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(57) ABSTRACT

An intravascular ultrasound “(IVUS™) device having an
intrinsic or attachable needle guide is disclosed. In some
embodiments, a sheath having a needle guide is used in
connection with an IVUS device. The devices may be used
in performing minimally invasive image-guided surgical
procedures. The devices may be configured to maintain a
needle placed through guide in the plane of the IVUS-array
to improve visualization of the needle. In some embodi-
ments, the device is used to facilitate the creation of a tract
through the liver from the inferior vena cava to the portal
vein using [VUS-guidance in a direct intrahepatic portocaval
shunt procedure. The devices, systems, and methods can
improve patient safety by decreasing the risk of off-target
punctures, decrease procedure times, and allow procedures
to be performed from a single access site.

3 Claims, 45 Drawing Sheets

si0 107 N
v \
/-——* ——————
\
\ IVUS Probe
A
130

IVUS Probe

500

130



US 10,307,135 B2
Page 2

(51) Int.CL
AGIB 8/08 (2006.01)
AGIB 8/00 (2006.01)
AGIM 25/10 (2013.01)
(52) US. CL
CPC oo AGIB 8/12 (2013.01); A61B 8/445

(2013.01); A61B 17/3403 (2013.01); A6IM
25/10 (2013.01); A61B 2017/3413 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

6,306,097 Bl 10/2001 Park et al.
6,368,280 B1* 4/2002 Cermak ............ A61B 8/0833
600/459
6,461,296 B1* 10/2002 Desai ......c............ A61B 8/0841
600/210
6,554,801 Bl 4/2003 Steward et al.
2003/0073908 Al*  4/2003 Desai .....ccooceee. A61B 8/0841
600/464
2005/0203413 A1*  9/2005 Fichtinger ............ A61B 8/0833
600/461
2006/0241368 Al* 10/2006 Fichtinger .............. A61B 5/055
600/407

2007/0179380 Al
2010/0063392 Al
2013/0211176 Al*

8/2007 Grossman

3/2010 Nishina et al.

8/2013 Habib ............... AGIB 18/1492
600/3

2013/0296699 Al 112013 Deckman et al.

FOREIGN PATENT DOCUMENTS

Jp 2002-514111 5/2002
Jp 2006-101915 4/2006
WO WO 93/08738 5/1993
WO WO 96/19256 6/1996
WO WO 98/46119 10/1998
WO WO 99/49910 10/1999
WO WO 2007/121078 10/2007
WO WO 2008/046031 4/2008
OTHER PUBLICATIONS

Office Action, dated Jun. 19, 2018 for Japanese Application No. JP
20006-553606.

Office Action dated Feb. 5, 2019 in Japanese Patent Application No.
2016-533606 filed May 19, 2016.

* cited by examiner



US 10,307,135 B2

Sheet 1 of 45

Jun. 4,2019

U.S. Patent

Z 94n314

LOT

SIT

091

Ott

SOT

001

50T 1

DAl

(4on17)
9q07
ajepned

& %
¢ )
¢ K
£ %
£ %

N

UIBA

{e1i0d




U.S. Patent Jun. 4, 2019 Sheet 2 of 45 US 10,307,135 B2

120

110

~4

105

Figure 3a
105 110
Figure 3b

100

/

100

/

IVUS Probe




US 10,307,135 B2

Sheet 3 of 45

Jun. 4,2019

U.S. Patent

T T
Lo,
NI A
(49n17) | jBUOd -
2007 p o ”
Iepne) -
R -~
ﬁ.pe
P
o
-
\\&w
N
0S1T
%
S,
-
: P
@ ey
x for
@ A,
= o
; “u
5 R
n S,
Q| ——
=1 { 94n8i4
2| <
g TTT—
0T¢
iy
¥ 091




U.S. Patent Jun. 4, 2019 Sheet 4 of 45 US 10,307,135 B2

f
130

¢
e
107

Figure 6

160

F

IVUS Probe
200

130

|



U.S. Patent Jun. 4, 2019 Sheet 5 of 45 US 10,307,135 B2

o
o -
m\ g\
AN
> . 5

™ 3
J] o 00
s a | O
V| - | =
S | .20 2| 2
a | e > .@
wn Ll
-
=
N o
N g N
o o)
o N
o th - 3 -
D N — =




q6 24n31 0T

9¢04d SNAI

US 10,307,135 B2

G
3
2 eg 94n314 ot
< 74
= 240Jd SNAI
=
CIZRIZIZICE
_,/ nor Wﬁm
0cs

U.S. Patent



US 10,307,135 B2

Sheet 7 of 45

Jun. 4,2019

U.S. Patent

O€t qoT 24n314

v 9404d SNAI

BN RO BONNE AIINNT BRNE SNOM RSMR MM
ORER MNGRE GENGHT NOGEE NONGE IORRR ANRRRE mRRRR
A

t
LOT

019

eQT 94n3i4 0€T

2qoid SNAI v /

0¢9 019




U.S. Patent Jun. 4, 2019 Sheet 8 of 45 US 10,307,135 B2

(] L
q o
- i
o o o v
o = N S
o0 0
\ ™ L
/r\ P
o N
N e
LN
o =



US 10,307,135 B2

Sheet 9 of 45

Jun. 4,2019

U.S. Patent

0¢T —

AT P N
A (40A17) A
2qo je1IOd .
2iepne) P
- L
o
E
e
»
rd
™
-
\ g
0s%1
Y
M o
M ey
: i
: -
¥ R
] o
H o
u ey
= oy
H %
W T T
s g
=5
= ¢T 24n3i4
L1
- WA.;U\\\ 091



U.S. Patent Jun. 4, 2019 Sheet 10 of 45 US 10,307,135 B2

810
810

%
o,
“.-.{'
R,
Roww
-
2
&
-
o
Caudsate
Lobe
(Liver)

e f v I
b=.0 ff; 7%""‘*
T "*



U.S. Patent Jun. 4, 2019 Sheet 11 of 45 US 10,307,135 B2

200
810
110

. — 120

C

o,
0\

o
Caudate
Lobe
{Liver)

160
" 210
Figure 14 ~_
<
P
P s
- v
Portal
Vein



US 10,307,135 B2

Sheet 12 of 45

Jun. 4,2019

U.S. Patent

018 —

0ct —

01T —

018

002 e

N TN
NI {4onT) Ui
2407 {21404 L
alepne) v.,h%
-
q‘gv
o
o
-
P
%
"
.uﬂ&L
\\4
0st
.
&,
— “
o o
: o
SN T
: o
e e
¥ “a,
ﬂ \ S
ip o
.{I‘\‘m\ oy,
AN
>0
| T~ 4z ST @4nSi4
7

i



US 10,307,135 B2

Sheet 13 of 45

Jun. 4,2019

U.S. Patent

018

P N
(4oA17) SIET
207 121404
alepned
7
-
o«
-
9
2 -
= s
2 -
&
4 909
-
0s1l
B
Y
3 o
: o
: n
> =,
o -
> oy
= S
3 e
w T ™Y
: S
9T 34n3i4



US 10,307,135 B2

Sheet 14 of 45

Jun. 4,2019

U.S. Patent

018

TN
(4an1y) UtoA
2qo7 jexod
ajepned =
o
=3
-
-
E
-
tw..»
?4&‘
o
-«
-
\ g
/.. 0ST
Y
S
"
e
T
S
e
Ly
T
% o
: -
m R
I~ _ LT 3an3y
4
09T
e



U.S. Patent Jun. 4, 2019 Sheet 15 of 45 US 10,307,135 B2

— 120

- | Caudate|  Jeseses
Portal | fobe
Vein | {Liver)

3
*

s

e e
e e

i e



US 10,307,135 B2

Sheet 16 of 45

Jun. 4,2019

U.S. Patent

0ct

(42a17)
aqo
ajepne)

019

e T L A L T X a1

AT
UiSN
|e3104d

6T 2.n3i4

091



US 10,307,135 B2

Sheet 17 of 45

Jun. 4,2019

U.S. Patent

qog 24n3i4

agon
a1epne)

006

T06 06

106 v

0z1 d

N
UIOA
(42A1) |jeniod
2qo1
prepnedy| -
P
-7
-~
\« i
206
~
,l
"~
016 S
-~
<o
N
206
eQz 924n3i4




U.S. Patent Jun. 4, 2019 Sheet 18 of 45 US 10,307,135 B2

2101

2117

[
(=]
b
™~

Figure 21

2107



U.S. Patent Jun. 4, 2019 Sheet 19 of 45 US 10,307,135 B2

2100
2101

Figure 22

2109



qgc 24n314

US 10,307,135 B2

Sheet 20 of 45

Jun. 4,2019

U.S. Patent

IAI

RN

STEYAY

(43A17) |1BHOd

3q07 - -

mumv:mu\.\\
e

_r

»
e
'S
-
-
.
-
R
.
-
-

L0t



US 10,307,135 B2

Sheet 21 of 45

Jun. 4,2019

U.S. Patent

qi¢ 2.n3id

T0T?

< 00t1e

SON €01¢

JAI

(12n17) aqoq a1epned

\\\\\\\\\\\ LOTT
60TT

Nd

\\.\\II!/ AT
JAI UISA
(4on17) |18H0d -
2qoT] _-”
”
SNAI - |9¥EPREQL -
~
rd
-~
e
I~~~
' 6012
¢¢‘¢o¢‘¢0 //
012
ko
~
~
~
/ A
~
016 SO
<
/// ~
~
018 ~
T
i
||||||||| 2q

£01¢

ey 24n3i4



qge 24n3i4

US 10,307,135 B2

W,
-
S
=)
~
o~
~—
<5
@
=]
wn
(42A17) 207 a1epne)d
=)
- 60TT L
=
o
<
=
=
J

U.S. Patent

€012

T0TC

(1]0) ¥4

AT o
JANI
Uiap
(49A17) |ieviog
207 -’
SNAI Em_o:mnw. -
\\
PA T

eqz 92insi4

Ple
-
-
-
-
-
-

601¢C

60T¢



US 10,307,135 B2

Sheet 23 of 45

Jun. 4,2019

U.S. Patent

q9g a.n3i4

00tT¢

ai

(4aA17) aqo a1epne)

60T¢

OAI

(48A17)

2qo07
a1epne)

-
P
-
.
-
.
-
-
P
-
-

AT

(NETN
[e3i0d

60T¢C

2 q



US 10,307,135 B2

Sheet 24 of 45

Jun. 4,2019

U.S. Patent

q/Z 94n3i4

0z1e

60T¢C

00t

ocie

INI

(42A17)
9q0
Plepne)

