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1 Introduction

Interventional radiology plays a double role in
the imaging of the vascular diseases of the liver:
diagnostic and interventional, each with individ-
ual claims but often closely related.

Ultrasonography (US) and contrast-enhanced
cross-sectional imaging (mainly CT angiography
and less frequently MR angiography) represent
important noninvasive diagnostic tools in the
study of hepatic vascular diseases.

Nowadays US with color Doppler mode is a
safe technology mostly used in the follow-up and
early detection of abnormal hepatic vascular
flow. Although in the literature there are many
useful criteria in the diagnostic process, they are
not properly easy to study in a substantial number
of patients. In this context contrast-enhanced
ultrasonography (CEUS) is spreading as an alter-
native tool in assessing hepatic vessel patency
(for example in portal thrombosis study).

CT angiography is a high-performance nonin-
vasive imaging that, despite its static nature, is
often essential before any therapeutic approach
because it provides a panoramic anatomy of
hepatic vessels.

On the other hand, interventional radiology
holds a central position in the diagnostic process
of hepatic vascular disease, in particular through
the opportunity to perform highly sensitive
dynamic exams, by making angiography the
diagnostic gold standard in many vascular
abnormalities.

While the utility of diagnostic angiography
could be questioned given the number of noninva-
sive imaging techniques, its interventional role
continues to grow. Many vascular interventional
procedures are increasingly gaining ground: percu-
taneous transluminal angioplasty, stent placement,
arterial embolization, transjugular intrahepatic
portosystemic shunt, and portal embolization.

It is important to underline that interventional
radiology is not in opposition to traditional surgi-
cal approaches, but it is complementary to it.
This is especially true with regard to vascular
complications following liver transplantation,
where critical patients have to be handled by a
multidisciplinary team, in particular during the

first 30 days after surgery characterized by a
greater number of complications, usually with
high mortality rate.

1.1 Hepatic Artery Angiography
Diagnostic hepatic artery angiography, even
including celiac and superior mesenteric arteries,
is performed under conscious sedation to deter-
mine liver arterial supply and patency of the por-
tal vein in a later phase. Variant hepatic artery
anatomy is present almost in half of the popula-
tion. This evaluation is usually done using the
femoral route; brachial or radial approaches are
also feasible, especially in cases with bilateral
femoro-iliac occlusion, extremely tortuous iliac
axes, or femoral surgical grafts.

The technique includes the infiltration of the
skin and subcutaneous tissue with a small amount
of local anesthetic (lidocaine 1%) before punctur-
ing the common femoral, brachial, or radial
artery; single-wall puncture is preferable.
Therefore a short 0.035” guidewire is advanced to
introduce a 4-5 French sheath. Especially in the
presence of atheromatous or calcified iliac arter-
ies, a 0.035” hydrophilic coated guidewire is
advanced in the abdominal aorta, in order to move
a diagnostic catheter (with a Rosch Celiac, Cobra
1, or Sidewinder configuration) towards the celiac
artery. After the catheterization of the celiac
artery, which is approximately at the level of T12,
a selective angiography is performed injecting
30 mL of iodinated nonionic contrast, preferably
at high concentration (320/370 mgl/mL), at
5 mL/s. When the diagnostic problem is focused
on the arterial supply, arterial and parenchymal
phases are usually performed, with a frame rate of
acquisition of at least 3 frames/s in the first phase
and of 2 frames/s in the parenchymal one. Long
acquisition is used to visualize the portal system.

1.2 Hepatic and Portal Vein

Technique

Venous access is necessary to perform several
diagnostic or therapeutic hepatic interventional



Hepatic Angiography and Vascular Interventional Radiology

135

radiology procedures, via jugular vein, like
hepatic vein pressure gradient (HVPG) measure-
ment or transjugular intrahepatic portosystemic
shunt (TIPS), and percutaneously for the portal
access, like portal embolization.

