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LEARNING OBJECTIVES

= To present a review on TIPS (Transjugular Intrahepalic Portosystemic Shunt):
indications, contraindications, technique and complications.

= To describe and explain the pre and post-procedure imaging evaluation using
mainly Doppler ultrasound and the signs for direct and indirect evidence of
TIPS failure,

= To discuss the technique, focusing on tips and tricks.

2. Background

Background
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BACKGROUND

= TIPS is a percutaneous imaging-guided procedure in which a channel is
constructed within the liver with the intent of reducing portal pressure by
diverting blood from the portal to the systemic circulation.

= The parenchymal tract created between the portal vein and hepatic veins is

reinforced with placement of a stent graift.

* This procedure is used to treat severe complications of portal hypertension
such as refractory ascites and variceal bleeding and can act as a bridge to
liver transplantation.




3. Imaging Findings/Procedure Details

Imaging Findings
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) - Normal Findings

1. PORTAL VEIN - Supplies 70% of incoming blood to the lver (relatively desoxygenated
blood but rich in nuinients from the stomach, intestine, spleen and pancreas)

Formed by the confluence of the splenic and superior

mesanteric 5
Accompanied b‘f the tic artery and common bile
duct to form the portal triad.

The main portal vein (MPV) anters the liver at the
porta hapatis and divides inlo the right and left portal
Vains.

The MPY diameter does not exceed 13mm in quiet
ion 1n| asured at the site where the portal
VC). Should be normally seen an
) ..ed in this diameter, with deep inspiration.
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) — Normal Findings

2. HEPATIC ARTERY — Supplies 30% of incoming blood to the liver {oxygenated blood)

The common hapalic artery onginates in the majority of patients from the celiac artery.
After the origin of the gastroduodenal artery it is called the proper hepatic artery.

It enters the liver alongside and anterior to the portal vein, where is divides into left and right
hepatic arteries.

There are numerous varants of hepatic artery anatonmy.
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) — Normal Findings

3. HEPATIC VEINS — hepalic venous

drainage into inferior vena cava (IVC)

They converge into [VC approximalely 1cm
below its confluence with the right atriurm.

In most people the right, middle and left
hepatic veins enter the IVC in a “crows fool”
configuration (transverse plane).

30% of individuals have additional hepalic
Weins.

The walls of the hepatic veins are relativaly
hypoechoic, which helps to differentiate
themn from the portal veins in the more
achogenic portal tnads.
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)} — Normal Findings

The right hepatic vein (RHV) is the largest of hepatic veins and courses batwean the anterior
and posterior sagments of the right lobe and drains into the right postero-lateral aspect of the
WG,

The middle hepatic vein (MHV) courses along the major lobar fissure and drains the anterior
right lobe segments (V, VIll) and segment V. In B5% of people the MHV forms a common
trunk with the left hepatic vein (LHV), which then drains into the left antero-lateral aspect of the
WC.

The LHV is the smallest of the hepatic veins and drains the lateral segments of the left lobe (11
@ lll) and segment [Va.

The venous drainage from the central portion of the liver (including caudate lobe) eampties
directly into the IVIC (and cannot be perceived by color Doppler).
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Antegrade flow (toward the transducer), therefore
with a waveform that is above the basaline.

Hepatopetal flow (lowards the liver) throughout
the entire cardiac cycla.

Partal flow velocity varies with cardiac activity
and respiration, giving the portal waveform an
undulating appearance.

Mean flow velocity relatively low (but >16em/s)

all Dopplar racing of portal wein Sow. Hepalopatal portal
in fic th & undulaling apesamncs and & maesn velccrty =
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Piangeat
iy )

PATIC ARTERY

Direction of flow: antegrade, which
comesponds to a wavelorm above the

basedine.

Low-resistance: resistive index (RI)
betwean 0,55 and 0.7,

During systole, the velocity is
approximately 30-60 cm/sec; while during
diastols it normally slows down to 10-15
cmfsec (which is usually less than the
valocity of the portal vein).

The sysiolic acceleration ime is brisk,
typically less than 0,07s.
Spactral Dopplar tracing of bepatic ans
rewumbtance poofi the Fpalic arery
reumtance index of 087
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)} — Normal Findings

3. HEPATIC VEINS

The normnal hepatic vein waveform is triphasic as a result of transmitted cardiac activity
(waveform pattern similar to that of jugular vein).

Tha majority of blood flow is antegrade (away from the liver and toward the heart), thus, it will
also ba away from the transducer and displayed below the baseline.

The maximal retrograde hepatic venous flow - the a wave — comesponds to the auricular
contraction.

During ultrasocund examinations the sonographer ask sometimes do the patient to do a forced
inspiration — in this siluation, with increased intrathoracic pressure, the s and d-waves become
mare proeminant, while the a and v-waves are less pronounced and may actually not manifest
as reversed flow.
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Color Doppler of the Bver. Mormal comvergence of the
hipatic vweing

Speciral Doppler tracing of hepatic vein fiow. Mormal
waniHionT of T apalc wein with a iephasic profile (W™
appearance).
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Portal hypertension accompanies cirthosis of the liver in over 0% of the cases.

Cirrhosis disrupts the normal hepatic sinuscidal pattemn, impairing venous drainage and leading
to increase in portal vein pressure.

Portal hypertension is the increased in porto-systemic pressure gradient in any portion of the
portal venous system.

yressure) and subtracting the free hepatic venous pressure (systemic

pressure) thus obtaining the hepatic venous pressure gradient (HVPG).

