding! sxis 13, The outlet tubes are poattioned velative

1

1o catheter 10 in the hub so that axis 13 is orfented at an angle v with respect to wxis 12 of

cutheter 10 In general, v can be chosen to control an amount of lateral foree applied o septum
w., foree applied in a divection perpendicular to the surfhce of septum 18}, For example, foy
farge angles v, a relatively farge amount of lateral force 13 applied to septum 18 by fuids fow

>~

into catheter 10 from cuilel tubes 96, For small anglesy, @ relatively small amount of interal

Py
LA

-

foree 8 applind to septum 18 by fuids fowing into catheter 10 from outlet tubes 56, Because

g

fateral foroe resulis in displacement of septum 18 from its equilibriven position, the case with

which hanen eross-sectional arsas in catheter 10 can be enlarged can be controlied by selecting
approprigte angles v. In the embodiment shown in FIG, 14, axis 13 of each sutlet tube 86 formy
20 asindlar angle v with axis 12, However, in other embodiments, the axes 13 of outlet tubes 96

can form different angles with axis 12, according to desired perforsrance criteria for catheter 180

1o cortain embodiments, for example, v can be 3% or more {a.g., 4° or more, 3% oy more,

o

10° oy more, 20° or more). In some embodiments, v can be T80 or loss {o.g., 653% or less, 587 or

"JC/

A Drifferent features of medical devices such as catheters have been disclosed sbove,
Embodiments ¢an, in general, include any of the disclosed features, as appropriate, to produce
medical devivces that achieve particular functional andfor performance cniteria,

Many different types of catheters can include multiple internal lnmens. For example, the

catheters disclosed herein can be ovular shunts, endoscopic eatheters, peripherally inserted

~
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yaix vatheters, PTA cathelers, angiography catheters, draimage catheters, FTUA
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catheters, overall venous gocess devices {o.g., tunneled central catheters, midiine cathetery,
suhcutansous port catheters) and other types of catheters

Muitiple-lumen fentures can also be provided 1o various types of stents. For example,
caronary stents, aorte stents, peripheral vascular stents, gastrodntestinal stonts, urinary stents,
arnd newrology stents can include the multiple-humen features disclosed herein, As an example,
grinary stents can become oecluded with deposits carried by srinary Huids, and the oross
sectional area of the occlusions can be reduced in multiple-lumen prinary stonts nsing the
teohntgues shown in FIGS. BAD.

Other embodiments are in the ¢latms.

fd
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WHAT IS CLAIMED IS:

i An article, comprising
an elongated tubular element having a wall, the wall having an nner surface; an
@ septun attached to the inner surface of the wall 1 at least v places so thal the septum
agd wall form at least fwo humens in the catheter,
wherein a length of the septum is greater than or cqual to @ maximum distance betwesn

tw points on the inner surface of the wall, and the article is a catheter.

L]

The article of claim 1, wherein the sepium is attached to the inner surfaee of the wall

Aeat
£

two places,

¥

3. The arifele of claim 1, whereln 8 ratio of the length of the septam o the maxiam

distance between fwo points on the inner surtice of the wall is atfeast 111,

4. The article of claim 1, wherein a ratio of the length of the septum ) the maximum

distance hetween two poinds on the inper surface of the wall 15 at most 104

S. The article of clatm 1, wherein the septurn comprizes a polynier.

8. The artivle of cladm 1, further comprising an anti-adhesive material supported by the
inner surface of the wall,

7. The article of claim 1, further comprising & material supporied by the outer surface of the
watl

8. The article of elaim 1, wherein the wall includes s protrusion that extends radially
invyvard,

g, The artivle of claim 1, wherein the wall has a recesy that extends radialty outward,
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1. Anarticle, comprising:
an elongated tubular cloment having o wall, the wall having an inner surfave;
a sepium sitached to the inner surface of the wall fn at least two places so that the seplum
antd wall form at least two lumeny in the catheter; and
an anti-adhesive material supported by the inner surface of the wall,

whereln the article is a catheter.

i1, The srticle of claim 10, wherein the septum 15 attached to the inner surface of the wall in

two places,

12, The article of claim 10, wherein the anti-adhesive material is on the ey surlaee of the

wall,

13, The article of olaim 10, further comprising a material supported by the cuter surface of

KL

&4
thes wall,

14, The article of claim 10, wherein the wall includes 2 protrusion that extends radially

mward.
15, The article of elatm 10, wherein the wall hay a recess that extends radially cutward.

16, Anowticle, comprising

an elongated tubular clement having a wall, the wall baving an imner swriace and an outer

2 septum atiached to the ner surface of the wall in at least two places o that the wall
and the septum form at feast two humens; and

& material supported by the outer surface of the wall,

wherein the article ts g catheter.
17, The article of claim 18, wherein the septum is attached o the tnoer surface of the wall in

fwo places,

33
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1K, The article of olatm 16, wherein the material 15 on the outer surface of the wall,

3

1 The article of claim 18, wherein the wadl includes g protrusion that extends radialiy

&

20, The article of claim 16, wherein the wall hag a recess that extends radially outward,
21, Anarticle, comprising:

an clongated tubular element having a wall, the wall having an inner surface, the wall
including a protrasion that extends radially nward; and

a septum attached to the toner surfhce of the wall in at least two places so that the wall
and the septumn Borm at feast two humens,

whorein the article 15 a catheter.

33, The arsicle of elaim 21, wherein the septam is attached {0 the foner surface of the wallin
b places.

1

23, The artiele of claim 21, wherein a length of the protrusion s less than halla length of the

sephan.
24, The article of claim 21, wherein the wall has a recess that extends radially ountward,

250 Anarbicle, comprising:
an slongated twbular clement having a wall, the wall having an {nner surface, the wall
having a recess that extends radially outward; and

a sapium attached to the inner surface of the wall in at feast two places,

75, Thearticle of olaim 28, wherein the septom is attached 0 the ey surfiace of the wall in

fwo nlaces

kS

£
b
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The article of olaim 25, whereln a ratio of g depth of the recess 1o & maxinun thickuss
of the wall 13 at mog

herein a ratio of a depth of the recess 10 a maximuam thickness

I8, The article of claim 23, wh
.8 " Rl
foast 0,051

of the wall is at
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