Local anesthesia (i.e., lidocaine) on the access
site is performed; subsequently venous puncture
is done under ultrasound guidance with the
Seldinger technique.

An access system is then positioned, appropri-
ately as per type, caliber, and length for the mate-
rials necessary for the procedure.

Further details are provided in the dedicated
sections of this chapter.

2 Hepatic Vein Pressure
Gradient (HVPG)
2.1 Introduction

Portal hypertension (PH) is a frequent clinical
syndrome defined as a pathological increase in
portal pressure gradient (PPG) which is the dif-
ference in pressure between the portal vein and
the inferior vena cava and represents the perfu-
sion pressure of the liver with portal blood.

The normal range of the PPG is 1-5 mmHg;
values between 5 and 9 mmHg represent subclin-
ical portal hypertension.

When the PPG increases to >10 mmHg, com-
plications of portal hypertension can arise; these
complications incorporate formation of portosys-
temic collaterals, varices (e.g., esophageal, gas-
tric, and hemorrhoids), congestive gastropathy,
hypersplenism, disturbance in the metabolism of
drugs or endogenous substances that are nor-
mally eliminated by the liver, and severe ones,
such as upper gastrointestinal bleeding resulting
from ruptured gastroesophageal varices, ascites,
spontaneous bacterial peritonitis, hepatorenal
syndrome, porto-pulmonary hypertension, and
hepatic encephalopathy.

The causes of portal hypertension can be clas-
sified according to their anatomical location as
prehepatic (involving the splenic, mesenteric, or
portal veins, e.g., portal vein thrombosis), intra-
hepatic (parenchymal liver disease), and posthe-

patic (diseases involving the hepatic venous
outflow, e.g., Budd-Chiari syndrome).

Hepatic cirrhosis is the main cause of this syn-
drome in Western countries; it is the 14th most
common cause of death worldwide but 4th in
central Europe (Tsochatzis et al. 2014).

The measurement of the portal vein pressure
was first attempted by Hallion and Francois-
Frank but was invasive and impractical in terms
of clinical practice (Hallion and Francois-Frank
1896).

Myers and Taylor first described the measure-
ment of wedged hepatic venous pressure
(WHVP), which reflected sinusoidal pressure, an
indirect measure of PVP (Myers and Taylor
1951).

The currently preferred technique for deter-
mining portal venous pressure involves, through
catheterization of the hepatic vein, measurement
of the hepatic venous pressure gradient (HVPG)
which is the difference between the WHVP and
the free hepatic venous pressure (FHVP):

HVPG = WHVP-FHVP

This method has almost totally replaced direct
measurement of portal pressure by more invasive
techniques, such as splenic pulp puncture and
percutaneous transhepatic or transvenous cathe-
terization of the portal vein. These last direct
techniques for determining the portal pressure
gradient require the simultaneous puncture of a
hepatic vein and are used only in specific cases,
almost entirely to determine presinusoidal portal
hypertension.

The WHVP is measured by occluding the
hepatic vein; stopping the blood flow causes the
static column of blood to equalize in pressure
with the proximal vascular territory, in this case,
the hepatic sinusoids. So WHVP is a measure of
hepatic sinusoidal pressure, not of portal pres-
sure. In the normal liver WHVP is slightly lower
(approximately 1 mmHg) than portal pressure;
this fact is due to the low-resistant sinusoidal
system that dissipates most of the pressure
(Groszmann and Wongcharatrawee 2004). In
liver cirrhosis the connections between sinusoids
are disrupted by the presence of fibrous septa and
nodule formation and consequently the static col-
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umn of blood created by occluding the hepatic
vein cannot be dispersed (Bosch et al. 2006). So
in this case WHVP gives an accurate estimate of
portal pressure gradient (PPG) (Perello et al.
1999).

FHVP is a measure of the pressure of the
unoccluded hepatic vein.