MNormal: HVPG = 2-5mmHg.
Sub-clinically Portal Hypertension: HVPG > 6mmHg

Clinically significant Portal Hypertension: HVPG > 10-12 mmHg (predicts clinical course in
patients with cirhosis including development of varices, variceal hemorrhage and
encephalopathy, decompensation or death after liver resection, and hepatocellular carcinomal.
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Two important factors - vascular resistance and blood flow - exist in the development of

portal hypertension:

¥Where P = pressure gradient through the portal wenous sysiem; F = wiume of blood Nowing through the portal venous

system; R=r ance 1o the flow,

Changes in either F or R affect the pressure. In most types of portal hypertension, both the

bleod flow and the resistance are altered.
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PREHEPATIC Portal or sphanic vain thrombosis or axdrinsic comprassion
{Burrra)
Splanchnic ameriovenous fistula
Schistosomiasis
Primary biliary cinhosis
Presinusoddal Idiopathic portal hypertension
Granulomatous diseases
Myeloproliferatres diseases
Polycy

INCREASED

ﬂEleFI%':EE 1 HEFATIC WWitson disease: Hemochromabosis)

Acule and fulminant hepatits:
Schistosomiasis, Primary biiany
cirrhosis and Idopathi: portal
hyparbansion in advanced stages
Pediosis hepatitis
Budd-Chian syndroms
Sclerosing cholangitis

Posteinusoldal | Veno-oocushee disease

Budd-Chian Syndrome and thrombesis of the IVC, Cardiac
disease (right sided haart failure, constictive pericarditis
and sevars ticuspid regurgitation). Trauma

POSTHERATIC

INCREASED Amerioportal shunts / fistulas {congenital, traumatic, labrogenic, fumor)

Increased portal blood Sow
Incrased sphenic fow

VASCULAR FLOW
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In patients with advanced cimhosis the liver is small with
relative enlargement of caudate lobe and left lobe relathvely
o the right lobe (in early stages of cirrhosis the liver is
enlarged or could appear absolutely nommal).

Liver echogenicity and texture:
E(:hﬂgﬂnl(:i[]" could be increased in cirhotc livers with fat
infiltration.

Irreguiar borders and nodukar surface (In relation 1o the
presence of regenerating nodules and fibrosis).
proved 1o ke a

Exclude the presence of definable nodules (dysplastic
nodules — porial vanaus supply v&. HCC - artarial hapatic ‘ :’::,:_H,.,:_‘:_,,_,
VENOUS SUpply). :
xclude the presence of multiple cysts (polycystic liver
56 precludes the TIPS technigque)
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In cirrhosis, most of the normal liver architecture is replaced by distorted vascular
channels that provide increased resistance to portal venous blood flow and obstruction fo

hepatic venous outflow.

Bortal vein:

B maods US abows
dilstation of tha partal
wain (A) and normal
portsl wain dismater [B)

ol wmnces

Diameter: g
aler tha devslopmaent

Although the caliber of the portal vein initially
may be increased (>13mm) in PH, with the
development of porio-systemic shunts, tha
portal vein caliber will decreased.

Evaluaie the response to respiratory
maneeuvers: if the diameter of pomal vein does
not Increase at least 20% from quiet respiration
to deep inspiration the patient has probably
PH.
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Permeabllity, flow direction and velocity:

In severe cirhosis portal venous flow may become continuous (without undulating appearance) or
pulsatile due to anaiovenous shunting

Portal flow velocity decreases (< 16cm/s) (A

Flow may become to and fro (bidireccional) or hepatofugal (retrograde) (B and C). As with slow fow,
this finding Is diagnostic for porial hypertension from whalever cause,

A narmow portal vein and a prominent hepatic anerny are commonly associated findings whan flow is
hepatofugal in the main portal vein.
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Absent (aphasic) portal venous flow may be due to stagnant flow (portal hypertension)
of occlusive disease, usually caused by bland or malignant thrombosis.

In the setting of subacute/chronic acclusive portal vein thrombosis could be development of collateral
vassels in or around the occluded portal vein (cavemaus transformation of partal vain),

AL Absani Now in The
postal vein (RFV) thal is
maricadlly dilabed due bo
mabignant partal vein
thrombosis

{B) Spactral Dopplar of

fhe “thrombus” show an
prigrial wavesonm in a
hapatofugal dirsction.

A mormal partal vein could not be visualised. Instead
Uishie 5 @ phitscues of Sl vessels - anecholt SEmIginous
structuras {amrow). After portal vein thrombosis this web
of small vessels reconstitutes portal fow to the liver and
i knonwn as cavemamatous transformation of the partal
ven,
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

{. Hepatic Arery:

In patients with PH and decreased portal fiow velocity,
the hepatic arery appears enlarged with increased flow
to compensate for the diminished portal vedn fow.

In patients with cifrhosis the resistive index in the hepatic
antery Is elevated (>0,7); with development of portal
hypertengion and anamovenous/arnenoportal Shunts the
Rl decreases (<0,55).

These velns became compressed and narrowed In
clrrhotic: patients ).

With PH they loss the classic pulsatility and tum into a
biphasic or monophasic wavelom ().
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Access splean greatest dimension - in the satting of PH
thena could ba mild io moderate splenomegaly (=13cm).

Reversed flow in the splenic vain (lowards the splaan).
Indirect sign of splanogastric or splenaorenal collaterals,

and thus FH.
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Porto-systemic venous collaterals — shunting of blood from the portal to the systemic
circulation.