N

TTET
[e3d0d

601¢C



US 10,307,135 B2

Sheet 25 of 45

Jun. 4,2019

U.S. Patent

qge 24n3i4

ozt

SON
60T¢ N i

(4oan) 2qo07 s1epPNEd
STTT —eeeoe >

60T¢

Ad

\\\lltl)}/ P R
JAI
uian
(19AI17) | 1eviog
9007
1012 lepne)
0017
> /
\\
£0TZ /m
§TTT — s 4%
0TIz .
T
/ e
ootz — | o )
q

ege 94nsi4



US 10,307,135 B2

Sheet 26 of 45

Jun. 4,2019

U.S. Patent

q6¢ 24n3i4

0cte

SON
601 NI

(4an17) @qoT S1epPnE)

T4 % A

60TT /

Ad

101¢

80T¢

€0T¢

—001¢

YA WA S—

0cic

JNI

6012

uIan
(43A17) | 1evi0d
2qo1
Plepne)
\\\\\l\l\.ﬂw
g \\\\\\\\ /
p-mm” 7414
_—
/Sm
I M
egz 2i4n3i4



US 10,307,135 B2

Sheet 27 of 45

Jun. 4,2019

U.S. Patent

O€ @4n34

06

B4IM
2Y3 A0 IUDIS PAIIAOD B BIUBAPY

R AN Y4

T

341M BY3 1SN0 PUE YIB3YS 3y}
y8nouyl yieays SUpUoM 3IUBAPY

516¢

T

yieays ayl wouy aojaap SuiBeusy
34l PuUB BIPI3U SY) MEIPUYUM

gl6¢c

T

116

21paau BY USNOIYL SHM BIUBRAPY

3us auniound
a3yl y8nosyl ajpssu 3yl dIULAPY

6067

T

Jfpsau Y3 jo uoiniod e
15e3} J2 pue a11s ainund e adeuy

L0672

$0672

yjeays ay3
YInouyl a|pasu ajgixay aduBApY

yiesys ayl
y8nouyy aoinep SuiSews soueapy

£06¢

T

Juiod uo4asuUl ue ySnoayy
QINIRNISEA  O1W  YlBdYyS Bsu|

0067




US 10,307,135 B2

Sheet 28 of 45

Jun. 4,2019

U.S. Patent

a1

€ 94n314

ST TN
DA
(43n17)
2q01
ajepne)

- €0TE

el

M)
q

TN
UIOA
|eyiod
-~
'

”
-

€ 94n3i14

LOTE



US 10,307,135 B2

Sheet 29 of 45

Jun. 4,2019

U.S. Patent

qz€ 94n3i4

INI

(4on17)
9qo1
lepne)

- e
7’

T TN
UIoA
|e310d
. -

~
s




qgg 24n3814

US 10,307,135 B2

Sheet 30 of 45

Jun. 4,2019

U.S. Patent

INI

RN

UIaA
(49nn7) |I1BHOd| -
ago1 17
alepned| » 7

L

™~
L0T€E




US 10,307,135 B2

Sheet 31 of 45

Jun. 4,2019

U.S. Patent

qve 24n8i4

ST AT
A\

(HETY
(4an11) lenod | 7
29017 Rat
oiepned | g
P

e
I

| €0T¢ —

ey € 24nsi4

L0TE



qS€ 924n3i

US 10,307,135 B2

TN
UISA
(4dAn) (l8MOd -
2qo1 '
aepney| -~
L d
”
”
”
w, e
-
S
(=]
o
e
>
>
=
[#0]
// -
S N
= ~ 60TC
= ™\ s
- soTE b
- ~
m. -~
- B
eqg ainsi4
q

U.S. Patent



)
.

q9g a4nsi4

US 10,307,135 B2

i
- INI SIETY
(49n17) |IBHOd
esesmosose a3qo
91epne)
w,
-
S
(=
-
2
=
[#0]
— | N
= 6012
S AN
< S0TE
=
=
- T
N e
- £0TE

emmm 2.n3d14
g

6012 ! -

U.S. Patent



q.LE 4n3i4

US 10,307,135 B2

Sheet 34 of 45

Jun. 4,2019

U.S. Patent

(4on17)
2001
alepne)

| €0TE

VEY
jeLod

/.

TN
g

601¢

e/ € ainsi4



US 10,307,135 B2

Sheet 35 of 45

Jun. 4,2019

U.S. Patent

q8€ 2.n31y .

JAI UIoA
(43nn7) (IEMIOd
2q07
21epne)

601¢C

€0te P Ty
—e

egg 24n3i14




US 10,307,135 B2

Sheet 36 of 45

Jun. 4,2019

U.S. Patent

q6€ 4n3i4

IAI

{49A17)
2qo1
blepne)d)

SOTE

AT
UioAn
|elod

N
o

607

\

601¢

egE 2.in3i4



US 10,307,135 B2

Sheet 37 of 45

Jun. 4,2019

U.S. Patent

Ot 24n3i4

020

aping apsau
3yl woy aam syl Suaowsu
‘BHM BYL IBAO pue {lesys syl
y8noiayz yiesys Supliom asueapy

Tio¥

)

41eays 3yl wouy aoiasp 3uidewll
3Yl PuUE BiPIJU dY] MEIPYLM

L 6007

T

ajpoau syl y3nouys
SHM B SDUBAPE pue aus aunjound
ayl ySnoiyl a|pasu ayl sdsueapy

L £L0OY

/]

djposu 3y} Jo uoiniod e jsesy e
pue oys aunjound e SuiSew; apym
3IPING 3jpasu vyl ydInouy) ajpasu
e aoueape pue apingd opssu
341 JO uofod jeIsIp ' 3leonayY

yieays ay3
Yy8noayl 201aAsp 3uidewt asueapy

T

1utod uonsasSUl Uk YBnoiyl
ainignosen  8yy o opin8
ajpsau e Suaey Yieays Jasuy




US 10,307,135 B2

Sheet 38 of 45

Jun. 4,2019

U.S. Patent

qIv 24n3i4

JAI

SNAI

AT TN
SIET
(4on17) |1BMOd| -
aqo1 17
a1epne)| -~
-~
\\
\\
~
~
~
~
>
N "~
0T RS
o
/ ~
|_—coty KD
eIy 24nsi4
1
q
LOTE




US 10,307,135 B2

Sheet 39 of 45

Jun. 4,2019

U.S. Patent

qzy @4n3i4

IAI

SNAI

TN
UIBA
(49n17) |IBHOd | -~
mQO|_ . P ”
a1epnen| -~ ~
”
P
”
”
-~
-~
>~
~
~
N
~
~
SOTv ~d
~
/
~
T

ezy 24n8i4

L0TE



qst 94n3i4

US 10,307,135 B2

Sheet 40 of 45

Jun. 4,2019

U.S. Patent

IAI

SNAI

(49n17)
2q07
9lepne)

P d

e
\
P

AT

|e110d

”

UIaA

e
”’
e

P




qyy 24ndi4

US 10,307,135 B2

Sheet 41 of 45

Jun. 4,2019

U.S. Patent

AN

SET
2qo1]
aiepne)

€0TP
L

q

L0T€

eyt 24n8i14



q9

US 10,307,135 B2

Sheet 42 of 45

Jun. 4,2019

U.S. Patent

{ 94n3i4

JAI

SAALI

UISA
(4onn7) [IBHOL} -
”
Clofoy| 1
wpm_osmu\\\
”
P d
s
”
rd
N
6017
~
~
~
/I
c/
~
~
T T
e ™

601¢



US 10,307,135 B2

Sheet 43 of 45

Jun. 4,2019

U.S. Patent

q9t, 24n314

INI

i)

q

SIEYY
(4on7) |1BHOd
9007
21epne)

TN
—

60T1¢

(OTT

eg9t 24nsi4



US 10,307,135 B2

Sheet 44 of 45

Jun. 4,2019

U.S. Patent

qL

 24n3i4

AT AT
IAI UIoA
(42ar7) | 1€30d
2qo1
ayepned P
- w
r -
e
e - -
™
6012
P
T
iv
ke ,
SOTY
e
n,
™~ \\W.M/
-eoty S,
K
e/t 24nsi4
6017



US 10,307,135 B2

Sheet 45 of 45

Jun. 4,2019

U.S. Patent

00LY

817 @un3s14

1LYy

33IA3P SNA] Y1 BAoWwaY

60LY

3jPaBdu 3y} MEIPYIM
pug JdiM Syl S[0UBApER Jaylang

i

33s asnjound ay3 Buiew
ayM s aunpund a3y ysnoayy
Aiim  pue 3jpasu Byl IdUBAPY

L LOLY

1

apind m:n.ummc Yy ya3noays
UM B pPUBR 2{PBBU B BJUBADPY

SO0LY

aping ajpasu
3yl jo uojnod [elstp B 21e|NIUY

i)

1uod UolJasuUl ue ysnouys
2iN3ENISEA ayy ajul aping
3paau pue aNAID SAA] HDSY

TOLY




US 10,307,135 B2

1

INTRAVASCULAR ULTRASOUND NEEDLE
GUIDE

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
App. No. 61/906,860, filed 20 Nov. 2013, entitled “INTRA-
VASCULAR ULTRASOUND NEEDLE GUIDE,” which is
hereby incorporated by reference in its entirety.

BACKGROUND

Field

The present disclosure relates generally to devices, sys-
tems, and methods using needle guides and ultrasonic imag-
ery in minimally-invasive surgical procedures. More spe-
cifically, this disclosure relates to an ultrasonic imaging
device and needle guide configured to improve visualization
of the needle and facilitate accurate punctures.

Description of the Related Art

A medical procedure may utilize intravascular ultrasound
(“IVUS”). IVUS can involve a catheter having an ultrasound
probe attached to the distal end of the catheter or a cylin-
drically-shaped probe with an ultrasound array positioned at
the distal end to be used for intravascular ultrasound imag-
ing. IVUS can be used to visualize the interior of portions of
the arterial or venous system. In this way, veins and/or
arteries may be examined for atheroma, plaque, calcific
material, and the like. IVUS may also be used to examine
structures adjacent to the blood vessel, such as adjacent
organs or the location of adjacent blood vessels.

SUMMARY

The devices, systems, and methods of the present disclo-
sure have several features, no single one of which is solely
responsible for its desirable attributes. Without limiting the
scope of this invention as expressed by the claims which
follow, its more prominent features will now be discussed
briefly. After considering this discussion, and particularly
after reading the section entitled “Detailed Description of
Certain Embodiments,” one will understand how the fea-
tures of this disclosure provide several advantages over
other IVUS systems, methods, and devices.