There are two techniques for measuring
WHYVP: catheter advancement technique and bal-
loon occlusion technique. In the former, the cath-
eter is pushed down in the hepatic vein until it
cannot be advanced further; this results in a com-
plete obstruction of the venous flow and the pres-
sure recorded in this occluded position is the
WHVP.

The second one, the balloon occlusion tech-
nique, was validated by Groszmann et al. (1979).
It requires the use of a balloon-tipped catheter;
inflation and deflation of the balloon within the
hepatic vein allow measurement of wedged and
free pressures without the need to advance and
retract the catheter for each WHVP and FHVP
determination.

Using the catheter advancement technique the
WHVP is measured in a small hepatic venule.
Keiding and Vilstrup showed different values of
the WHVP when the catheter is advanced in dif-
ferent hepatic veins and the heterogeneity of
sinusoidal involvement in diseases like liver cir-
rhosis is probably the cause of these differences
(Keiding and Vilstrup 2002; Maharaj et al. 1986).

In contrast, the balloon occlusion technique is
preferred because it allows measurement in the
hepatic veins at the lobar and sublobar levels. The
obtained pressure is an average of pressures in
several segments of the liver and thus represents
more accurately the true portal venous pressure
(Groszmann and Wongcharatrawee 2004).

2.2 Technique
Patient should be informed about the technique
and its risks; he/she must have fasted for at least
6 h and a written informed consent should be
provided.

Clotting studies, serum creatinine, and an ade-
quate management of anticoagulant therapy are

required before the exam. A peripheral venous
access should be placed.

The procedure is performed in an interven-
tional radiology room, under strictly aseptic con-
ditions, and patient’s vital signs (blood pressure,
digital oxygen saturation, electrocardiographic
parameters, and heart rate) are monitored during
the procedure.

Conscious sedation with low-dose midazolam
(0.02 mg/kg intravenously) increases patient
comfort and relieves anxiety without modifying
hepatic pressures (Steinlauf et al. 1999).

Previous US evaluation gives precise informa-
tion of topographic location of the right internal
jugular vein and confirms its permeability; if this
access is not feasible, left internal jugular, ante-
cubital vein, or femoral vein can be used.

Doppler US should be used to facilitate venous
localization and puncture and to avoid
complications.

After skin’s disinfection, positioning of a sterile
drop, and subcutaneous local anesthetic infiltra-
tion, under US guidance, the right internal jugular
vein is punctured using an 18-gauge needle con-
nected to a saline-filled syringe.

Under fluoroscopic control, a 0.035 in.
J-tipped guidewire is inserted into the vein and
the introducer is passed through according to
Seldinger technique over the guidewire.

A J-tipped 0.035 in. flexible hydrophilic guide
and an end-hole catheter or a balloon-tipped
catheter are inserted through the introducer via
the superior vena cava, right atrium, inferior vena
cava, and right hepatic vein or an appropriate
alternative hepatic vein.

FHVP is measured by maintaining the tip of
the catheter “free” in the hepatic vein, at 2—4 cm
from its opening into the inferior vena cava
(Fig. 1). The FHVP should be similar in value to
the inferior vena cava (IVC) pressure; IVC
pressure should be measured at the level of the
hepatic vein ostium. A difference of >2 mmHg
signifies that the catheter is probably inadequately
placed or that a hepatic vein obstruction exists.

WHVP is measured by occluding the hepatic
vein, either by “wedging” the catheter into a
small branch of a hepatic vein or by inflating a
balloon at the tip of the catheter.
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Fig. 1 The measurement of the free hepatic vein
pressure

Fig. 2 The measurement of the WHVP with the catheter
advancement technique

The slow injection of 2-5 mL of contrast dye
confirms the accurate occlusion of the hepatic
vein; this method should be in a typical “wedged”
pattern (sinusoidogram) without observing any
reflux of the contrast or its washout through
shunts with other hepatic veins (Figs. 2 and 3). If
adequate occlusion is not achieved, the reading

Fig. 3 The measurement of the WHVP with the balloon
occlusion technique; note that with this technique a
greater volume of hepatic parenchyma is examined com-
pared to the catheter advancement technique

should not be considered and a new reading is
taken and occlusion reconfirmed.