: courses batween the spleen and the greater
curvature of the stomach.

Left gastric varlces (coronary varlces): curses from the splenic or
portal velns to the lesser curvature of the stomach. Dilatation of the
coronary vein (=7mm) is associated with severe PH (HVPG =
10mmiHg).

These veins communicate with systemic esophageal veins and are
known as gastrogsophageal varices.

Baraumbililcal veins: originates from the left portal vein and runs
inferiorty throwgh the falciform ligament iowands

abdaminal wall whare il connects with the systemic apigasinic veins
ar with the subcutaneous veins originating the capul medusas.

= : Courses Detween the splenic
hilum and the left renal vein.
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Crder Duopphie vmage thaw @ recanabned Saraurmbi:
ol Sl Calrh blood iowdrdh the ushilico. 3

T spdewn. Tangls of are paan ak tha
ol ), T g 10 s gasdnic:
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Percutaneous imaging-guided method in which a channel is constructed within the liver with
the intent of reducing portal pressure by diverting blood from the portal to the systemic
circulation.

Intrinsically functions as a side-to-side porta-caval shunt, designed to function as a partial
shunt that preserves a portion of portal flow to the liver,

Reduce portal hypertension in patients with complications related to portal hyperiension,
such as refractory ascites and refractory variceal bleeding.
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Refractory ascites (th
Secondary prevention of varice

al bleading
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Patients with a Child-Pugh score of =12 are in
high risk of post-procedural death.

MELD scores of >15-18 or a bilirrubin level of
>3.5mg/dl have poor prognosis and TIPS
should only be performed in the absence of any
other treatment possibilities.
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Unproved portal hypertension

Primary prevention of variceal bleeding
Congestive heart failure

Polycystic liver disease

Uncontrolled systemic infection or sepsis
Unrelieved billary obstruction

Severe pulmonary hypertension

Severe tricuspid regurgitation
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Jugular access (night internal jugular vein) — Seldinger
technique

A catheter is placed and guided through the superior
vena cava, right atrium and inferior vena cava into a
hepatic vein. (Because of large size and consistant and
predictable relation to the portal veins, the right hepatic vein is the
prefemred hepatic veln branch for the creation of a TIPS shunt).

Selective catheterization of a suitable branch of the RHY
(Pressure measurements are preformed at this point, including

caniral venous pressures, ail the level of night atrium and IVC and
free and wedged hapatic venous prassuras).

A needle inserted through the catheter is then used to
puncture the liver from a central portion of the hepatic vein
and enter the main portal branch (usually the right portal
vein).

The puncture could be navigated with ulrasound.
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Dilatation of the needle tract by a balloon catheter —
amblishing of a conneclion batwaen the p«":l’l&1 and BAELBMeC
circulation directly inside the Iiver parenchyma.

Insertion of a TIPS stent graft

The final step of the TIPS procedure is placement of a pigtail catheter over the portal vein

guide wire for follow up portography and pressure measurements.
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Suprahapatic flabography

Transhépalic porogram shows colateral droulation = ket gasinc vein varoes

Advance of reedle imlo
the portal veln
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Tract diatation using a 10mm TIPS made with cove bbwaieain Portal vanogram obilained afler TIPS

zatheber. The peortad and middia hep - Insertion shows thy gh Cov
slanl. Paripheral portal vein b
intrapansnchymal part of the tract no kanger opacified becaus
fow
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Complications Frequency (%)

lusion | Stenos
- Thromisosis

- Chranic
Transcapsular punciure
Stent migration or non-optimal placement
Hemaolysis
Sapsis
Hemobilia
Intrapearitoneal bleading
Hepatic infarciion

Fistulae and andolipsitis rare

‘with bare metal slents, the loss of pri = e year follow-up. In this era

with use of expanded pohyledrn ro-gthylene (BPTFE}- covened sient-graft, the patency has rnprovied and

OCOUS
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Technical success = decreased of the HVPG to < 12mmHg or a reduction of at least 209

Clinical success = cessation of variceal bleeding, decrease of ascites, and conversion into
diuretic-sensitive ascites, as well as improvement of liver function.

The significance of TIPS dysfunction is that it can lead to recurment portal hypertension and put
patients at risk for reaccumulation of ascites or further variceal bleeding.

Stenosis or occlusion ( reduced caliber >50% ) of the TIPS endograft may lead to loss of
decomprassion of portal venous pressure. it can occur aither by the result of thrombosis or
intimal hyperplasia.

An increased in HVPG > 12mmHg or a recurrence of the complication may indicate dysfunction
af the TIFS.

Thrombosis is an early complication but was more often seen (10-15% of patients) when bare
metal stents ware used.

With the developrment of coverad stents the requency of TIPS dysfunclion has been reduced
and some controdled trials revealed primary patency rates of the coverad stent > 80%.
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i ;1 week after the procedure

Mote: In the first 45-72 hours after TIFS placement there ane trapped air microbubbles Detweean the layers
of encapsulated PTFE hindering the evaluation of TIPS and making it impermeable to insonation with
Ul rasound.

Anocther approach is to simply wait for symptoms of portal hypertension o recur. We discourage
this approach, specially for patients with a history of variceal bleeding, because the first symptom
suggesting a problem with the TIPS might be a fatal hemorrhage.

loGe " o Dopnle ; ; : 1 week after the procedure (or before patient
discharge) and then at 1-3 months, 6 and 12 months after TIPS creation and every 6-12 months
thereafter.
Wheanever clinical status justifies, we made evaluations at other time intervals to check patency of
the TIPS.
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Despite reports of variable success rates, ultrasound has remained an integral part of

TIPS surveillance because it is non-invasive, inexpensive, and widely available.