One aspect is an intravascular ultrasound device that has
a needle guide, either intrinsic to an IVUS probe or as an
extrinsic attachment to the probe, to be used in performing
minimally invasive image-guided surgical procedures. Some
embodiments include a sheath or support structure through
which an IVUS catheter can pass. In some embodiments, the
sheath or support structure includes a needle guide. In some
implementations, a needle having a pre-curved distal portion
is inserted through the needle guide. In other implementa-
tions, a straight needle is used with a needle guide that has
an articulating distal portion. In other implementations, a
needle having an articulating distal portion is inserted into
the needle guide. In some implementations, the needle
includes a lumen running therethrough. A wire may be
placed within the lumen.

In some embodiments, the intravascular ultrasound device
includes a means for stabilizing the probe within a vessel
lumen. The means for stabilizing may be intrinsic to the
IVUS probe. In other embodiments, the means for stabiliz-
ing is an attachment to the probe, an attachment to a catheter,
or incorporated into a guide sheath. The means for stabiliz-
ing may comprise one or more inflatable balloons. The
means may comprise one or more rigid guidewires.
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Another aspect is needle guide configured to keep a
needle in the plane of the visualization path of an IVUS
probe. Another aspect is a device having a flexible curved
needle configured to straighten when advanced through a
needle guide. The needle may be configured such that the
needle returns to a predetermined curved shape when the
needle exits a distal end of the needle guide. The needle
guide may be intrinsic to the IVUS probe. In some embodi-
ments, the needle guide is an attachment to the probe. In
some embodiments, the IVUS guide is passed through a
guide-sheath. The sheath may comprise a hemostatic vas-
cular sheath. The sheath may include a needle guide, a
lumen for the IVUS catheter, and/or one or more stabiliza-
tion balloons.

Another aspect is a system for performing a medical
procedure. The system may comprise a catheter having a
proximal end and a distal end comprising an ultrasonic
probe. A puncture assembly may comprise a needle guide
having a lumen extending therethrough. The lumen may
have a proximal opening, a distal opening, and a flexible
needle disposed therein. The puncture assembly may be
configured to direct a distal end of the needle into a
visualization area of the ultrasonic probe. The needle guide
may have a distal potion configured to bend away from the
catheter. The flexible needle may have a distal potion
configured to bend away from catheter. The distal opening
may be configured to deflect the distal end of the needle
away from the catheter. The needle guide and the needle may
have cross-sectional shapes so that the needle is inhibited
from rotation within the needle guide.

Another aspect is a system for performing a medical
procedure comprising a sheath having at least a first lumen
and a second lumen extending therethrough. The first lumen
may be configured to receive a catheter having a proximal
end and a distal end comprising an ultrasonic probe. The
second lumen may be configured to receive a flexible needle.
The needle may have an internal lumen for passage of a
guidewire extending therethrough. In some embodiments,
the needle is advanced in unison with an internal guidewire
extending therethrough. In other embodiments, the needle is
advanced first, followed by an internal guidewire that is
advanced through the internal lumen of the needle.

A channel may connect the first lumen with the second
lumen. The channel may be sized and shaped so as to allow
the wire but not the needle to pass therethrough. The needle
guide and the needle may be shaped such that the needle is
prevented from rotating within the needle guide. The second
lumen may have a distal portion configured to bend away
from the catheter.

Another aspect is a surgical method of treatment com-
prising advancing a sheath into the vasculature of a patient.
The sheath may have a first lumen and a second lumen
extending therethrough. The first lumen and the second
lumen may be connected by a passageway. The method may
include advancing a needle through the first lumen. The
needle may have a lumen for an internal wire to pass
through. The method may further include advancing an
ultrasonic imaging device through the second lumen and
advancing the needle out of a distal opening of the first
lumen and into a visualization area of an ultrasonic device.
An internal wire may be advanced through the needle. The
method may also include withdrawing the needle and the
ultrasonic device, and advancing a working sheath through
the second lumen and over the internal wire to pull the
internal wire through the passageway and into the second
lumen. The method may include articulating at least a
portion of the needle to a position that is not parallel with
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respect to a longitudinal axis of the second lumen. The
method may include displaying an image of the needle
advancing out of the distal opening of the first lumen. The
method may include advancing a collapsible stent over the
internal wire and through the working sheath. The method
may include separating the needle from the internal wire. In
some aspects, the method includes advancing an angioplasty
balloon and an expandable stent over the internal wire and
through the working sheath. The method may include
removing the needle over the internal wire.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
invention disclosed herein are described below with refer-
ence to the drawings of certain embodiments, which are
intended to illustrate and not to limit the invention. Addi-
tionally, from figure to figure, the same reference numerals
have been used to designate the same components of an
illustrated embodiment. The following is a brief description
of each of the drawings.

FIG. 1 is a schematic illustration of an embodiment [VUS
probe having a needle guide. As shown, the needle guide
extends through an internal portion of the IVUS probe.

FIG. 2 is a cross-sectional view of the device of FIG. 1
taken about the line 2-2.

FIG. 3a is a top view of the device of FIG. 1 with the
needle removed.

FIG. 354 is a side view of the device of FIG. 1 with the
needle removed.

FIG. 4 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 1. except that the needle guide is
coupled to an exterior surface of the IVUS probe.

FIG. 5 is an enlarged side view of the device of FIG. 4.

FIG. 6 is a cross-sectional view of the device of FIG. 5
taken about the line 6-6.

FIG. 7 is an enlarged side view of another embodiment of
an IVUS probe having a needle guide. The embodiment is
similar to that of FIG. 1, except that the needle guide has a
distal portion that extends away from the interior of the
IVUS probe.

FIG. 8 is an enlarged side view of another embodiment of
an IVUS probe having a needle guide. The embodiment is
similar to that of FIG. 1, except that the needle guide has an
angled or curved exit port that may deflect a needle away
from the IVUS probe.

FIG. 9aq is an enlarged side view of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 1, except that the needle guide
includes a distal portion that may move away from the body
of the IVUS probe. As shown in FIG. 9a, the distal portion
is in a down position and at least partially within the body
of the IVUS probe.

FIG. 94 is a side view of the device of FIG. 9a. As shown
in FIG. 95, the distal portion of the needle guide is angled
away from the body of the IVUS probe.

FIG. 10q is an enlarged side view of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIGS. 9a and 94, except that the needle
guide is coupled to an exterior surface of the IVUS probe.
As shown in FIG. 10aq, the distal portion of the needle guide
is in a down position.

FIG. 105 is a side view of the device of FIG. 10a. As
shown in FIG. 105, the distal end of the needle guide has
been articulated away from the body of the IVUS probe.
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FIGS. 11a and 115 are cross-sectional views of other
embodiments of an IVUS probe having a needle guide.
These embodiment are similar to that shown in FIGS. 2 and
6, except that the cross-section of the needle guides are
shaped to prevent rotation of a needle inserted into the
needle guide with respect to the IVUS probe.

FIG. 12 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 1 but it includes an inflatable
balloon.

FIG. 13 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 12 but it includes a second inflatable
balloon.

FIG. 14 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIGS. 4 and 12. As shown, the needle
guide is coupled to an exterior surface of the IVUS probe
and includes an inflatable balloon.

FIG. 15 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 14 but it includes a second inflatable
balloon.

FIG. 16 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIGS. 1 and 13 but it includes an
attachment having a side-opening. Two inflatable balloons
are coupled to the attachment.

FIG. 17 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIGS. 4 and 15 but it includes an
attachment having a side-opening. Two inflatable balloons
are coupled to the attachment.

FIG. 18 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 16 except that the needle guide
extends through the attachment.

FIG. 19 is a schematic illustration of another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 18 except that the needle guide is
coupled to an exterior surface of the attachment.

FIG. 20q is a schematic illustration another embodiment
of an IVUS probe having a needle guide. The embodiment
is similar to that of FIG. 1 except that the IVUS probe
includes a guidewire lumen extending therethrough.

FIG. 205 is a schematic cross-sectional illustration of
FIG. 20q taken about the line b-b.

FIG. 21 is a schematic cross-sectional illustration of an
embodiment including a sheath having a needle guide and
flexible needle extending therethrough. The sheath may be
used with an IVUS probe. The flexible needle includes an
internal guidewire extending therethrough.

FIG. 22 is the same as FIG. 21 except that the flexible
needle has been removed from the needle guide. With the
needle removed, the internal guidewire may pass from the
needle guide channel into the central lumen of the sheath.

FIG. 234 shows the embodiment of FIG. 21 in the context
of a surgical procedure. The embodiment is similar to that of
FIG. 1 except that an asymmetrically shaped needle having
lumen extending therethrough is positioned within the
needle guide. FIG. 235 is a schematic cross-sectional illus-
tration of FIG. 23a taken about the line b-b, through the
inferior vena cava but not including the portal vein.

FIG. 24a the same as FI1G. 23a except that a guidewire has
been advanced through the lumen of the needle into the
portal vein. FIG. 245 is a schematic cross-sectional illustra-
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tion of FIG. 24a taken about the line b-b, through the inferior
vena cava and the portal vein.

FIGS. 25a and 25b are the same as FIGS. 24a and 24b
except that the needle is removed.

FIGS. 264 and 26b are the same as FIGS. 25q and 255
except that the IVUS probe is removed. With the needle and
the TVUS probe removed, the internal guidewire may pass
from the needle guide channel into the central lumen of the
sheath.

FIGS. 274 and 276 are the same as FIGS. 26a and 265
except that a working sheath is advanced over the wire and
through the sheath. As shown, the sheath is also partially
withdrawn. Advancing the working sheath over the wire
may further pull the wire into the central lumen of the
sheath.

FIGS. 284 and 2854 are the same as FIGS. 27a and 275
except that a balloon stent is advanced over the wire in a
collapsed configuration.

FIGS. 29q and 295 are the same as FIGS. 284 and 285
except that a balloon stent is inflated forming a shunt
between the inferior vena cava and the portal vein.

FIG. 30 is a flow diagram illustrated a method of pre-
forming a surgical procedure according to one embodiment.

FIG. 31a shows another embodiment of IVUS probe
having a needle guide. The embodiment is similar to that of
FIGS. 5, 9a, 95, and 23a except that the sheath includes a
needle guide having an articulating distal end. As shown, a
needle having a circular shaped cross-section and an internal
guidewire is positioned within the needle guide.

FIG. 315 is a schematic cross-sectional illustration of
FIG. 31a taken about the line b-b, through the inferior vena
cava but not including the portal vein.

FIGS. 32q and 326 are the same as FIGS. 31a and 315
except that the distal end of the needle guide is articulated
away from the sheath.

FIGS. 334 and 335 are the same as FIGS. 32a and 325
except that needle having an internal guidewire is advanced
out of the needle guide and into the portal vein.

FIGS. 34qa and 345 are the same as FIGS. 33a and 335
except that guidewire is further advanced through the needle
and further into the portal vein.