It is important that the WHVP readings should
always be taken before injecting the contrast
medium; otherwise the value would be falsely
high and the catheter should be carefully washed
with heparinized saline solutions before taking
each set of readings.

As mentioned above the use of a balloon-
tipped catheter, the preferred technique, reduces
measurement variability.

FHVP and WHVP should be measured until
the value remains stable and all measurements
should be taken at least in duplicate (Groszmann
and Wongcharatrawee 2004; Kumar et al. 2008).

23 Complications
There are no absolute contraindications to HVPG
measurement.

If the patient is allergic to iodine contrast
medium it can be avoided and CO, can be used
instead.

In the presence of known episodes of cardiac
arrhythmia the catheter in the right cardiac atrium
must be moved carefully.
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Although coagulation disorders are common
in patients with cirrhosis, only cases of severe
thrombocytopenia (platelet levels <20,000/dL) or
a low prothrombin ratio (below 30%) call for the
replacement of platelets or transfusion of fresh
frozen plasma.

The procedure of measuring the HVPG has
proved to be extremely safe and usually carries
only a modest discomfort (Bosch et al. 2009).
Complications are infrequent (<1% of cases);
most of them are related to local injury at the
venous access site (e.g., leakage, hematoma, arte-
riovenous fistulae) and with the use of US guid-
ance for performing the venous puncture this risk
is greatly reduced.

Passage of the catheter through the right
atrium might cause supraventricular arrhythmias
(most commonly ectopic beats), but these are
self-limited in most cases.

In the medical literature there are no reports of
serious complications.

In Berzigotti et al. (2013) experience no fatali-
ties have occurred in over 12,000 procedures in
30 years. In addition, hepatic vein catheterization
offers the possibility to perform liver biopsies in
patients with poor coagulation and contraindica-
tions for transcutaneous liver biopsies (Huet and
Pomier-Layrargues 2004).

24 Indications

Normal portal pressure (determined by the
HVPG) ranges from 1 to 5 mmHg. Pressure
above this limit defines the presence of portal
hypertension, regardless of clinical evidence
(D’Amico and Garcia-Tsao 2001; Groszmann
et al. 2003).

An HVPG value of 6-9 mmHg corresponds to
preclinical ~sinusoidal portal hypertension,
whereas clinically significant portal hypertension
is diagnosed when HVPG is >10 mmHg, at
which point clinical manifestations of portal
hypertensive syndrome, such as varices, bleed-
ing, gastropathy, and ascites, might appear
(Garcia-Tsao et al. 1985; Groszmann et al. 1990,
2005; Ripoll et al. 2007).

HVPG measurement is the gold standard
method to assess the presence of clinically sig-
nificant portal hypertension (CSPH) CSPH,
which is defined as HVPG >10 mmHg, in
patients with compensated advanced chronic
liver disease (cACLD) (De Franchis 2015).

In addition to diagnosing portal hypertension
by pressure criteria, the patterns of the HVPG,
WHVP, and FHVP obtained during portal pres-
sure measurement can be used to delineate the
types of portal hypertension and its possible
causes.

Any condition that interferes with the blood
flow from the spleno-mesenteric-portal axis to
the inferior vena cava can cause portal hyperten-
sion so the latter is classified according to the site
of obstruction as prehepatic, intrahepatic, and
posthepatic.

Intrahepatic portal hypertension can be further
subclassified into presinusoidal portal hyperten-
sion (e.g., schistosomiasis, sarcoidosis, tuberculo-
sis), sinusoidal portal hypertension (e.g., cirrhosis),
and postsinusoidal portal hypertension.