Assessment and study of the permeability and flow direction in;

Portal vein and its branches

Hepatic veins and any hepatic vein segment between the cephalic portion of the TIPS
and the IWVC _The hepatic vein with the shunt, usually the right, is checked in both
proximal to and just beyond its junction with the stent.

Inferior vena cava
Splanic vein
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Main portal vein velocity after TIPS is
typically higher than its pre-TIPS value

MPV velocity: > 30cmis

With shunt dysfunction, the fiow in the portal
vain leading up to the TIPS is diminished

and the MPY velocity drops often below Dappler trating ablained at portal wen shows faw
Aemds. : -.:mard: lhu p{:flal vein end ol the TIPS

Flow direction in the portal system is towards Eft portal vein
the portal vain end of the stent: . mmmmal

MPY and splenic vein = hepatopetal flow , ; ::ngﬂw'

i T : lver and
Right and left portal veins = hepatofugal flow R

(towards the inflow of the shunt). If the patient < inflicr of the
has patent paraumbilical vein collaterals, the shumt

flow within the left portal vein will continued to T

ba hapatopetal.
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llow ug

Evaluation of TIPS

Paosition of the stent: the cephalic end of the shunt is most commonly located immediate
to the connection of the right hepatic vein with the IVC, and the caudal end is located in

the right portal vein.
Lumen of TIPS : anechoic lumen without wall thickening

Two cases of baseling examination folowing TIPS placement. Geey-scale image of tha right lobe of tha lver.
Thi TIPS s Sedn cowrsing from the porta hepatis negion 1o the junction of tha right hepalic wein with infarior
wana cava. The mesh les appearance of the shunl is. due to the echo reflection of the individual wire

alements of the stent

slide39.jpg

Follow up Doppler Ultra

Check permeability and flow direction ; the lumen should be completely filed by the
turbulant, periodic flow and the direction of flow should be from the portal vein to the

hepatic vein.

Codor Doppler image of the TIPS, The antire lumen ks
saluraled with color indicating patency. Mob B non-
wniforming of color encoding.
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Measure the fiow velocity, with angle cormection, in proximal, middle and distal portion of the
TIPS.

Thresholds wvelocities that are too high { > 200-250 cmis — jel-effect zone beyond the stenosis)
or too low ( < 50 cm/s) are associated with high specificity and sensitivity for shunt dysfunction.

Normal flow velocity: $0-190 cm/is

Changes in the peak flow velocity + S0cmis within TIPS, in relation with the baseline
examination also suggests TIPS dysfunction and should also prompt shunt venography and
portosystemic pressure measurements.

Velocities can also be variable
through the shunt itself in a normal
situation — usually velocities
increased from the porial venous end
to the hepatic venous end of the
shunl.

Tha flow is also mora turbulent when
mulliple stents components are used
and when overmrinding stents cause a
relative narrowing of the shunt lumen.

Spesciral Doppler of the TIPS show an appropriately huncioning
TIPS
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Shunt malfunction is the result of narmowing or occlusion caused by intimal hyperplasia or
in situ thrombaosis.

Can occur anywhere within the stent but is most commonly in the cephalic portion of the
TIPS or in the hepatic vein between the stent and the IVC.

Absent flow at color Doppler US (you can use Power Doppler and low filters to identify
low flow conditions and differentiate them from true occlusion).

Aphasic spactral waveform.

When flow velocity and direction in the portal veins is the same as it was prior to TIPS
placement.
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Follow up Doppler Ultrasound - Signs of Tl

Continuous waveform of the flow within the stent
Abnormally high (=190 cm/sec) or abnormally low (=90 emisec) velocity within the shunt.

Abnormal change in velocity (increase or decrease >50 cm/sec) compared with the prior
examination.

Abronmally kow welocity within distal end of the TIPS
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Follow up Doppler Ultr

Intrahapatic portal venous flow (right and laft portal veins) thal was hapalofugal on the prior
examination and has changed to hepatopatal flow (in the absance of a recanalized
paraumbilical vein).

Hepatofugal or to-and-fro flow in the main portal vein andfor splenic wein.
Low velocity (<30 cmisec) in the main portal vein.
Development or recurrance of collateral vessals such as a recanalized umbilical vain.

Mew, recurment or worsening ascites.

Iredirect signs of TIPS
dysiuntlion -
hepatofugal fiow in the
main portal vein and
low vdocity
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Post-TIPS ultrasound Doppler evaluation:

« Detecting complications of TIPS procedure:

« Assessment of TIPS function. Evaluation of direct and indirect
signs of TIPS dysfunction:

slide45.jpg

= Currently, vanography and pressure measurements are the standards for determining

shunt dysfunction, but are used only as secondary tests in our institution, because
they are more invasive than ultrasound evaluation with Doppler.

= |f the Doppler ultrasound findings are suggestive of a occlusion / stenosis or if there is
a recurrance of patient symptoms then we performed a venography study and a TIPS
revigion.

4, Conclusion




Conclusion
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CONCLUSION

= TIPS is a technique developed to treat complications of portal hypertension.

