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Cirrhosis affects 4.5 million people in the United States.1

Sequela of cirrhosis and portal hypertension include varices,
which occur in up to 60 to 80% of cirrhotic patients and pose a
bleeding riskof 25 to 35%2; refractory ascites,which occurs in
5 to 10% of patients3; recurrent hepatic hydrothorax, which
occurs in 5 to 10% of cirrhotic patients4; and hepatic enceph-
alopathy, which occurs in up to 45% of patients with cirrho-
sis.5 Transjugular intrahepatic portosystemic shunt (TIPS)
creation results in portal venous decompression and reduces
mortality and morbidity associated with these portal hyper-
tensive sequelae. There is a clear survival benefit with TIPS
creation in patients at risk of variceal hemorrhage, including
those who fail endoscopic banding, who are at high risk of
pharmacologic or endoscopic treatment failure,6 and who
undergo early TIPS creation for secondary prophylaxis
against bleeding.7,8 For those with refractory ascites and
hepatic hydrothorax, resolution of fluid accumulation can be
expected in 85%9 and 82%, respectively.10

First developed by Josef Rosch in 1969, TIPS has under-
gone multiple iterations that have improved the technical
and clinical success rates, including incorporation of the bare
metal stent and introduction of the Viatorr (GORE, Flagstaff,
AZ) stent graft.11 Despite such improvements, traditional
fluoroscopic-guided TIPS still has limitations. Most notable
are the operator’s dependence on a two-dimensional (2D)
understanding of the relationship between hepatic veins
(HVs) and portal veins (PVs) as visualized by wedged hepatic
venography, and the lackof real-time PV visualization during
PV puncture. This fluoroscopic technique potentiates risks
associatedwithmultiple errant punctures, including hepatic
artery pseudoaneurysm and thrombosis, biliary injury, and
transcapsular perforation. Although rare, wedge venography
also carries the risk of capsular rupture, which can lead to
fatal bleeding and the need for additional interventions.8

Multiple modifications have been explored to address this
specific issue of PV access, including transhepatic or trans-
splenic access with placement of a marker wire and use of
transabdominal ultrasound guidance.12 Because all these
techniques have their own risks and shortcomings, their
attempts to address the remaining challenges with fluoro-
scopic TIPS have led to the innovative use of intravascular
ultrasound (IVUS). IVUS guidance during TIPS creation
allows direct, real-time visualization of PV puncture. Addi-
tionally, it facilitates accurate determination of stent size and
precise stent deployment. Finally, IVUS aids in more chal-
lenging cases, such as in the setting of challenging venous
anatomy (accessory right HV or small PV branches), liver
masses, Budd-Chiari, and PV thrombosis.13,14

The application of IVUS was first reported in 1967 for
intracardiac imaging. The original IVUS probe was a 5.5-Fr,
over-the-wire catheter with a high frequency (20MHz),
which was a rotational transducer that provided high-reso-
lution 360-degree cross-sectional images of the coronary
arteries.15 Subsequently, a lower frequency, phased array
intracardiac echocardiography (ICE) catheter was developed
to provide high resolution, real-time visualization of cardiac
structures during guidance of percutaneous cardiac inter-
ventions and electrophysiology procedures. The creation of
this side firing catheter opened the door for use in TIPS.
When positioned in the IVC at the level of caudate lobe, the
ICE catheter generates high-resolution 90-degree longitudi-
nal sector images of the hepatic parenchyma, bile ducts,
arteries, and veins, thus allowing real-time visualization of
the entire needle trajectory as it traverses the hepatic
parenchyma from HV to PV. This review aims to provide
an evidence-based overview of the benefits of IVUS
guidance during TIPS, to highlight the rotational IVUS atlas
through correlation with computed tomographic (CT) and
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fluoroscopic anatomy, and to provide a case-based tutorial
on the techniques and benefits of IVUS guidance.