FIGS. 354 and 35b are the same as FIGS. 34a and 34b
except needle is removed.

FIGS. 364 and 365 are the same as FIGS. 35q and 355
except that the IVUS probe is removed. With the needle and
the IVUS probe removed, the internal guidewire may pass
from the needle guide channel into the central lumen of the
sheath.

FIGS. 37a and 375 are the same as FIGS. 36a and 365
except that a working sheath is advanced over the wire and
through the sheath. Advancing the working sheath over the
wire may further pull the wire into the central lumen of the
sheath.

FIGS. 384 and 38 are the same as FIGS. 37q and 37b
except that the distal end of the needle guide is moved to an
unarticulated position and the sheath is partially withdrawn
to further expose the working sheath.

FIGS. 394 and 39 are the same as FIGS. 38a and 38b
except that a balloon stent is advanced over the wire and
inflated to form a shunt between the inferior vena cava and
the portal vein.

FIG. 40 is a flow diagram illustrated a method of pre-
forming a surgical procedure according to one embodiment.

FIG. 41a shows another embodiment of IVUS probe
having a needle guide. The embodiment is similar to that of
FIG. 31a except that the needle guide having an articulating
distal end is coupled to the IVUS probe.
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FIG. 4156 is a schematic cross-sectional illustration of
FIG. 41q taken about the line b-b, through the inferior vena
cava but not including the portal vein.

FIGS. 42a and 425 are the same as FIGS. 41q and 415
except that the distal end of the needle guide is articulated
away from the sheath.

FIGS. 43a and 43b are the same as FIGS. 42a and 425
except that needle having an internal guidewire is advanced
out of the needle guide and into the portal vein.

FIGS. 44a and 445 are the same as FIGS. 43q and 435
except that guidewire is further advanced through the needle
and further into the portal vein.

FIGS. 45a and 45b are the same as FIGS. 44a and 44b
except needle is removed.

FIGS. 46a and 46b are the same as FIGS. 45a and 45b
except that the IVUS probe is removed.

FIGS. 47a and 47b are similar to FIGS. 45q and 45b
except that the IVUS probe has a slightly different configu-
ration that may facilitate the separation and removal of the
IVUS probe from the needle guide.

FIG. 48 is a flow diagram illustrated a method of pre-
forming a surgical procedure according to one embodiment.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

The following description and examples illustrate pre-
ferred embodiments of an intravascular ultrasound needle
guide system disclosed in the context for use in medical
procedures. The following description and the accompany-
ing figures, which describe and show the preferred embodi-
ments, are made to demonstrate several possible configura-
tions that a visually guided needle and/or IVUS needle guide
system can take to include the various disclosed aspects and
features.

The illustrated embodiments are shown in use with an
IVUS probe having an ultrasound array at or near the distal
end of the probe. However, the illustration of devices in this
context is not intended to limit the disclosed aspects and
features to the specified embodiment or to usage only with
the illustrated components and procedures. For example, the
disclosed embodiments can be used with various imaging
techniques known in the art. Those of skill in the art will
recognize that the disclosed aspects and features are not
limited to any particular embodiment of an IVUS system
which can include one or more of the inventive aspects and
features herein described.

The systems, methods, and devices described herein are
especially adapted for use in guided minimally invasive
surgical procedures. Each embodiment disclosed herein can
serve the important purpose of keeping a needle in the plane
of an IVUS array, thus facilitating visualization of the needle
and to ensure accurate placement of the needle. The embodi-
ments provide the benefits of decreasing the risk of off-target
punctures, decreasing the operator learning curve and pro-
cedure times, and can allow for many procedures to be
performed from a single access site. In sum, the disclosed
systems, methods, and devices can make minimally-inva-
sive surgical procedures safer for patients and allow for
procedures previously performed by other means to be
performed using IVUS-guidance.

While the embodiments can be used for direct intrahepatic
portocaval shunt placement as described in detail below, the
embodiments can also be used in other procedures that
benefit from IVUS-guidance. Such procedures include, for
example, liver lesion biopsies via a transjugular approach
through the hepatic veins, vascular or cardiac mass biopsies,
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cardiac node ablation or mitral valve procedures that require
crossing the interatrial septum, and liver and/or renal tumor
ablation procedures.

A direct intrahepatic portocaval shunt (“DIPS”) procedure
is a means of creating a portosystemic shunt between the
portal vein (“PV”) and the inferior vena cava (“IVC”). DIPS
may be used as a treatment for portal hypertension. Portal
hypertension is a condition resulting from elevated blood
pressure in the portal venous system. The portal venous
system is comprised of the splenic vein, superior and inferior
mesenteric veins, and coronary vein that converge to form
the portal vein, which enters the liver. Portal hypertension
has a variety of causes, the most common being cirrhosis.
Symptoms of portal hypertension include upper gastrointes-
tinal variceal bleeding, refractory ascites, and/or recurrent
hepatic hydrothorax. A treatment consideration in patients
with symptoms of portal hypertension is decompression of
the portal venous system by creation of a portosystemic
shunt.

IVUS imaging may be used in a DIPS procedure. An
IVUS probe may be inserted into the IVC from right
common femoral vein access. IVUS is used to image a
puncture made using a needle advanced through a metal
cannula inserted via the right internal jugular vein. The
needle punctures through the wall of the intrahepatic seg-
ment of the IVC into the intrahepatic portion of the portal
vein (usually near the bifurcation). This puncture passes
through the caudate lobe of the liver. A wire may then be
advanced through the needle to secure access across the
tract. Then, using fluoroscopic guidance, the tract is dilated
and a covered stent is placed to allow for sufficient blood
flow through the shunt and to maintain shunt patency. This
shunt decompresses the elevated pressure in the portal
venous system, and thus stops and/or prevents variceal
bleeding and stops or decreases development of ascites or
hepatic hydrothorax.

It may be difficult to align the needle for puncture in the
plane of the IVUS. The methods, systems, and devices
disclosed herein can facilitate making this needle puncture
under IVUS-guidance by keeping the needle in generally the
same plane as the ultrasound. The methods, systems, and
devices have one or more of the following benefits and
advantages. First, they can allow for significantly improved
visualization of the needle which can decrease the risk of
off-target punctures. In the setting of DIPS specifically,
off-target punctures can lead to arterial injury and/or liver
capsule perforation, which can lead to bleeding complica-
tions, including hemoperitoneum and death. In addition, the
technical difficulty of the procedure is decreased. Thus, the
procedure is safer and operator learning curve times are
shortened. Furthermore, the techniques and devices can
allow for the entire procedure to be performed from a single
access site (e.g., entering from the right internal jugular
vein). The need for a separate access site in the right
common femoral vein for the IVUS probe is obviated. This
improvement decreases procedure time and eliminates
potential complications from a second access site.

The inventions disclosed herein can also be used for other
procedures that benefit from IVUS-guidance. Again, the
benefits of the invention in these seftings are improved
visualization of the needle using IVUS, decreased the risk of
off-target punctures, reduced technical difficulty resulting in
reduced procedure times, and elimination of the need for
additional access sites currently required for these proce-
dures. Pertaining specifically to liver lesion biopsies and
vascular or cardiac mass biopsies, the inventions can make
procedures feasible using IVUS-guidance that previously
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were not. Liver lesions ordinarily are biopsied transhepati-
cally under ultrasound guidance with puncture of the liver
capsule, which increases the risk of intraperitoneal hemor-
rhage. Biopsy may not even be possible in patients with
uncorrectable coagulopathies. Vascular and cardiac masses
are typically biopsied surgically, which also carries risk of
bleeding, as well as risks of general anesthesia. Accordingly,
the inventions disclosed herein may aid with biopsy proce-
dures as well.

More specifically, in some embodiments, the device com-
prises a needle guide that is intrinsic to an IVUS probe or is
an attachment to the probe. The needle guide can extend
along the length of the probe with a proximal opening for
insertion of a needle, and a distal opening for exiting of the
needle. The guide can keep the inserted needle in line with
the IVUS-array when the end of the needle is advanced
through the distal opening.

In some embodiments, the device includes a relatively
straight guide that could be used in combination with a
curved flexible needle such that the needle would be able to
straighten to pass through the needle guide, and would then
reassume its predetermined curved shape once it is passed
through the distal opening of the guide. Various flexible
needles having different degrees of curvature may be used.
In this way, needle punctures can be made at different angles
depending on what is desired for the procedure.

In some embodiments, the device includes a “pop-up” or
articulating guide allowing the probe to be safely placed and
positioned intravascularly while the guide is “down.” Once
the site of puncture is determined, the pop-up or articulating
guide may be activated and at least a portion of the guide
may move away from the probe and/or catheter. In this way,
a straight flexible needle may be advanced through the
needle guide to make a puncture at an angle determined by
the pop-up guide. The angle of the pop-up guide may be
adjusted such that punctures can be made at different angles
depending on what is desired for the procedure. A curved
flexible needle can be used instead of a straight flexible
needle to further increase the angle for puncture.

In some embodiments, the device may include a needle
guide having a distal portion that is angled away from the
catheter and/or probe. Thus, a straight flexible needle can be
advanced through the guide and can exit at an angle deter-
mined by the angle of the distal portion of the guide. The
various guide assemblies disclosed herein may be either
intrinsic to the IVUS probe or an attachment to the probe. In
some embodiments, the device comprises a needle-guide
that is removablely attached to an IVUS probe.

In some embodiments, the device comprises a sheath
having a needle guide. The needle guide may be attached to
the exterior or the interior surface of the sheath. The sheath
may be generally cylindrical in shape and may have a
generally cylindrical lumen extending therethrough. An
IVUS device may be positioned within the lumen. The
sheath may also include an internal needle guide extending
therethrough. For example, a generally cylindrical sheath
having a generally cylindrical lumen extending therethrough
may have a generally cylindrical sheath wall. The wall may
include a needle guide extending therethrough. The needle
guide may comprise a lumen extending through the sheath.
In some embodiments the needle guide comprises a channel
disposed in the sheath wall. The channel may connect with
the central lumen in the sheath via a passageway.