= Doppler ultrasound evaluation is an invaluable non-invasive technigue that

permits an early diagnosis of shunt dysfunction.
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LEARNING OBJECTIVES

= To present a review on TIPS (Transjugular Intrahepalic Portosystemic Shunt):
indications, contraindications, technique and complications.

= To describe and explain the pre and post-procedure imaging evaluation using
mainly Doppler ultrasound and the signs for direct and indirect evidence of

TIPS failure.

= To discuss the technique, focusing on tips and tricks.
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BACKGROUND

» TIPS is a percutaneous imaging-guided procedure in which a channel is
constructed within the liver with the intent of reducing portal pressure by

diverting blood from the portal to the systemic circulation.
» The parenchymal tract created between the portal vein and hepatic veins is
reinforced with placement of a stent graft.

* This procedure is used to treat severe complications of portal hypertension
such as refractory ascites and variceal bleeding and can act as a bridge to

liver transplantation.
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D - Normal Findings

1. PORTAL VEIN — Supplies 70% of incoming blood to the lver (relatively desoxygenated
blood but rich in nuirients from the stomach, intestine, spleen and pancreas)

Formed by the confluence of the splenic and superior
mesanteric s.
Accompanied by the hepatic artery and common bile
duct to form the portal triad.

The main portal wein (MPV) enters the liver at the
porta hepatis and divides into the right and left portal
Vains.

The MPY diameter does not exceed 13mm in quiet
respiration (measured at the site where the portal
vein crosses the IVC). Should be normally seen an
increased in this diameter, with deep inspiration.
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) — Normal Findings

2. HEPATIC ARTERY — Supplies 30% of incoming blood to the liver {oxygenated blood)

The common hapalic artery onginates in the majority of patients from the celiac artery.
After the origin of the gastroduodenal artery it is called the proper hepatic artery.

It enters the liver alongside and anterior to the portal vein, where is divides into left and right
hepatic arteries.

There are numerous varants of hepatic artery anatonmy.

slide07.jpg

) — Normal Findings

3. HEPATIC VEINS - hepalic venous
drainage into inferior vena cava (IVC)

They converge into [VC approximatbely 1cm
below itz confluance with the right atriurm.

In most people the right, middle and left
hepatic veins enter the IVC in a “crows fool”
configuration (transvearse plane).

30% of individuals have additional hepatic
veins.

The walls of the hepatic veins are relatively
hyposchoic, which halps to differantiate
them from the porfal veins in the more
achogenic portal triads.
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)} — Normal Findings

The right hepatic vein (RHV) is the largest of hepatic veins and courses batwean the anterior
and posterior sagments of the right lobe and drains into the right postero-lateral aspect of the
WG,

The middle hepatic vein (MHV) courses along the major lobar fissure and drains the anterior
right lobe segments (V, VIll) and segment V. In B5% of people the MHV forms a common
trunk with the left hepatic vein (LHV), which then drains into the left antero-lateral aspect of the
WC.

The LHV is the smallest of the hepatic veins and drains the lateral segments of the left lobe (11
@ lll) and segment [Va.

The venous drainage from the central portion of the liver (including caudate lobe) eampties
directly into the IVIC (and cannot be perceived by color Doppler).

slide09.jpg

Antegrade flow (toward the transducer), therefore
with a waveform that is above the basaline.

Hepatopetal flow (lowards the liver) throughout
the entire cardiac cycla.

Portal flow welocity varies with cardiac activity
and respiration, giving the portal waveform an
undulating appearance.

Mean flow velocity relatively low (but >16cmis)
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Piangeat
iy )

PATIC ARTERY

Direction of flow: antegrade, which
comesponds to a wavelorm above the

basedine.

Low-resistance: resistive index (RI)
betwean 0,55 and 0.7,

During systole, the velocity is
approximately 30-60 cm/sec; while during
diastols it normally slows down to 10-15
cmfsec (which is usually less than the
valocity of the portal vein).

The sysiolic acceleration ime is brisk,
typically less than 0,07s.
Spactral Dopplar tracing of bepatic ans
rewumbtance poofi the Fpalic arery
reumtance index of 087
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- Normal Findings

3. HEPATIC VEINS

The nofmal hapatic vain wavelorm is tiphasic as a result of transmitted cardiac activity
(waveform pattern similar to that of jugular vein).

The majority of blood flow is antegrade (away from the liver and toward the heart), thus, it will
also ba away from the transducer and displayed below the baseline.

The maximal retrograde hepalic venous flow - the & wave — comesponds to the auricular
contraction.

During ultrasound examinations the sonographer ask sometimes do the patient to do a forced
inspiration — in this situation, with i ased intrathoracic pressure, the s and d-waves become
maore proeminent, while the a and avas are ess pronounced and may actually not manifest
as reversed flow.
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Color Doppler of the Bver. Mormal comvergence of the
hipatic vweing

Speciral Doppler tracing of hepatic vein fiow. Mormal
waniHionT of T apalc wein with a iephasic profile (W™
appearance).
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RTAL HYPE

Poral hypertension accompanies cirthosis of the liver in over 90% of the cases.

Cimhosis disrupts the normal hepalic sinusoidal pattern, impairing venous drainage and leading
to increase in portal vein pressure.

Portal hypertension is the increased in porto-systemic pressure gradient in any portion of the
portal venous system.

This gradient is assessed by measuring the wedge hepalic venous pressure (a measure of
ressure) and subtracting the free hepatic venous pressure (systemic
pressure) thus obtaining the hepatic venous pressure gradient (HVPG).