In patients with portal hypertension of
unknown causes a normal HVPG with normal
WHVP and FHVP is typical of prehepatic and
presinusoidal intrahepatic portal hypertension. In
these cases the catheter is not in continuity with
the actual area of increased resistance, so the
recorded pressure will be that of the normal sinu-
soids. The finding of an increased HVPG owing
to an increase in WHVP indicates an intrahepatic
sinusoidal hypertension, which is most frequently
due to cirrhosis. In postsinusoidal intrahepatic
portal hypertension and in posthepatic portal
hypertension (e.g., Budd-Chiari syndrome) an
increased FHVP and WHVP are found, while the
HVPG remains normal.

The measurement of the HVPG moreover
manages the clinical evolution of liver disease
and the pharmacological therapy.

The main therapeutic goal for portal hyperten-
sion should be preventing its complications, such
as varices hemorrhage, ascites, spontaneous bac-
terial peritonitis, and hepatorenal syndrome.

It has been demonstrated that there are thresh-
old HVPGs necessary for the development of
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ascites and gastroesophageal varices, respec-
tively, 8—10 mmHg for ascites and 10-12 mmHg
for varices (Bosch et al. 1986; Rector 1986).

It was demonstrated that varices never bleed
when the HVPG is less than 12 mmHg
(Groszmann et al. 1990). A reduction in the
HVPG to less than 12 mmHg is considered the
single most useful prognostic indicator of portal
hypertension complications and is the most
important goal in pharmacologic therapy of por-
tal hypertension.

In addition Feu and colleagues demonstrated
that a 20% or greater reduction in HVPG from
baseline after the initiation of beta-blocker ther-
apy is associated with a significant reduction in
the risk of variceal bleeding, even if the absolute
HVPG of less than 12 mmHg is not reached (Feu
et al. 1995).

It has been well demonstrated by many studies
that the HVPG is a reliable parameter for predict-
ing survival in cirrhotic patients (Vorobioff et al.
1996; Gluud et al. 1988; Merkel et al. 1992).

Transition from a compensated to a decom-
pensated stage of cirrhosis is marked by the
development of the complications of portal
hypertension and the risk of developing these
complications can be reduced by decreasing the
portal pressure.

Albrades et al. (2014) showed that in cirrhotic
patients treated pharmacologically for the pre-
vention of variceal rebleeding, the long-term
probability of survival was significantly higher
for those who had an HVPG reduction of 20% or
more from baseline or to less than 12 mmHg
(defined as HVPG responders) than for
nonresponders.

HVPG also is linked with the hepatocellu-
lar carcinoma (HCC).

Ripoll and colleagues showed that in patients
with cirrhosis the risk of developing HCC is con-
siderably higher in patients with clinically sig-
nificant portal hypertension (HVPG >10 mmHg)
than who have HVPG values <10 mmHg (Ripoll
et al. 2009).

Moreover, in patients with well-compensated
cirrhosis and resectable HCC, the presence of
clinically significant portal hypertension mark-
edly increases the risk of unresolved hepatic

decompensation occurring within 3 months of
hepatic resection (Llovet et al. 1999; Forner and
Bruix 2009).

Thus according to Barcellona Clinic Liver
Cancer (BCLC) staging surgical resection for
HCC should be restricted to patients without clini-
cally significant portal hypertension.

3 Transjugular Intrahepatic
Portosystemic Shunt (TIPS)
3.1 Introduction
Transjugular intrahepatic portosystemic shunt
(TIPS) is a direct communication between the por-
tal system and the systemic venous circulation
(Fig. 4) and allows the correction of portal hyper-
tension in order to obtain a decrease of the hepatic
vein pressure gradient (HVPG) at a value
<12 mmHg or a reduction of at least 20% thanks to
the portal decompression through a low-resistance
vascular pathway (Reiberger et al. 2017).