Current Intracardiac Echocardiography
Catheters and Consoles

Currently, there are five side firing IVUS catheters available
for use on the market. Abbott Vascular offers the ViewFlex
Xtra ICE Catheter, which is compatible with the ViewMate Z
and ViewMate II ultrasound consoles. Philips ICE catheters
can also be used with the Philips CX50 xMatrix ultrasound
system. GE Healthcare also offers portable ultrasound sys-
tems with ICE imaging capability on its Vivid S70N v204,
Vivid iq 4D v204, and Vivid iq Premium v204 ultrasound
systems. However, GE does not make its own ICE imaging
catheters. The GE systems are compatible with the Biosense
Webster CartoSound ICE Module. Siemens AcuNav ICE cath-
eter (Siemens Healthineers) is compatible with the Acuson
Siemens console. Cross-compatibility of the probes with the
consoles is proprietary.

ICE Catheter Access and Basic Rotational
Anatomy

It is initially disorienting to interpret IVUS images during
TIPS, so an understanding of basic rotational anatomy is
paramount to procedural success. The first factor affecting
image orientation is the selection of venous access site for ICE
catheter placement. At the author’s institution, tandem right
(or left) internal jugular venous access is obtained cephalad
to the TIPS access. The 8-Fr ICE catheter passes easily through
a 9-Fr 35 cm Bright-Tip sheath (Cordis, Hialeah, FL). The ICE
catheter is not an over-the-wire catheter, so positioning the 9
Fr sheath tip in the IVCwill allow for easy advancement of the
catheter through the right atrium into the intrahepatic IVC.
Tandem internal jugular access allows for a single operator to
perform the procedure from the usual position at the
patient’s head, simultaneously maneuvering the TIPS needle
and the IVUS probe. Alternatively, the right or left femoral
vein can also be used for ICE catheter insertion. This access
requires two operators, one at the head and one at the
femoral vein/groin access site.16,17

Next, adjustments to the frequency, depth, and focal zone
of the probe should be optimized for visualization of portal
and HVs, which will be visualized sequentially with rota-
tional movement of the ICE catheter. It is important to
recognize that rotational anatomy is reversed when access
is changed from the jugular and femoral veins. For the
remainder of this review, the implied access site will be
the right internal jugular vein. For further orientation, the
pericaval deep liver is in the near field while the superficial
liver is in the far field. Cephalad liver (segments II, IVa, VII,
and VIII) is seen on screen left while caudal liver (segments
III, IVb, V, VI) is seen on screen right. Cranial-caudal orienta-
tion will also reverse when access site is changed. It is worth
noting that this orientation can be flipped by reversing the
right-to-left orientation of the projected image on the imag-
ing console.

Once the ICE catheter is positioned in the intrahepatic IVC,
the probe should be rotated in either direction until the aorta
is identified. This will be the starting point for future probe
rotations and is a good reference to return to if one becomes
disoriented. Rotating in a counterclockwise manner, starting
once the aorta is identified, the right posterior hepatic seg-
ments will be the first to come into view. Continuing in a
counterclockwise rotation, the first relevant structure to be
visualized will be the right HV, seen in long axis (►Fig. 1a).
Next, the transverse anterior and posterior branch right PVs
come into view in the far and near fields, respectively
(►Fig. 1b). Note the relationship between right hepatic
and right PV, as the right HV (long) and posterior branch
right PV (transverse) are often seen in the same ultrasound
plane. Continue rotating counterclockwise, and the middle
HV in long axis is seen. This often coincides with the
bifurcation of anterior and posterior branches of the right
PV to form the right PV (►Fig. 1c). Rotate counterclockwise to
visualize the left PV as it divides and heads cephalad while
the main PV dives caudally (►Fig. 1d). Compared with right
and middle HVs, the left HV can be challenging to locate, but
when cannulated with a wire and catheter, the bright
reflectors from the wire make it readily apparent. Finally,
by advancing the catheter caudally, the PVs will become
more easily visualized and withdrawing the catheter crani-
ally will allow visualization of the HVs and their confluence
with the IVC. In the authors’ experience, positioning the
ultrasound catheter within the sheath does not detract
significantly from imaging quality of the hepatic vasculature,
allowing for easy advancement and retraction of the probe
within the sheath without risk of probe buckling in the right
atrium or renal veins.