MNormal: HVPG = 2-5mmHg.
Sub-clinically Portal Hypertension: HVPG > 6mmHg

Clinically significant Portal Hypertension: HVPG > 10-12 mmHg (predicts clinical course in
patients with cirrhosis including development of varices, variceal hemorrhage and
encephalopathy, decompensation or death after liver resection, and hepatocellular carcinomal.
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Two important factors - vascular resistance and blood flow - exist in the development of

portal hypertension:

¥Where P = pressure gradient through the portal wenous sysiem; F = wiume of blood Nowing through the portal venous

system; R=r ance 1o the flow,

Changes in either F or R affect the pressure. In most types of portal hypertension, both the

bleod flow and the resistance are altered.
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PREHEPATIC Portal or sphenic vain thrombosis or extrinsic comprassion
{burmarg )
Splanchnic ataiovenous fstula

Sehisinsomiasis
Primary biliary cirrhosis
Presinusoidal Idiopathe portal hypertension
Granuleematous. diseases
Myeloproliferathee diseases
Potycystic disease
Hepatic melastases
INCREASED Clrrhasls of vanous causes (slcoholic
and and related to hepatitis virus B and
ﬂEElEI'l:I.ﬁ.DI':EE L HEFATIC C; Wilson disease; Hemochromatosis)
Acule and fulminant hepalits:
Schistpsomiasis, Primary bdiany
cirrhosis and Idopathi: portal
hypertension in advanced stages
Pediosis hapatitis
Budd-Chean syndroms
Scherasing chotangitis

Postsanusoidal Veno-oooiusive disease

Budd-Chian Syndrome and thrombosis of the IV
disease (right sided haart tailure, constictive pe
POSTHEPATIC and servars ticuspid regurgitation). Trauma

INCREASED Anerioportad shunts | fistulas (conganital, traumalic, latrogenic, fumon)
VASCULAR ELOW Increased porial blood Bow

Increased sphenic fow
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In patients with advanced cimhosis the liver is small with
relative enlargement of caudate lobe and left lobe relathvely
o the right lobe (in early stages of cirrhosis the liver is
enlarged or could appear absolutely nommal).

Liver echogenicity and texture:
E(:hﬂgﬂnl(:i[]" could be increased in cirhotc livers with fat
infiltration.

Irreguiar borders and nodukar surface (In relation 1o the

presence of regenerating nodules and fibrosis).

Exclude the presence of definable nodules (dysplastic proved o ba a
nodulies — portal vanous supply va. HCC - arterial hepatic ‘ e
VEnous supply). ;

xclude the presence of multiple cysts (polycystic liver
56 precludes the TIPS technigque)
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Doppler Ul ound - Cirrh¢ and Portal Hypertension

In cirrhosis, most of the normal liver architecture is replaced by distorted vascular
channels that provide increased resiztance to portal venous blood flow and obstruction to

hepatic venous outflow.

B maods IS abowi
dilatatica ol tha gartal
wan (A and nesrral

Diamatar: e portal vein dametor (B8]

aber the devslopment
ol vacken

Although the calibes of the portal wain initially
may be increased (>13mm) in PH, with the
development of porto-systemic shunis, tha
portal vein caliber will decreased.

Evaluate the response to respiratory
manoauvers: if the diamater of poral vein does
not increase at least 20% from quiet respiration
1o deap inspiration the patient has probably
FH.
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Permeabllity, flow direction and velocity:

In severe cirhosis portal venous flow may become continuous (without undulating appearance) or
pulsatile due to anaiovenous shunting

Portal flow velocity decreases (< 16cm/s) (A

Flow may become to and fro (bidireccional) or hepatofugal (retrograde) (B and C). As with slow fow,
this finding Is diagnostic for porial hypertension from whalever cause,

A narmow portal vein and a prominent hepatic anerny are commonly associated findings whan flow is
hepatofugal in the main portal vein.
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Absent (aphasic) portal venous flow may be due to stagnant fiow (portal hyperension)
of occlusive disease, usually caused by bland or malignant thrombosis.

In the setting of subacute/chronic acclusive portal vein thrombosis could be development of collateral
vessels in or arpund the occluded pontal vein (cavermous transformation of portal vein).

AL Abasnl Mo in the
portal vein (RPV) that is
markadly dilabed due bo
malignant portal vein
thrombosis

{B) Spectral Dopplar of
fhe “thrombus” show an
arigrial wanseionm in @
hapatofugal dirsction.

A normal pontal vein could not be visualised. Instead
thvitrie 5 @ phetscus of Small vessels - anechoic Sempiginous
structuras {arow). After portal vein thrombosis this wab
of small vessels reconstitutes portal fiow to the liver and
i& knenen as cavemamabous iransformation of the poral
vein,
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

{. Hepatic Arery:

In patients with PH and decreased portal fiow velocity,
the hepatic arery appears enlarged with increased flow
to compensate for the diminished portal vedn fow.

In patients with cifrhosis the resistive index in the hepatic
antery Is elevated (>0,7); with development of portal
hypertengion and anamovenous/arnenoportal Shunts the
Rl decreases (<0,55).

These velns became compressed and narrowed In
clrrhotic: patients ).

With PH they loss the classic pulsatility and tum into a
biphasic or monophasic wavelom ().
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Doppler Ultrasound - Cirrhosis and Portal Hypertension

Access splean greatest dimension - in the setting of PH
thena could ba mild to moderate splenomegaly (=13cm).