In some embodiments, a means for stabilizing the probe
within a vessel lumen may be included. In some implemen-
tations, a relatively large amount of force is required to
penetrate the tissue outside of the vein in which the needle
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guide is positioned. Accordingly, it may be desirable to
stabilize the needle guide, sheath, and/or IVUS such that the
device remains in substantially the same place while the
needle is advanced out of the vein and into the tissues and/or
organs surrounding the vein. Stabilizing the device may
increase the amount of leverage that can be applied to the
needle. The stabilization could be accomplished by various
structures and implementations. For example, the device
may include one or more balloons coupled to the TVUS
probe. In some embodiments, the device includes a balloon
that is intrinsic to the TVUS probe. A balloon may be located
proximal and/or distal to the distal end of the needle guide
and proximal and/or distal to the IVUS. A balloon may be
located proximal to the distal end of the needle guide. In
some embodiments, two balloons are used. For example,
one balloon may be located proximal to the distal end of the
needle guide and a second balloon may be located distal to
the IVUS array. In some embodiments the one or more
balloons are deposed on a support structure that is coupled
to the IVUS array. Other means for stabilizing the probe
and/or needle guide may also be provided in combination
with or instead of one or more balloons. For example, the
IVUS, sheath, and/or needle guide may be configured to be
advanced over a stiff guide wire to aid with stabilizing the
device within a veir.

Various aspects will now be described with reference to
specific forms or embodiments selected for purposes of
illustration. It will be appreciated that the spirit and scope of
the securement system disclosed herein is not limited to the
selected forms. Moreover, it is to be noted that the figures
provided herein are not drawn to any particular proportion or
scale, and that many variations can be made to the illustrated
embodiments. Brief introductions to some of the features,
which are common to the described embodiments of the
securement systems, are now described. In some embodi-
ments, the needle guide is extrinsic to the IVUS catheter, and
incorporated into a sheath—which the IVUS catheter can
pass through. One or more support balloons may be incor-
porated into the distal end of the guide-sheath.

As described herein, some embodiments may be used in
combination with various IVUS probes and/or catheters. In
general, such devices employ one or more ultrasound probes
attached to the distal end of a catheter. The proximal end of
the catheter may be attached to computerized ultrasound
equipment which allows an operator to see from inside
blood vessels and into areas surrounding the blood vessel.
The catheter may receive and conduct return echo informa-
tion to external computerized ultrasound equipment which
can construct and display real time ultrasound images.

FIG. 1 illustrates a device 100 including an IVUS probe
130 with needle guide 105 according to one embodiment. As
shown, the needle guide 105 is intrinsic to the IVUS probe
130. In other words, the needle guide 105 includes a lumen
107 sized and shaped such that a needle 160 may pass
through the interior of the IVUS probe 130.

FIG. 2 illustrates a cross-section of the embodiment
illustrated in FIG. 1 taken about the line 2-2. While the
device 100 is shown to have two lumens, one to house the
IVUS components 115 and the other to house a needle 160,
more lumens may be utilized. For example, in some embodi-
ments, the device includes a lumen configured to dispense or
withdraw fluid.

The needle guide 105 can keep the needle 160 in the plane
of the ultrasound array 120 to improve visualization of the
needle 160 and to facilitate accurate IVUS-guided punc-
tures. The device 100 can also allow for a single internal
Jugular vein access site. As illustrated, the device 100 is used
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for making a puncture from the IVC through the caudate
lobe of the liver into the portal vein, as would be done for
a DIPS procedure described above. The device 100 can
allow for a single internal jugular vein access site for
performing the procedure. The needle guide 105 may be
used to house and advance a needle 160 into the plane of the
ultrasound array 120. For example, an articulating needle
may be advanced through the needle guide 105. When such
a needle passes through the exit port 110 in the distal end of
the needle guide 105, the needle may be activated such that
is articulates and/or bends into the portion of the vein or
artery that is visualized using the IVUS probe 130. While the
needle guides are described herein in use with needles
configured to puncture blood vessels, other tools, wires,
catheter, liquids, and the like may be passed through the
needle guides described herein.

In some embodiments a flexible needle 160 having a
preformed or predetermined curved distal portion 150 may
be used. Such a needle may be configured such that it may
travel through tortious paths. The needle 160 may bend into
the substantially same shape as the lumen 107 in which the
needle 160 passes through. When at least a portion of the
needle 160 passes through the exit port 110 in the distal end
of the needle guide 105, the needle 160 may return to its
preformed curved configuration. In other words the needle
may be configured to straighten when advanced down the
needle guide 105 and to reassume its predetermined curve
once it is advanced out the distal end of the needle guide
105. Needles with different curves can be utilized. Needles
with the desired curve for the specific puncture could be
selected and used for the specific procedure. For example,
flexible needles 160 having a preformed or predetermined
curved distal portion 150 may be selected such that when the
distal portion 150 of the flexible needle 160 is advanced out
of the exit port 110, the distal portion 150 bends out and into
the line of sight of the ultrasound array 120. In this way, an
operator may more accurately visualize and control the
needle.

Turning to FIGS. 3a and 34, the needle guide 105 may
extend down the length of the IVUS probe 130. A proximal
opening in the guide 105 may allow for insertion of the
needle 106. A distal opening allows the needle to exit
through an exit port 110. As shown, the exit port 110 is
proximal to the IVUS array 120. The exit port 110 may be
positioned such that when the needle 160 is advanced out of
the exit port 110, the needle 160 is positioned within the
visualization area of the ultrasound array 120. As described
below, in some embodiments, the needle guide 105 and
needle 160 are shaped such that the needle 160 cannot rotate
within the needle guide 105.

FIG. 4 illustrates a device 200 having a needle guide 210
coupled to an exterior surface of an IVUS probe 130. In this
embodiment, the needle guide 210 is an externally attached
to the IVUS probe 130 having at least one lumen 107
extending therethrough. Similar to the embodiments
described above, the device 200 may be used in connection
with a flexible needle 160 configured to bend into the plane
of the ultrasound array 120 when a portion of the needle 160
passes out of the exit port 110. In some embodiments, the
flexible needle 160 has a pre-curved distal end.

FIG. 5 is an enlarged side view of the device of FIG. 4.
As shown, the needle 160 includes a distal portion 150 that
is pre-curved to bend into the viewing area of the ultrasound
array 120 as the needle 160 is advanced out of the exit port
110 of the needle guide 210. FIG. 6 is a cross-sectional view
of the device of FIG. 5 taken about the line 6-6. IVUS
components 115 may extend through the interior of the
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IVUS catheter 200. The needle 160 passes through the
needle guide 210. In certain embodiments, the needle 160
has a diameter that is less than the diameter of the lumen 107
of the needle guide 210. However, the needle 160 may have
a larger diameter such the needle fits snugly within the
lumen 107 of the needle guide 210. Moreover, while not
shown in FIG. 6, the needle 160 may include an internal
guidewire passing through the interior of the needle 160.
The needle 160 and the guidewire may be moved together or
independently.

The embodiments shown in, for example, FIGS. 1-6 may
be generally used in accordance with the following method.
The method can begin by advancing the TVUS catheter
having an intrinsic or extrinsic needle guide into a vein until
the target area is reached. The specific target area can then
be visualized using the IVUS catheter and attached imaging
system. A needle 160 having a pre-curved distal portion and
an internal guidewire may be advanced out of the exit port
110 of the needle guide 105, 210 and into the visualization
plane of the IVUS catheter 130. In a DIPS procedure, the
needle 160 and internal guidewire may be advanced out
through the vessel wall, through the caudate lobe of the liver,
and into the portal vein. This advancement of the needle 160
and internal guidewire may be viewed in real-time, further
ensuring an accurate path. When the needle 160 and internal
guidewire are in the correct position, the needle 160 may be
withdrawn, leaving the internal guidewire in place. A dilator
may be then advanced over the guidewire. A collapsed shunt
may be advanced over the dilator. The collapsed shunt may
be inflated, creating a passageway for blood to flow from the
IVS to the portal vein. The method may be imaged and/or
visualized during one or more portions of a procedure
because the IVUS catheter stays in the proper viewing
position.

In some implementations, the devices disclosed herein
may be used in connection with the following method. The
method can begin by advancing the IVUS catheter having an
intrinsic or extrinsic needle guide into a vein until the target
area is reached. The specific target area can then be visual-
ized using the IVUS catheter and attached imaging system.
A needle 160 having a pre-curved distal portion may be
advanced out of the exit port 110 of the needle guide 105,
210 and into the visualization plane of the IVUS catheter
130. In a DIPS procedure, the needle 160 may be advanced
out through the vessel wall, through the caudate lobe of the
liver, and into the portal vein. This advancement of the
needle 160 may be viewed in real-time, further ensuring an
accurate path. When the needle 160 is in the correct position,
a guidewire may be advanced through the needle 160 and
into the portal vein. The needle 160 may then be withdrawn,
leaving the internal guidewire in place. A dilator or angio-
plasty balloon may be then advanced over the guidewire. A
collapsed shunt may be advanced over the dilator. The
collapsed shunt may be deployed, creating a passageway for
blood to flow from the IVC to the portal vein. The method
may be imaged and/or visualized during one or more por-
tions of a procedure because the IVUS catheter stays in the
proper viewing position.

Moving on to FIG. 7, in some embodiments, a device 300
can include an internal needle guide 310 comprising at least
one lumen 107 having a distal portion that is angled or
curved away from the IVUS probe 130. In this way, a
relatively straight but flexible needle 160 can exit the needle
guide 310 at a predetermined angle in the plane of the
ultrasound array 120. As shown in FIG. 7, a flexible needle
160 having a substantially straight distal end 150 can be
used. While not shown in the FIG. 7, a flexible pre-curved
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needle can also be used. The angled or curved portion may
be of any length and/or angle.

Similarly, in some embodiments, for example the embodi-
ment shown in FIG. 8, the device 400 may include a needle
guide 410 having a lumen 107 with a distal portion that is
substantially parallel to the probe 130 but has an exit port
415 configured such that the needle 160 is deflected into the
plane of the ultrasound array 120 by a portion of the exit port
415. For example, the exit port 415 may have a curved or
rounded surface. When the needle 160 is advanced through
the needle guide 410, the needle 160 may contact this
surface of the exit port 415 and be deflected away from the
probe 130 at the desired angle. In some embodiments, the
needle 160 is a curved flexible configured to straighten after
exiting the exit port 415 of the needle guide 410. When the
needle 160 exits the exit port 415, the needle 160 can return
to its preformed shape to puncture the vessel at the desired
angle with respect to the IVUS probe 130. While not shown
in FIG. 8, in some embodiments, the needle 160 is relatively
straight but assumes an angle away from the IVUS probe
130 when it contacts the curved or rounded surface of the
exit port 415.

FIGS. 9a and 95 illustrate an embodiment 500 with a
needle guide 510 having a distal portion 520 which pops out
and away from the IVUS probe 130 when activated. The
distal portion 520 may be biased or pre-formed or mechani-
cally actuated such that it may articulate from at least a first
position generally parallel to the IVUS probe 130 to at least
a second position angled away from the IVUS probe 130. As
shown, the needle guide 510 is intrinsic to the IVUS probe
130. FIG. 9a illustrates the distal portion 520 of the needle
guide 510 in the “down” position. In this position, the needle
guide 510 may be advanced through the vasculature. In
some embodiments, a catheter or sheath may also be
employed. In these implementations, the IVUS probe 130
and needle guide 510 may be advanced through the catheter
or sheath to a desired location.