Selection of Hepatic and Portal Vein Shunt
Pathways

During rotational anatomical surveillance of the hepatic and
PVs, it is important to note the relationships between the
potential creation sites. Important considerations include
length of the parenchymal tract between HV and target PV,
the ability to visualize both HV and target PV in the same
ultrasound plane, and the access angle required to puncture
the target PV. For the third, if the target PV is too deep (in the
very near field) or too superficial (in the very far field), the
likelihood of successful puncture is reduced. Common shunt
pathways will be described in the following paragraphs.
However, it is worth emphasizing that IVUS allows for
greater flexibility and predictability in selecting shunt path-
ways, and is particularly beneficial with variant, distorted, or
complex anatomy.17

Right Hepatic Vein to Posterior Right Portal Vein TIPS
Creation
As previously described, the right HV in its long axis is often
seen in the same plane with the posterior branch right PV in
transverse axis, making an easy trajectory for a right hepatic
to posterior branch right portal venous TIPS creation
(►Fig. 2). If the posterior branch right PV is not too deep,
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Fig. 1 Transaxial CT images have been flipped in right-to-left orientation to simulate the positioning of the patient on the angiography table,
with the IVUS probe positioned in the IVC, as represented by the turquoise line. The shaded yellow trapezoid represents the ultrasound plane
visualized by the probe in each image as it is rotated sequentially in a counterclockwise fashion. (a)The first significant anatomical landmark, the
right hepatic vein, is visualized (yellow arrows). With further counterclockwise rotation, (b) reveals the anterior (orange arrow) and posterior
(blue arrow) branches of the right portal vein. As counterclockwise rotation continues, (c) shows the middle hepatic vein (green arrow), which is
often seen in the same plane as the right portal vein (magenta arrow). Finally, (d) reveals the left portal vein (white arrows).
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it is an easy target for puncture, as the needle can be
visualized throughout the entire pass without the need for
any rotational adjustment of the ICE catheter. Under tradi-
tional fluoroscopic guidance, access of the posterior branch
right PV poses a challenge because the wire naturally selects
the peripheral PV, and therefore requires redirection cen-
trally with an angled or reverse curve catheter. Such a
maneuver requires a tenuous exchange of the TIPS needle
for the catheter, and blind withdrawal of both wire and
catheter near the site of PVentry for central redirection, both
of which risk loss of PVaccess.With the presence of IVUS, the
catheter and wire can be visualized within the posterior
branch right PV in real time, thus ensuring that PV access is
not sacrificed during central redirection of the catheter and
wire into the main PV (►Fig. 3).

Right Hepatic Vein to Proper Right Portal Vein TIPS
Creation
Conventional TIPS creation from right HV to right PV allows
for easy wire advancement into the main PV, and a less
acute angle between HV and PV, making deployment of the
stent graft relatively straightforward. When using IVUS
guidance, the right HV and right PV are not commonly
visualized in the same plane. Just as the TIPS needle
requires counterclockwise rotation to access the right PV,
the ICE catheter must also be rotated in a counterclockwise
rotation during the pass to maintain needle visualization
during access (►Fig. 4).

Middle Hepatic Vein to Right and Left Portal Vein TIPS
Creation
Like a right hepatic to posterior branch right PV pathway, the
middle HV in long axis is often visualized in the same plane as
the target right (and sometimes left) PV in transverse axis
(►Fig. 1c). Thus, a middle HV to right (or left) PV shunt
pathway is often the technically easiest option with IVUS
guidance.18 Sometimes, the most technically challenging as-
pect of this shunt pathway is the catheterization of themiddle
HV. Under fluoroscopic guidance alone, particularly when
cirrhoticmorphologyandpresenceof ascites alters thenormal
course of right and middle HVs, selection and differentiation
between these two veins can pose a challenge. However, with
the use of ICE catheter, which can be withdrawn cephalad to
the level of the hepatic venous confluence, and themiddle HV
can be identified by using the fluoroscopic position of the ICE
catheterasa landmark for referencewhenselecting themiddle
HV. Additionally, catheterization of themiddle HV (or anyHV)
can be confirmed in real-time by the visualization of the
echogenic catheter andwire or perturbations related to saline
injection within the target HV (►Fig. 5).