Reversed flow in the splenic vain (lowards the splaan).
Indirect sign of splenogastric or splenorenal collaterals,

and thus FH.
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Porto-systemic venous collaterals — shunting of blood from the portal to the systemic
circulation.

C varices: courses batwean the spleen and the greater
curvature of the stomach.

Left gastric varlces (coronary varlces): curses from the splenic or
portal velns to the lesser curvature of the stomach. Dilatation of the
coronary vein (=7mm) is associated with severe PH (HVPG =
10mmiHg).

These veins communicate with systemic esophageal veins and are
known as gastrogsophageal varices.

Baraumbililcal veins: originates from the left portal vein and runs
inferiorty throwgh the falciform ligament iowands

abdaminal wall whare il connects with the systemic apigasinic veins
ar with the subcutaneous veins originating the capul medusas.

= : Courses Detween the splenic
hilum and the left renal vein.
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Csber Duprpben wmage ahews @ fedanabzad paraumtse v
weint il it blood ioveands the usbiices. .

U5 pcan of ha spieen. Tanghs of vessss are L3N A& the
onakng 1o shorl gastric

gairic v {E} Alarge .
s tha tatwen th
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Percutaneous imaging-guided method in which a channel is constructed within the liver with
the intent of reducing portal pressure by diverting blood from the portal to the systemic
circulation.

Intrinsically functions as a side-to-side porta-caval shunt, designed to function as a partial
shunt that preserves a portion of portal flow to the liver.

Reduce portal hypertension in patients with complications related to portal hypertension,
such as refractory ascites and refractory variceal bleeding.
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Refractory ascites (th
Secondary prevention of varice

al bleading
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Patients with a Child-Pugh score of =12 are in
high risk of post-procedural death.

MELD scores of >15-18 or a bilirrubin level of
>3.5mg/dl have poor prognosgis and TIPS
should only be performed in the absence of any
other treatment possibilities.
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Unproved portal hypertension

Primary prevention of variceal bleeding
Congestive heart failure

Polycystic liver disease

Uncontrolled systemic infection or sepsis
Unrelieved billary obstruction

Severe pulmonary hypertension

Severe tricuspid regurgitation
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Jugular access (right internal jugular vein) — Seldinger
technique

A catheter is placed and guided through the superior
vena cava, right atrium and inferior vena cava into a
hepatic vein. (Because of large size and consistant and
predictable refation o the portal weins, the right hepatic vedn is the
preferred hepatic vein branch for the creation of a TIPS shunt).

Selective catheterization of a suitable branch of the RHV
(Pressure measurements are preformed at this point, including

central venous pressures, al the level of nght atrium and IVC and
freé and wedged hepatic venous pressunas).

A needle inserted through the catheter is then used to
puncture the liver from a central portion of the hepatic vein
and enter the main portal branch (usually the right portal
Vein).

The puncture could be navigated with ulrasound.
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Dilatation of the needle tract by a balloon catheter —
amblishing of a conneclion batwaen the p«":l’l&1 and BAELBMeC
circulation directly inside the Iiver parenchyma.

Insertion of a TIPS stent graft

The final step of the TIPS procedure is placement of a pigtail catheter over the portal vein

guide wire for follow up portography and pressure measurements.
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Suprahepatic flabography

Transhepalic porogram shows colateral crculation — ket gasinc vein varices

Advanie of reedle mlo
the portal vein
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Tract diatation using a 10mm TIPS made with cove
zatheber. The peortad and middia hep

intrapansnchymal part of the tract

=1 ]

Portal vanogram obilained afler TIPS
Insertion shows thy gh Cov
slanl. Paripheral portal vein b

no kanger opacified becaus

fow
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Complications

sion [ Slenosis
- Thromisosis

= Chronic

Transcapsular punciure

Stent migration or non-optimal placement

Hemolysis

Sapsis

Hemaobilia
Intraparitoneal Dleeding
Hepatic infarction

Fistulae and endodipsitis

Frequency (%)




slide34.jpg

Technical success = decreased of the HVPG to < 12mmHg or a reduction of at least 209

Clinical success = cessation of variceal bleeding, decrease of ascites, and conversion into
diuretic-sensitive ascites, as well as improvement of liver function.

The significance of TIPS dysfunction is that it can lead to recurment portal hypertension and put
patients at risk for reaccumulation of ascites or further variceal bleeding.

Stenosis or occlusion ( reduced caliber >50% ) of the TIPS endograft may lead to loss of
decomprassion of portal venous pressure. it can occur aither by the result of thrombosis or
intimal hyperplasia.

An increased in HVPG > 12mmHg or a recurrence of the complication may indicate dysfunction
af the TIFS.

Thrombosis is an early complication but was more often seen (10-15% of patients) when bare
metal stents ware used.

With the developrment of coverad stents the requency of TIPS dysfunclion has been reduced
and some controdled trials revealed primary patency rates of the coverad stent > 80%.
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ifion : 1 week after the procedure

Hote: In the first 46-72 hours after TIPS placement there ane irapped air microbubbles batween the layers
of ancapsulated PTFE hindering the evaluation of TIPS and making it impermeaable to insanation with
ultrasound.

Another approach is to simply wait for symptoms of portal hypertension to recur. We discourage
this: approach, specially for patients with a history of variceal bleeding, because the first symptom
suggesting a problem with the TIPS might be a fatal hemorrhage.

OGs " i Doppls ; : ¢ 1 week after the procedure (or bafore patient
discharge) and then at 1-3 months, 6 and 12 months after TIPS creation and every 6-12 months
theraafter.