As shown in FIG. 95, the needle guide 510 is configured
to be moved to the “up” position, providing an angle towards
the desired puncture site and/or in a direction away from the
IVUS probe 130. In this way, a flexible needle 160 may be
advanced through the needle guide 510 and can exit at
substantially the same angle as the distal portion 520 of the
needle guide 510. The flexible needle 160 may include a
distal portion 150 that is pre-curved such that the angle of
the puncture may be determined by both the angle of the
distal portion 520 of the needle guide 210 and the curvature
of the distal portion 150 of the needle 160. In certain
embodiments, the angle of the guide is adjusted so that
punctures could be made at different angles depending on
what is desired for the procedure. As shown in FIGS. 10a
and 105, a needle guide 610 having a distal “pop-up” portion
620 may also be used as an attachment to the exterior of an
IVUS probe 130. Further, as shown in FIG. 105, in some
embodiments, more than one needle 160 may pass through
the needle guide 510. A straight or pre-curved needle can be
used in a similar fashion as described for FIG. 94 above.

In some embodiments, the needle guide may have a distal
potion that is configured to articulate away from the IVUS
probe. In this way, the precise angle of the needle guide with
respect to the IVUS probe may be more accurately con-
trolled. For example, the operator could articulate the needle
guide more or less in order to set the precise angle at which
the needle will be positioned. Then, the needle may be
advanced at the desired angle with respect to the ultrasound
probe. In some embodiments, the distal portion of the needle
is configured to articulate away from the IVUS probe. In
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some embodiments, the needle may be mechanically actu-
ated. As described below, in some embodiments, the needle
guide and needle are shaped such that the needle is pre-
vented from rotating within the guide.

With reference now to FIGS. 1la and 1154, in some
embodiments, the needle guides may be shaped to prevent
rotation of the needle relative to the TVUS probe. For
example, the needle guide may comprise a lumen having a
cross-sectional “pie” shape (or similar shape). The needle
may then be shaped so as to pass through the “pie” shaped
(or similar shaped) needle guide. That is to say, the needle
guide and needle are shaped such that the needle cannot
rotate within the guide. This configuration helps ensure that
the deflecting needle deflects in the desired direction when
exiting the needle guide. In other words, the shaped needle
guide is further configured to guide a needle 1n plane with an
IVUS array. Such a shaped needle guide may be internal 710
to the IVUS probe 700 as shown in FIG. 114 or external 755
to the probe 750 as shown in FIG. 115. In some embodi-
ments, the needle guide 710 has a tubular geometry to
accommodate a needle with a circular cross-sectional shape.
In certain embodiments, the needle 160 has a width that is
greater than a width of the needle guide so as to inhibit
rotation relative to the IVUS probe 130.

One or more structures may be used to stabilize the IVUS
probe and needle guide at a selected location. For example,
the structures may include stents, balloons, wires and/or
other mechanisms to stabilize the probe in a desired location.
In FIG. 12, a balloon 810 is used to stabilize the IVUS probe
having an intrinsic needle guide 100. The balloon 810 may
be advanced through the vasculature in a deflated state and
then inflated once the particular device is positioned as
desired. The balloon(s) 810 may attach to the IVUS probe
130 and/or other support structure. In some embodiments,
the IVUS probe 130 includes one or more lumens through
which the balloon 810 is advanced. One or more balloons
810 or other stabilization structures may be used. In some
embodiments, the balloon 810 attaches directly or indirectly
to the outside of the IVUS probe 130 or other support
structure or sheath. In some embodiments, the balloon(s)
attach to the outside of the IVUS probe 130 or other support
structure or sheath so that the balloon(s) advance in unison
with the TVUS probe 130 or other support structure or
sheath. The balloon(s) may inhibit the device from moving,
rotating, and/or deflecting from the desired location. In this
way, the needle 160 may be more easily guided to its desired
target. As shown in FIG. 12, the balloon 810 is proximal to
both the exit port 110 and the IVUS array 120.

In FIG. 13, two balloons 810 are used to stabilize the
IVUS probe having an intrinsic needle guide 100. As shown,
one balloon 810 is located proximal to the ultrasound array
120 and proximal to the exit port 110. The other balloon 810
is located distal to the ultrasound array 120. Similar balloon
stabilization systems may be implemented with the IVUS
probe 200 which has an extrinsic guide 210 as shown in
FIGS. 14-15.

As shown in FIGS. 16-17, an attachment support structure
600 or guide sheath may be used in connection with the
needle guide and IVUS probe. The balloons 810 may be
coupled to the support structure 600. In some embodiments,
the support structure 600 is advanced over an IVUS probe
having a needle guide. In other embodiments, an IVUS
probe having a needle guide is advanced into the support
structure.

FIG. 16 illustrates the use of a support structure 600 with
device 100 from FIG. 1 and described above. FIG. 17
illustrates the use of a support structure 600 with device 200
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from FIG. 4. The support structure 600 may include one or
more lumens extending therethrough (not shown). The
lumens may be used to advance inflated balloons to desired
locations and/or used to inflate balloons previously attached
to the support structure and/or to deliver fluid. In some
embodiments, balloons are wrapped around the external
circumference of an TVUS probe such that, when inflated,
the balloons occupy the space in between the probe and the
vessel walls. In such an embodiment, the balloons may also
be configured to substantially stop blood flow. The support
structure 600 may include an opening 606 in the distal
portion of the support structure 600 configured to expose the
ultrasound array 120 and the exit port 110.

Turning to FIGS. 18-19, the support structure 600, 660 or
guide sheath may include a needle guide 605, 610. The
needle guide may be a needle guide 605 that is intrinsic to
the support structure as shown in FIG. 18 or a needle guide
610 that is extrinsic attachment as shown in FIG. 19.

Turning now to FIGS. 20a and 205, another embodiment
of an IVUS device 900 with a needle guide is illustrated.
FIG. 205 is a cross-section of FIG. 20a taken about the line
b-b. As shown, the device 900 includes at least two lumens
extending therethrough. The first lumen comprises a central
lumen having a relative stiff guidewire 901 extending there-
through. In this way, the device 900 may be advanced over
the guidewire 901, through the vasculature, and delivered to
the place of interest. The guidewire 901 may be configured
to help stabilize the position of the device 900 within the
vasculature. As described above, a relatively large amount of
force may be required to advance a needle from the device
900 out of the vasculature and into and through the sur-
rounding tissues/organs. Thus, the guidewire 901 may help
secure the device 900 within the relative center of the vessel.
In addition, the guidewire 901 may help provide additional
leverage and act to hold the device in place while the needle
pushes through the surrounding tissues and/or organs. Such
a guidewire 901 and/or guidewire lumen may be employed
with any of the embodiments described herein. In addition,
one or more balloons may also be employed to further secure
the device 900 in place and to further assist with the accurate
insertion of the needle.

Continuing with FIGS. 20a and 2056 the device also
includes at least a second lumen having a flexible needle 902
extending therethrough. The second lumen includes an exit
port 910 positioned proximal to the ultrasound emitter/
detector array 120. In the illustrated embodiment, the flex-
ible needle 902 is configured such that it assumes a shape
that bends away from the device 900 as the needle 902 is
advanced out of the exit port 910. In this way, the device 900
is configured such that the needle 902 is advanced into the
area that can be accurately visualized by the ultrasound array
120. A distal portion 908 of the needle 902 may be advanced
out of the IVC, through the caudate lobe, and into a portal
vein. In other words, as shown in FIGS. 20a and 204, a
portion of the needle 902 is located within the IVC, a portion
of needle 902 is located within the caudate lobe, and a
portion is located within the portal vein. A guidewire may be
advanced through the needle 902. The needle 902 may then
be withdrawn leaving the guidewire in place. An angioplasty
balloon and/or a stent may be passed over the guidewire to
complete the DIPS procedure. In some embodiments, the
angioplasty balloon is first advanced over the guidewire
followed by the stent.

Moving on to FIG. 21, a cross-sectional view of a needle
guide sheath 2100 according to another embodiment is
shown. The needle guide sheath 2100 (“NGS”) may include
a central lumen 2101 and a needle guide channel 2103. In
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summary, the NGS 2100 includes a needle guide that is
incorporated into a sheath 2117. The NGS 2100 is config-
ured to accommodate an TVUS probe 130. The NGS 2100
may be about 12-17 French (“F”). The IVUS probe 130 may
lock into the NGS 2100 such that the ultrasound array is held
in roughly the same plane as the needle guide. A pre-curved
flexible needle may be straightened and advanced through
needle guide. The needle can reassume its curve once its
distal end exits the distal end of the needle guide. The needle
may be used to puncturing the portal vein. Any suitable
gauge needle may be used. For example, an 18 gauge, a 19
gauge, or a 21 gauge flexible needle may be used. The needle
and the needle guide may have a non-round shape to keep
needle from rotating in the needle guide so as to ensure that
the needle is prohibited from rotating out of the visualization
plane of the IVUS probe. In other words, the needle may
have a cross section of the needle may have an asymmetrical
shape. The needle guide and/needle may have a cross-
section shape that is asymmetric with respect to lateral or
longitudinal direction. The NGS may also optionally include
one or more balloons that can be inflated to stabilize the
system within the IVC prior to a puncture procedure. The
IVUS probe and or the NGS may or may not be designed to
be advanced over a stiff guide wire to further stabilize the
system.

As illustrated in FIG. 21, a flexible needle 2107 having an
internal guidewire 2109 may be positioned within the needle
guide channel 2103. The flexible needle 2107 and needle
guide channel 2103 may be shaped and dimensioned such
that the flexible needle 2107 cannot rotate within the needle
guide channel 2103. For example, as shown in FIG. 21, the
flexible needle 2107 has a roughly “pie-shaped” cross-
sectional area. The needle guide channel 2103 also includes
aroughly “pie-shaped” cross-sectional area that opens to the
central lumen 2101 via a roughly rectangular cross-sectional
passage 2108. In some embodiments, the needle and the
needle guide may be shaped such that a cross section of is
asymmetrical shaped. By shaping the guide channel 2103 in
this way, the flexible needle 2107 cannot rotate within the
guide channel 2103. Furthermore, because the width of the
rectangular cross-sectional passage 2108 that connects the
needle guide channel 2103 to the central lumen 2101 is less
than the width of the flexible needle 2107, the flexible needle
2107 cannot enter the central lumen 2101. The flexible
needle 2107 is too large to pass through the rectangular
cross-sectional passage 2108. That is to say, the flexible
needle 2107 is confined to traveling in a proximal or distal
direction within the needle guide channel 2103.