Additional ICE Catheter Techniques
and Advantages for TIPS Creation

Confirmation of Portal Vein Access
During traditional fluoroscopic TIPS creation, confirmation
of puncture of the target PV is dependent on aspiration of

Fig. 2 Contrast-enhanced CTwas obtained prior toTIPS placement, and representative transaxial (a) and coronal (b) images are shown. Magenta
and green dotted lines on sagittal CT image (b) indicate the level of the transaxial CT images with the matching border color. The yellow-shaded
trapezoid represents the plane of the IVUS ultrasound obtained in the same patient at the time of TIPS placement. IVUS images at the time of
TIPS placement (c) reveal the catheter positioned in the right hepatic vein (yellow arrows). The target portal vein is the posterior branch right
portal vein (blue arrows). Note that the right hepatic vein and posterior branch right portal vein are in the same IVUS plane. This allows for real-
time visualization of the entire needle trajectory in a single plane without rotation of the IVUS probe. Subsequent IVUS image (d) reveals the tip
of the Colapinto needle (Cook Medical, Bloomington, IN) within the posterior branch right portal vein. Contrast injection under fluoroscopy (e)
confirms intravascular location of the needle in the posterior branch right portal vein.
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blood and confirmatory injection of contrast. However,
when using a hollow bore needle such as the Colapinto
needle (Cook Medical, Bloomington, IN) tissue may
occlude the needle and prevent aspiration. Injection of
contrast without the ability to aspirate risks extravascular
injection of contrast, and obscuration of future needle
punctures. With the aid of IVUS, the tip can be visualized
in the target PV in real-time without the need for aspira-
tion or infusion. Upon seeing the needle tip within the PV,
the operator can confidently infuse saline and observe
perturbations within the PV (►Fig. 6) or may simply
advance the wire under IVUS guidance to confirm success-
ful PV puncture. A note of caution is to avoid injection of
air, as it will obscure sonographic visualization. Finally, in
patients with severe periportal fibrosis, it is the author’s
experience that the larger hollow bore Colapinto needle
(Cook Medical) often deflects away from, or will not
readily pass through, fibrotic tissue into the PV. In these
cases, consider using the smaller Rosch-Uchida needle
(Cook Medical) or even a 21-G Chiba needle through the
guiding cannula, both of which are also readily visible with
IVUS.

Stent Graft Length Measurement and Assessment of
Stent Position
One of the most important steps in TIPS creation is appro-
priately sizing the length of the stent graft. A stent that is too
short risks early TIPS malfunction due to turbulent flow and
stenosis at the hepatic venous end.19 A stent that is too long
may extend into the right atrium and risks complicating
future transplant surgery.20 Reliance on a 2D fluoroscopic
imagewith only the aid of a digital subtractionvenogramand
marking pigtail catheter leaves a significant level of uncer-
tainty regarding stent graft sizing. On the other hand, IVUS
allows for precise assessment of both the point of puncture
into the PV and the location of the confluence of the relevant
HV and IVC. The former is the site at which the O-ring of the
stent graft should be positioned, and the latter is the site at
which the trailing end of the stent graft should terminate.
The distance between these two points thus determines the
appropriate covered length of the stent graft, and this length
can accurately be determined with the IVUS catheter. With a
marking pigtail in the usual position across the parenchymal
tract, the IVUS catheter is positioned such that the PV
puncture site is directly in the middle of the IVUS image.