3.1.1 TIPS History

TIPS discovery occurred in the 1960s, thanks to
an accidental portal access during the first tran-
sjugular cholangiographic investigations; subse-
quently, in 1969, Rosch et al. advanced the
hypotheses of a “radiologic portocaval shunt”
(Rosch et al. 1969). Thirteen years later
Colapinto et al. performed the first human bal-
loon-dilated transjugular portosystemic shunt,
but only the application of a metallic stent by
Richter et al. guaranteed a longer term TIPS
patency revealing TIPS as a valid alternative to
the surgical portosystemic shunts (Colapinto
et al. 1983; Richter et al. 1989).

With  expanded  polytetrafluoroethylene
(e-PTFE)-covered stents TIPS procedure gained
more and more acceptance as a treatment for the
complications of portal hypertension until in
2004 Gore Viatorr® endoprostheses were
designed for a longer TIPS patency and to date
represents a well-accepted minimally invasive
nonsurgical method for the establishment of a
bypass in a congested hepatic vascular bed
(Saad 2014).
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Fig.4 Scheme of an
intrahepatic shunt
between hepatic vein
(HV) and right portal
vein (RPV)

3.2 Indications

TIPS represents the treatment for some portal
hypertension complications, mainly variceal
hemorrhage and refractory ascites (Copelan et al.
2014; Fagiuoli et al. 2017).

3.2.1 Variceal Hemorrhage

In portal hypertension a hepatofugal portal circu-
lation may be established, due to a diffuse paren-
chymal obstacle or a vascular obstruction, and
the blood flow gathers its way back to the right
heart reaching the vena cava system through ana-
tomical venous shunts, the portosystemic anasto-
mosis (Wachsberg et al. 2002).

When portal hypertension is such that HVPG
>10 mmHg, the flow in the esophageal and para-
esophageal varices gets prominent and the higher
the gradient the higher the likelihood of variceal
hemorrhage, with 12 mmHg considered as gradi-
ent threshold for bleeding (Garcia-Tsao et al.
1985). Risk factors for variceal bleeding are the
stage of liver disease (i.e., Child-Pugh class A, B,
or C) and the superficial aspect and dimensions
of the varices (F1, F2, or F3 according to JRSPH
classification) (Beppu et al. 1981). Gold standard

for esophageal varix diagnosis is esophago-
gastro-duodenoscopy (EGDS), which must be
performed at the moment of cirrhosis diagnosis
and then repeated for periodical follow-up
(Garcia-Tsao et al. 2007).

About 50% of cirrhotic patients develop
esophageal varices and since variceal hemor-
rhage is a life-threatening complication associ-
ated with higher morbidity and mortality rate
(10-20% of patients die within 6 weeks), its pre-
vention is of primary interest to consent the
improvement of survival rates (Garcia-Tsao et al.
2007; Triantos and Kalafateli 2014; Garcia-Tsao
and Bosch 2010).

Nowadays preventive therapy of esophageal
varices mainly employs endoscopic procedures
(i.e., endoscopic variceal band ligation, EVL;
endoscopic injection sclerotherapy, EIS) (Kim
2014). When the rupture of varices occurs, there
is a severe gastrointestinal hemorrhage that mani-
fests itself through hematemesis and, sometimes,
melena or hematochezia; in these cases, once the
hemodynamic stabilization is achieved, the thera-
peutic protocol (Baveno V) foresees the combi-
nation of pharmacologic, antibiotic, and
endoscopic treatment, and the latter should be
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performed ideally between 6 and 12 h from
admission, especially when cirrhosis is suspected
(De Franchis 2010).

The insertion of the Sengstaken-Blakemore
tube in the esophagus is effective in most cases
(up to 80%) in which conventional medical and
endoscopic treatments fail; however the bleeding
relapses are constant after the decompression of
the balloons (esophageal and gastric); therefore
this procedure should be considered as a bridge
therapy to a definitive therapeutic intervention
(Kim 2014).

TIPS positioning is strongly advised as sec-
ondary prevention of esophageal variceal rebleed-
ing, to treat uncontrollable variceal hemorrhage
and portal hypertension gastropathy, or when
ascites is concomitant to variceal hemorrhage
(Copelan et al. 2014).