As shown in FIG. 22, the flexible needle 2107 may be
withdrawn such that only the internal guidewire 2109
remains. The internal guidewire 2109 and needle guide
channel 2103 may be shaped and dimensioned such that the
internal guidewire 2109 may pass out of the needle guide
channel 2103 and into the central lumen 2101 through the
passage 2108. In other words, the internal guidewire 2109
may be dimensioned such that its thickness is less than the
minimum width of the passage 2108 that joins the needle
guide channel 2103 with the central lumen 2101. In this way,
when the flexible needle 2107 is withdrawn over the internal
guidewire 2109, the relative size of the internal guidewire
2109 allows the guidewire 2109 to pass from the needle
guide channel 2103, through the passage 2108, and into the
central lumen 2101. Other catheters, needles, or equipment
may then be inserted over the guidewire 2109 and through
the central lumen 2101. The guidewire 2109 may be any
suitable dimension. For example, in some embodiments the
guidewire 2109 has a thickness between 0.018-0.035 inches.
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FIGS. 23-29 illustrate an example implementation of the
NGS 2100 and related components. As shown, in FIGS. 23a
and 235, the NGS 2100 may be positioned within the TVC.
The NGS 2100 may be guided to desired portion of the IVC
by advancing the NGS over a guidewire (not shown).
Accordingly, the NGS may include may include an intro-
ducer with a guidewire lumen that allows the NGS to be
advanced over the guidewire into the appropriate position
(not shown). An IVUS catheter may then be inserted through
the central lumen 2101 of the NGS 2100. In some embodi-
ments, the TVUS catheter is delivered to the portion of the
IVC first and then the NGS 2100 is inserted over the IVUS
catheter. The TVUS catheter may include a guidewire lumen
(not shown) and be inserted over a guidewire. The NGS
2100 may then be inserted over the IVUS catheter. In some
embodiments, the sheath and the IVUS are coupled together
and/or are inserted at substantially the same time.

As discussed above. the guidewire may serve as a stabi-
lization means for the [VUS catheter and/or the NGS 2100.
As shown in FIG. 234, a balloon 810 may be inflated to
secure the IVUS catheter and the NGS 2100 in place and to
further stabilize the system. A flexible needle 2107 having
lumen 2177 extending therethrough is then inserted through
the needle guide channel 2103. When the flexible needle
2107 passes out of the exit port 910, the flexible needle 2107
bends away from the IVUS catheter and the NGS 2100 and
into the visualization area of the IVUS catheter. As shown,
the flexible needle 2107 passes out of the IVC, through the
caudate lobe, and into the portal vein. In other embodiments,
a guidewire is advanced through the lumen 2177. Thus in
some embodiments, the needle and the guidewire may be
advanced through the puncture site at substantially the same
time.

FIG. 24a similar to FIG. 23a except that a guidewire has
been advanced through the lumen of the needle into the
portal vein. FIG. 245 is a cross-sectional view illustrating
the positioning of the flexible needle 2107 having an internal
guidewire 2109. As shown, the flexible needle 2107 and
internal guidewire 2109 are positioned within the needle
guide channel 2103. The needle 2107 and internal guidewire
2109 then deflect at an angle away from the NGS 2100 and
the IVUS catheter.

Moving on to FIGS. 25a and 255, after the flexible needle
2107 is properly positioned as determined by ultrasound
imaging and the guidewire 2109 has been advanced through
the flexible needle 2107 into the portal vein, the flexible
needle 2107 may be withdrawn, leaving the internal guide-
wire 2109 in position. For example, the proximal end of the
needle may be pulled out of the needle guide over the
internal guidewire 2109. As shown in FIGS. 254 and 255,
the internal guidewire 2109 passes out of the IVC, through
the caudate lobe, and into the PV.

Turning to FIGS. 26a and 265, the IVUS catheter may be
removed from the NGS. With the IVUS catheter removed,
the guidewire 2109 may pass out of the needle guide channel
2103, through the passage 2108, and into the central lumen
2101.

With reference to FIGS. 27a and 27b, a working sheath
2120 may be advanced over the guidewire 2109 and through
the central lumen 2101 of the NGS 2100. By advancing the
working sheath 2120 over the guidewire 2109, the guidewire
may be pulled out of the needle guide channel 2103 and into
the central lumen 2101 of the NGS 2100. As shown in FIG.
27a, the working sheath 2120 may be advanced such that it
exits the NGS 2100. In some embodiments, the working
sheath 2120 may be may of a pliable material such that is
may stretch in the radial direction. The working sheath 2120
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may be about 10-15 F. The NGS 2100 may be kept in place
to provide extra support for the remainder of the procedure.
The support balloon may be re-inflated if extra support is
needed (e.g. for advancing an angioplasty balloon across the
tract for dilation). The remaining steps may be carried out as
desired by one skilled in the art.

FIGS. 28a and 285 illustrate a simplified illustration of a
collapsed balloon 2125 that may be advanced over the
guidewire 2109. Various dilators and/or stiffening cannulas
and the like may be used to aid the placement of the balloon
in position. FIGS. 29a and 295 illustrate a simplified illus-
tration of the inflated balloon, establishing a fluid pathway
between the TVC and the PV. A shunt or covered stent may
be advanced over the balloon.

Moving now to FIG. 30, a flow diagram illustrating and
example method 2920 for performing a DIPS procedure is
shown. While the steps in this flow diagram and other flow
diagrams in the disclosure are illustrated in a particular
order, the various steps are only arranged in this order as an
example and are not meant to be limited to the specific order
or hierarchy presented. In addition, all of the steps may not
be necessary. Moreover, the methods disclosed herein use
may include additional steps that are not explicitly illus-
trated by flow diagrams. As shown in FIG. 30, the method
can begin at block 2900 by inserting a sheath into a patient’s
vasculature through an insertion point. The sheath may
include a needle guide. The method can continue at block
2903 by advancing an imaging device though the sheath.
The imaging device may comprise a digital camera and/or
an ultrasonic imaging probe. The method can continue at
block 2905 by advancing a flexible needle through the
sheath. The flexible needle may include an internal lumen.
A guidewire may be advanced through the lumen. The
method can continue at block 2907 by imaging the desired
puncture site and at least a portion of the needle. The method
can continue at block 2909 by advancing the needle through
the puncture site. The puncture site may be a vessel wall. In
some embodiments, the needle punctures through the wall of
the intrahepatic segment of the IVC into the intrahepatic
portion of the portal vein. The puncture may pass through
the caudate lobe of the liver.

The method can continue at block 2911 by advancing a
wire through the needle. The wire may provide a tract from
the IVC to the intrahepatic portion of the portal vein. The
method can continue at block 2913 by withdrawing the
needle and the imaging device from the sheath. The method
can continue at block 2915 by advancing a working sheath
through the guide sheath and over the wire. The tract may be
dilated by advancing a dilator over the wire. In some
embodiments, an angioplasty balloon is advanced over the
wire to dilate the tract. The method can end at block 2917 by
advancing a covered stent over the wire and through the
working sheath for deployment. Fluoroscopic guidance may
be used. The covered stent may be inflated to form a shunt
for blood to flow from the PV to the IVC. The shunt may
lower pressure in the portal venous system, and thus may
also stop and/or prevent variceal bleeding and/or stop or
decrease the development of ascites or hepatic hydrothorax.

FIGS. 31-39 illustrate an example implementation of
another embodiment of a NGS 3100 and related compo-
nents. In summary, this embodiment of the NGS 3100
includes a needle guide channel 3103 with an articulating
distal portion 3105. As shown, the articulating needle guide
channel 3103 is part of the NGS 3100. However, a needle
guide channel having an articulating distal portion may be
part of the IVUS probe itself. That is to say, a sheath is not
required in all embodiments. Rather, in some embodiments,
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a unitary TVUS probe having an intrinsic or extrinsic needle
guide may be employed. Furthermore, while the needle
guide channel 3103 with an articulating distal portion 3105
is shown as being on the interior of the sheath, the needle
guide channel 3103 with an articulating distal portion 3105
may be positioned on the exterior of the sheath or partially
on the interior of the sheath and partially on the exterior of
the sheath.

Similar to the embodiment discussed above, the NGS
3100 includes at least a central lumen 2100 configured to
receive an TVUS catheter. Any suitable TVUS catheter may
be employed. The NGS 3100 also includes a needle guide
channel 3103 that opens into the lumen 2100 via passage-
way 2108. As shown in, for example, FIG. 315, the flexible
needle 3107 may be advanced through the needle guide
channel 3103. The flexible needle 3107 may include a
guidewire 2109 extending therethrough. In some embodi-
ments, the guidewire is advanced through the needle only
after the puncture is made with the needle. Unlike the
embodiment described above, the needle guide channel
3103 includes a roughly circular shaped cross-section that
can house a needle having a circular cross-sectional shape as
well. That is to say, the needle 3107 may rotate within the
needle guide channel 3103. Of course, a differently shaped
needle guide and/or needle may be used. For example, the
needle guide shape and needle shape shown in FIG. 21 may
be used with the embodiment shown in FIGS. 31-39.

The needle guide channel 3103 of NGS 3100 includes a
distal portion 3105 that is configured to articulate away from
the center of the needle guide sheath. The amount of
articulation may be controlled by the operator. In other
embodiments, the distal portion 3105 includes just two
positions: straight and articulated. The passage 2108 con-
necting the needle guide channel 3103 and the central lumen
2100 may be sized such that the needle 3107 may not pass
from the needle guide channel 3103 into the central lumen
2100. For example, the width of the passage may be less
than the cross-sectional width of the needle. In this way, the
needle is confined within the needle guide channel 3103 in
the transverse direction.

FIG. 32a illustrates the distal portion of the needle guide
channel 3103 in an articulated state. The distal portion 3105
of the needle guide channel 3103 may be articulated to any
angle between 0-90° with respect to the surface of the NGS.
In some embodiments, the angle is about 45° with respect to
a surface of the NGS. In this way, as the needle is advanced
out of the needle guide, it moves into the line of sight of the
IVUS catheter. Thus, accurate visualization of the needle
guide may be accomplished.

Moving on to FIGS. 33a and 335, as shown, after the
distal portion of the needle guide channel 3103 is articulated,
the needle 3107 may be advanced out of the needle guide
channel 3103 and into a puncture site of interest. In some
embodiments, the needle 3107 is used to gather and remove
tissue for a biopsy sample. As shown in the illustrated
figures, and in the context of a DIPS procedure, the needle
3107 is advanced out of the IVC, through the caudate lobe
of the liver, and into the portal vein.