Fig. 3 Fluoroscopic image after accessing the posterior branch right portal vein from the right hepatic vein (a) demonstrates the tip of a 4-Fr
glide catheter (Terumo, Somerset, NJ) just in the portal vein (yellow arrow). The corresponding IVUS image (b) demonstrates clear visualization
of the catheter within the posterior branch right portal vein (yellow arrow). Real-time visualization of the catheter within the portal vein allows
for more confident retraction and manipulation of the catheter and wire as they are redirected from the peripheral posterior branch right portal
vein (c), centrally toward the main portal vein (d), and then advanced into the splenic vein (e). Such a maneuver without the assistance of IVUS
risks loss of portal venous access.
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Taking a last imageholdwith the ICE catheter at this position
and drawing a perpendicular line from the middle of the
probe, the intersection of this line with the pigtail catheter
marks the location of the PV puncture site, and thus the ideal
location of the O-ring (►Fig. 7a). Next, the ICE catheter is
withdrawn to the level of the confluence of the relevant HV
and IVC, and a last image hold is again obtained. Using the
same method, a perpendicular line is drawn from the center
of the ICE probe to the pigtail catheter, and this point of
intersectionmarks the ideal location of the trailing end of the
stent graft (►Fig. 7b). The distance between these two points
will determine the length of the covered portion of the stent
(►Fig. 7c). The Viatorr stent (GORE) can then be deployed
under direct visualization with IVUS at the uncovered por-
tion within the PV ensuring appropriate alignment of the O-
ring of the stent at the puncture site. If the stent graft is
correctly sized, it will notmatter if the O-ring is deployed too
far into the PV. IVUS allows for real-time visualization of the
uncovered portion of the stent as it is pulled back toward the
parenchymal tract, ensuring that the O-ring is positioned

Fig. 4 Transaxial CT images have been flipped in right-to-left orientation to simulate the positioning of the patient on the angiography table,
with the IVUS probe positioned in the IVC, as represented by the turquoise line. The shaded yellow trapezoid represents the beginning and
ending of ultrasound planes visualized by the probe as it is rotated sequentially in a counterclockwise fashion. The initial IVUS image (a)
demonstrates the starting position of the Colapinto needle (white arrow) in the right hepatic vein (yellow arrows). Note that the posterior right
portal vein (turquoise arrow) is in the same plane as the right hepatic vein. To puncture the right portal vein from the right hepatic vein, the
needle must be torqued in a counterclockwise manner, resulting in a needle trajectory that is out of plane with respect to the IVUS. Therefore,
the IVUS probe must also be rotated in a counterclockwise fashion to allow visualization of the needle tip (white arrow) as it is advanced along its
trajectory (b), until the target right portal vein (magenta arrow) is visualized and the Colapinto needle (white arrow) punctures the target vein
(c).

Fig. 5 IVUS image in the plane of the right hepatic vein demonstrates
an echogenic 0.035″ Amplatz Super Stiff wire (Boston Scientific,
Marlborough, MA) within the right hepatic vein.
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Fig. 6 IVUS confirms the needle tip (yellow arrows) is positioned within the target portal vein. Injection of contrast demonstrates perturbations
within the portal vein under real-time ultrasound visualization and opacification of the portal vein under simultaneous fluoroscopic visualization.

Fig. 7 Concomitant fluoroscopic and IVUS images were obtained during measurement of the TIPS stent length. (a) The probe is positioned such
that the point of portal venous access is centered on ultrasound (yellow arrow), and the marking pigtail (Merit Medical, Jordan, UT)
corresponding to this access site can be extrapolated from the fluoroscopic position of the ultrasound probe (yellow arrow). (b) The IVUS probe is
pulled back to center the hepatic venous confluence (green arrows) and marking pigtail corresponding to the hepatic venous confluence (green
arrow) is extrapolated. (c) The distance between the hepatic venous marker (green arrow) and portal venous marker (yellow arrow) determines
the length of the covered portion of the Viatorr stent graft (GORE, Flagstaff, AZ). In this case, the distance was 6 cm.
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correctly at the precise location of PV puncture prior to
deploying the covered portion of the stent (►Fig. 8). This
prevents the uncovered portion of the stent graft from being
pulled too far into the parenchymal tract, which could lead to
stent thrombosis frombile leakageofexposedbileducts. It also
ensures that the covered portion of the stent will not extend
into the PV, risking occlusion of more distal PV branches.