Whenever clinical slatus justifies, we made evaluations at other time intervals to check patency of
the TIPS.
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Despite reports of variable success rates, ultrasound has remained an integral part of

TIPS surveillance because it is non-invasive, inexpensive, and widely available.

Assessment and study of the permeability and flow direction in;

Portal vein and its branches

Hepatic veins and any hepatic vein segment between the cephalic portion of the TIPS
and the IWVC _The hepatic vein with the shunt, usually the right, is checked in both
proximal to and just beyond its junction with the stent.

Inferior vena cava
Splanic vein
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Main portal vein velocity after TIPS is
typically higher than its pre-TIFS value

MPV velocity: > 30cmis

With shunt dysfunction, the flow in the portal
vein leading up to the TIFS is diminished

?nd the MP\ velocity drops often below Doppler racing ablaingd a2 ponal vein shows fiow
30cm's. diraction towards the portal vein end of the TIPS
(hepatopatal) and velscity of dBemis.

Flow direction in the portal system is lowards LA rortal Vel
the portal vein end of the stent: . mmmmmal

MFV and splenic vein = hepatopetal flow % ; ::THI:E'E;:I

Right and left portal veins = hepatofugal flow 'L":’ Z’Tmp

(towards the inflow of the shunt). If the patient - inflr of the
has patent paraumbilical vein collaterals, the shunt

flow within the left portal vein will continued to s

be hepatopetal.
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llow ug

Evaluation of TIPS

Paosition of the stent: the cephalic end of the shunt is most commonly located immediate
to the connection of the right hepatic vein with the IVC, and the caudal end is located in

the right portal vein.
Lumen of TIPS : anechoic lumen without wall thickening

Two cases of baseling examination folowing TIPS placement. Geey-scale image of tha right lobe of tha lver.
Thi TIPS s Sedn cowrsing from the porta hepatis negion 1o the junction of tha right hepalic wein with infarior
wana cava. The mesh les appearance of the shunl is. due to the echo reflection of the individual wire

alements of the stent
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Follow up Doppler Ultrasound

Check permeability and flow direction : the lumen should be completely filed by the
turbulent, periodic flow and the direction of flow should be from the porial vein to the

hepatic vein.

Codor Doppler image of the TIPS, The entire lumen ks
saluraled with color indicating patency. Mode i non-
wniforming of color encoding.
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Measure the fiow velocity, with angle cormection, in proximal, middle and distal portion of the
TIPS.

Thresholds wvelocities that are too high { > 200-250 cmis — jel-effect zone beyond the stenosis)
or too low ( < 50 cm/s) are associated with high specificity and sensitivity for shunt dysfunction.

Normal flow velocity: $0-190 cm/is

Changes in the peak flow velocity + S0cmis within TIPS, in relation with the baseline
examination also suggests TIPS dysfunction and should also prompt shunt venography and
portosystemic pressure measurements.

Velocities can also be variable
through the shunt itself in a normal
situation — usually velocities
increased from the porial venous end
to the hepatic venous end of the
shunl.

Tha flow is also mora turbulent when
mulliple stents components are used
and when overmrinding stents cause a
relative narrowing of the shunt lumen.

Spesciral Doppler of the TIPS show an appropriately huncioning
TIPS
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Shunt malfunction is the result of narrowing or occlusion caused by intimal hyperplasia or
in situ thrombosis.

Can occur anywhere within the stent but is most commonly in the cephalic portion of the
TIPS or in the hepatic vein between the stent and the IVC.

Absent flow at color Doppler US (you can use Power Doppler and low filters to identify
low flow conditions and differentiate them from true occlusion).

Aphasic spectral waveform.

When flow velocity and direction in the portal veins is the same as it was prior to TIPS
placement.
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Follow up Doppler Ultrasound - Signs of Tl

Continuous waveform of the flow within the stent
Abnormally high (=190 cm/sec) or abnormally low (=90 emisec) velocity within the shunt.

Abnormal change in velocity (increase or decrease >50 cm/sec) compared with the prior
examination.

Abronmally kow welocity within distal end of the TIPS

slide43.jpg

Follow up Doppler Ultr

Intrahepatic portal venous flow (right and left portal veins) that was hapatofugal on the prior
examination and has changed to hepatopatal flow (in the absence of a recanalized
paraumbilical vein).

Hepatofugal or to-and-fro flow in the main portal vein andlor splenic vein.

Low velocity (<30 cmfsec) in the main portal vein.

Development or recumrence of collateral vessels such as a recanalized umbilical vein.
Mew, recurrent or worsaning ascites.

Inedirect signs of TIPS
dysiunclion -
hepatofugal fiow in the
main portal vein and
lowr velocity
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Post-TIPS ultrasound Doppler evaluation:

« Detecting complications of TIPS procedure:

« Assessment of TIPS function. Evaluation of direct and indirect
signs of TIPS dysfunction:
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= Currently, vanography and pressure measurements are the standards for determining

shunt dysfunction, but are used only as secondary tests in our institution, because
they are more invasive than ultrasound evaluation with Doppler.

= |f the Doppler ultrasound findings are suggestive of a occlusion / stenosis or if there is
a recurrence of patient symptoms then we performed a venography study and a TIPS
Tevision.
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CONCLUSION

= TIPS is a technique developed to treat complications of portal hypertension.

= Doppler ultrasound evaluation is an invaluable non-invasive technigue that
permits an early diagnosis of shunt dysfunction.
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