FIGS. 34a and 345 illustrate that after the position of the
needle is verified using ultrasonic visualization, the guide-
wire 2109 may be advanced through the needle 3107 and
further into the portal vein. The position of the guidewire
2109 may be further verified using ultrasonic visualization.

Turning to FIGS. 35« and 356, after the guidewire is
verified to be in the desired position, the needle 3107 may
be withdrawn 2109 over the wire 2109 and out of the NGS
3100. Accordingly, the guidewire forms a tract from the IVC
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to the PV which can be used to create a shunt between the
two veins. As shown in FIGS. 36a and 365, after the
guidewire is in the correct position, the TVUS probe may be
withdrawn from the NGS 3100. As shown, because the
cross-sectional width of the guidewire is less than the width
of the passage 2108, the guidewire may be moved from the
needle guide channel 2103 and into the lumen 2100.

Moving on to FIGS. 374 and 37b, a working sheath 2120
may be advanced over the guidewire 2109 and through the
NGS 3100. Advancing the working sheath 2120 over the
guidewire 2109 and through the NGS 3100 further strips the
guidewire 2109 out of the needle guide channel 2103,
through the passage 2108, and into the central lumen 2100.

With reference to FIGS. 38a and 384, the distal portion
3105 of the needle guide channel 3103 may be moved into
the relaxed or unarticulated position. The working sheath
3120 may also be advanced out of the NGS 3100 and/or the
NGS may be slightly withdrawn such that at least a portion
of the working sheath 2120 extends outside of the NGS
3100. A shown in FIGS. 394 and 395, a collapsible, covered
stent 2125, angioplasty balloon, or similar device may be
advanced over the guidewire 2109. The collapsible, covered
stent 2125 may be inflated providing a shunt between the PV
and the IVC.

Moving now to FIG. 40, a flow diagram illustrating and
example method 4020 for performing a DIPS procedure is
shown. The method may begin at block 4001 by inserting a
sheath having a needle guide into a patient’s vasculature
through an insertion point. The insertion point may be the
patient’s jugular vein. The guide sheath may be advanced to
the desired location within the patient’s vasculature. In some
embodiments, the guide sheath is advanced over a guide-
wire. The method may continue at block 4003 by advancing
an imaging device through the guide sheath. In some
embodiments, the imaging device comprises an ultrasonic
probe configured to be connected to an ultrasonic imaging
device. The method may continue at block 4005 by articu-
lating at least a distal portion of the needle guide and
advancing a needle having an internal wire through the
needle guide while imaging a puncture site and at least a
portion of the needle. While imaging the needle and the
puncture site, the method may continue at block 4007 by
advancing the needle and internal wire through the puncture
site. After the needle is in the desired position, the method
can continue at block 4009 by removing the needle over the
wire and by removing the imaging device through the
sheath. The method may end at block 4011 by advancing a
working sheath though the guide sheath and over the guide-
wire. Advancing the working sheath may remove the guide-
wire from the needle guide channel.

Moving on to FIGS. 41-46, an IVUS device 4100 having
a detachable needle guide assembly is shown. As shown in
FIG. 415, according to one embodiment, the device 4100
comprises an IVUS catheter having a needle guide 4103
passing therethrough. The needle guide 4102 may comprise
a lumen extending through at least a portion of the device.
In other embodiments, the needle guide may be coupled to
the external surface of an IVUS device 4100. The needle
guide 4103 includes an articulating distal portion 4105
similar to the embodiments described above. As shown in
FIGS. 41a and 415, the IVUS device 4100 may be advance
through a sheath 4105. The sheath 4105 may have been
advanced over a guidewire. In some embodiments, the IVUS
device 4100 is configured to be advance over a guidewire to
a position of interest. The guidewire may be used to secure
the IVUS device 4100 and/or sheath 4105 within the center
of a vessel. Moreover, as described above, the guidewire
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may help stabilize the device and hold the device in place
while a needle is advanced out of the vessel. Continuing
with FIGS. 41a and 415, a flexible needle 3107 having an
internal guidewire 2109 may be advanced through the
needle guide 4103.

As shown in FIGS. 424 and 4256, when the device 4100 is
placed in the desired position, the distal portion 4105 of the
needle guide 4103 may be articulated away from the center
of the IVUS device such that the distal portion 4105 is
positioned at an angle away from the exterior surface of the
device 4100. In this way, when the angle at which the needle
exits the device may be more accurately controlled. More-
over the articulating distal portion is configured to ensure
that the needle is advanced within the field of view of the
IVUS. Although not shown, one or more balloons may be
deployed from the IVUS device and/or the sheath to further
stabilize the IVUS device and/or the sheath within the
vessel.

Turning to FIGS. 43a and 435, the needle 3107 having an
internal guidewire 2109 may be advanced out of the vessel
and into the place of interest. In some embodiments, the
needle is advanced without the internal guidewire in place.
In the case of this illustrated DIPS procedure, the needle
3107 and internal guidewire 2109 are advanced out of the
IVC, through the caudate lobe, and into the portal vein. This
entire procedure may be visualized using the IVUS device
4100. After the needle 3107 position is verified, the guide-
wire 2109 may be further advanced through the needle 3107
and into the PV as shown in FIGS. 44a and 445. The needle
3107 may then be removed from the needle guide 4103
leaving the guidewire 2109 in place as shown in FIGS. 45a
and 455. In some embodiments, the DIPS procedure may
continue by working within the needle guide 4103. For
example, a dilator and/or collapsed balloon shunt may be
passed over the wire and within the needle guide 4103 to
complete the shunt procedure.

Removing the IVUS device may facilitate ease of work-
ing through the needle guide 4103 for the remainder of the
procedure. For example, the walls of the needle guide may
be made of a pliable material such that when the IVUS is
removed, the needle guide can expand when larger diameter
objects are passed through the needle guide 4103. Alterna-
tively, the needle guide 4103 may be withdrawn, leaving the
guidewire 2109 within the sheath 4105 alone and further
procedures may be conducted over the guidewire 2109.
Accordingly, as shown in FIGS. 46a and 46b, the needle
guide 4103 may be configured to separate from the IVUS
device 4100. For example, the IVUS device 4100 may be
configured to slide with respect to the needle guide 4103
such that the IVUS is essentially withdrawn over or away
from the needle guide 4103. A similar device 4120 according
to another embodiment is shown in FIG. 474 and FIG. 475.
This embodiment may aid in separating and withdrawing the
IVUS probe from the needle guide 4103. As show in FIG.
47a, the IVUS probe has at least a distal portion that has a
diameter that is less than the diameter of the remainder of the
IVUS probe. In other embodiments, a device similar to the
embodiment shown in FIGS. 5-6 may be used. For example,
the needle guide 210 in FIGS. 5-6 may be configured to
separate from the IVUS device 130. Such devices may be
used to perform any of the methods described herein.

FIG. 48, illustrates a flow diagram illustrating and
example method 4700 of performing a medical procedure.
The method may begin at block 4701 by inserting an IVUS
device and a needle guide into a patient’s vasculature
through an insertion point. When the IVUS and needle guide
are in the desired position, the method can continue at block
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4703 by articulating a distal portion of the needle guide
away from the IVUS. The method can continue at block
4705 by advancing a needle and a wire through the needle
guide. The method can continue at block 4707 by advancing
the needle and the wire through a puncture site while
imaging the puncture site. The wire may be advanced after
the needle is advanced through the puncture site. The
method can continue at block 4709 by further advancing the
wire and by withdrawing the needle. The needle can be
withdrawn over the wire. The method may end at block 4711
by removing the IVUS device. The needle guide may
remain. In some embodiments, the method may include the
step of detaching and/or removing the TVUS from the needle
guide.

It is to be understood that the needle for any and all
previous described embodiments or portions thereof may be
advanced in an automated manner. For example, the needles
may be advanced using with an adjustable length throw
device configured to provide the force to advance the needle
at precise increments of length. Such devices may be useful
to assist puncturing form tissues and/or organs (e.g., a
cirrhotic liver).

Of course, it is to be understood that not necessarily all
objects or advantages may be achieved in accordance with
any particular embodiment of the invention. Thus, for
example, those skilled in the art will recognize that the
invention may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages
as taught herein without necessarily achieving other objects
or advantages as may be taught or suggested herein.

Moreover, the skilled artisan will recognize the inter-
changeability of various features from different embodi-
ments. In other words, the features of the devices disclosed
in the various embodiments can be switched between
embodiments. For example, certain features of the embodi-
ments shown in FIGS. 7-10 may be used be used in
connection with or instead of certain features shown in
FIGS. 9-29, 31-39, and/or 41-47. Other combinations of the
various aspects of the disclosed embodiments are possible as
well. In addition to the variations described herein, other
known equivalents for each feature can be mixed and
matched by one of ordinary skill in this art to construct
systems and techniques to ensure that a needle is directed
into the plane of an IVUS array in accordance with prin-
ciples of the present invention.

Although this invention has been disclosed in the context
of certain embodiments and examples, it will be understood
by those skilled in the art that the present invention extends
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beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the invention and
obvious modifications and equivalents thereof. Thus, it is
intended that the scope of the present invention herein
disclosed should not be limited by the particular disclosed
embodiments described above.

Furthermore, although the foregoing has been described
in some detail by way of illustrations and examples for
purposes of clarity and understanding, it is apparent to those
skilled in the art that certain changes and modifications may
be practiced. Therefore, the description and examples should
not be construed as limiting the scope of the invention to the
specific embodiments and examples described herein, but
rather to also cover all modification and alternatives coming
with the true scope and spirit of the invention.

What is claimed is:

1. A unitary probe for performing an intravascular medi-
cal procedure, the unitary probe comprising:

a body having a proximal end, a distal end, an ultrasonic
array, and a needle guide, the ultrasonic array being
fixed in the body and having a visualization area
radiating outwardly from a side of the body, the needle
guide being fixed in the body and prevented from both
rotating or translating relative to the probe, the needle
guide having a lumen extending therethrough, the
lumen having a proximal opening and a distal opening,
the lumen of the needle guide being sized and shaped
so that a flexible needle having a pre-curved shape
passing through the lumen is straightened by the lumen
and then reassumes its pre-curved shape when exiting
the distal opening while maintaining an in-plane rela-
tionship with the visualization area of the ultrasonic
array,

wherein the needle guide further comprises a distal por-
tion, the distal portion being configured to selectively
articulate from a first position that is generally parallel
to the probe and to a second position that is angled
away from the probe.

2. The unitary probe of claim 1, wherein at least a portion
of the lumen of the needle guide has a non-round shape so
that the needle is inhibited from rotation within the needle
guide.

3. The unitary probe of claim 1, wherein the ultrasonic
array is positioned at the distal end of the body.
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