Selection of a Safe Trajectory for TIPS Stent Graft
Deployment
In addition to identifying an appropriate PV target for TIPS
creation, IVUS offers the additional benefit of identifying
potential pitfalls during TIPS creation. In patients with liver
masses or large cysts, a safe shunt pathwaycanbeselected that
avoids transgression and associated complications. Although
rare, transgression of the hepatic artery, which is closely
associated with the PV, can lead to fatal hemorrhage, liver
infarct, and fulminant liver failure. Under IVUS guidance, the
hepatic artery can usually be visualized and avoided (►Fig. 9).

Benefits of ICE TIPS

IVUS guidance during TIPS not only offers the potential to
minimize procedure-related complications, it reduces radi-

ation exposure, procedural time, and contrast utiliza-
tion.18,21,22 Kao et al reported a significant reduction in
both procedural time (86 vs. 125minute; p<0.01) and

Fig. 8 Under real-time IVUS visualization, the uncovered portion of the stent is unsheathed in the portal vein beyond the PV puncture site (a) and
is retracted toward the parenchymal tract (yellow arrow). Ultrasound visualization of the stent as it is retracted toward the tract (b) facilitates
precise positioning of the O-ring, which should be seated at the location of PV puncture (magenta arrows). Accurate positioning of the O-ring
ensures that upon complete deployment of the stent (c), the trailing edge of the stent will terminate at the confluence of the hepatic vein and
IVC (green arrows). Fluoroscopic image from the same patient (d) demonstrates final TIPS position.

Fig. 9 IVUS image demonstrates the target right portal vein (yellow
arrow). The right hepatic artery (magenta arrow) is visualized along
the expected trajectory of the TIPS needle. Given the risk of arterial
injury, a different shunt pathway was selected.
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median fluoroscopy time (19 vs. 34minute; p<0.01) with
the use of IVUS.21 Similar results were described by Gipson
et al.18 Multiple studies demonstrate a significant reduction
in radiation exposure with IVUS,22 the largest of which is
reported by Kao et al (174 vs. 981mGy; p<0.01).21 Radiation
reduction can be attributed to omission of wedge hepatic
venography and decrease in number of needle passes. Addi-
tionally, use IVUS probe for stent sizing further decreases
radiation dose and contrast volume compared with fluoro-
scopic TIPS. The former requires only a last image hold, while
the latter requires a digital subtraction angiogramwith dual
injection of contrast via a catheter positioned in the PV and
sheath positioned in the HV. The contrast volume reduction
can particularly help patients with impaired renal function.
These studies support the idea that IVUS guidance facilitates
successful TIPS creation in patients with challenging anato-
my, improves safety, and reduces procedural metrics such as
radiation dose, contrast volume, procedural time, and PV
access time. IVUS-guided TIPS creation was successful in
cases inwhich conventional TIPS creation had failed because
of PV thrombosis or distorted anatomy.23

Conclusion

IVUS is a safe and effective adjunct toTIPS creation and offers
many advantages over traditional fluoroscopic TIPS includ-
ing fewer needle passes, decreased fluoroscopy times, pro-
cedure times, and contrast volumes. As it can be disorienting
when beginning to utilize IVUS, it is essential to become
familiar with the basic rotational anatomy, and to under-
stand the anatomic relationships and landmarks for success-
ful IVUS-guided TIPS creation. Once this skill has been
mastered, IVUS can make challenging TIPS cases more
straightforward due to the ability to visualize the needle
with respect to each patient’s unique hepatic anatomy.
Inspection of all potential shunt pathways in real-time
increases the likelihood for successful and efficient shunt
creation, particularly when a less traditional shunt pathway
is required. Finally, IVUS facilitates a safe needle trajectory in
patientswith livermasses and cystswho otherwisewould be
unable to undergo traditional fluoroscopic TIPS placement.
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