Furthermore, recent meta-analyses confirmed
the superiority of TIPS over EVL in preventing
rebleeding of esophageal varices and high-risk
patients (i.e., Child-Pugh class C10-13 patients,
Child-Pugh class B patients with active variceal
bleeding, patients with HVPG >20 mmHg)
treated with early TIPS intervention (<72 h) are
more likely to survive or to not show significant
bleeding than after an endoscopic treatment
(Zheng et al. 2008; Deltenre et al. 2015).

3.2.2 Refractory Ascites

Ascites is associated with cirrhosis in 75% of
cases and develops in 50% of cirrhotic patients,
representing the most common manifestation of
decompensation (Moore and Aithal 2006).

It is defined as an accumulation of fluid in the
abdominal cavity in amounts above 250 mL and
up to 10 L or more, due to two main pathogenetic
mechanisms: portal hypertension that induces
extravasation of fluids from the congested hepatic
sinusoids and splanchnic capillaries, and renal
sodium retention. This mechanism perpetuates in
a vicious cycle, leading towards a progressive
deterioration of the patient’s conditions (Salerno
et al. 2010).

At early stage of ascites-complicated cirrho-
sis, a therapeutic strategy that maintains a nega-
tive sodium balance, reducing its intake (that

should be between 5 and 5.2 g NaCl/die, to avoid
malnutrition) and increasing its renal excretion
by diuretics administration, is sufficient (Runyon
2004; Wong 2012).

The evaluation of diuretic therapy effective-
ness foresees patient’s weight daily monitoring;
up to 10% of patients do not obtain satisfactory
results, due to the refractoriness of ascites at
maximal doses of diuretics or due to their side
effects (i.e., dysionemia, renal failure, encepha-
lopathy), and therefore requires the execution of
evacuative paracentesis (Moore and Aithal 2006).

Due to the poor prognosis of patients with
refractory ascites, liver transplantation should be
considered, but TIPS seems to improve the
transplant-free survival of these patients and is
preferable to repeated paracentesis of large vol-
umes (Salerno et al. 2007; Garcia-Tsao 2005).
Indeed natriuresis improves within a month after
TIPS positioning; however, in order to obtain
ascites clearance, patients should follow a
sodium-restricted diet for a while, or continue
diuretic therapy and within 12 months from TIPS
procedure 80% of them achieve a complete reso-
lution of ascites.

3.2.3 Other Portal Hypertension-
Related Conditions

In changes of the gastric mucosa (i.e., portal

hypertensive gastropathy, PHG) endoscopically

described as “snakeskin” lesions, TIPS

positioning may improve gastric perfusion

(Copelan et al. 2014).

Hydrothorax can be found in cirrhotic patients
(5%) with refractory ascites because of the
migration of ascitic fluid through the diaphragm
into the pleural cavity (Strauss and Boyer 1997).
At its first diagnosis, an investigative thoracente-
sis for the differential diagnosis should be per-
formed; evacuative thoracenteses may be
necessary in addition to salt restriction and use of
diuretic drugs. In this situation TIPS can help in
relieving hydrothorax-related respiratory dis-
comfort (Dhanasekaran et al. 2010).

Budd-Chiari syndrome is a rare condition
caused by an occlusion of the hepatic veins (2 out
of 3), due to thrombosis or ab extrinsic compres-
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sion, in which TIPS represents the most common
interventional measure, recommended in case of
thrombolytic therapy failure (pharmacological and
interventional), low functional liver reserve, or
HVPG >10 mmHg, or is considered as a bridge
therapy to liver transplantation (Ryu et al. 1999).

In case of advanced cirrhosis and clinically
significant portal hypertension, systemic and
splanchnic vasodilatation compromises renal
perfusion causing acute kidney injury (AKI) and
hepatorenal syndrome (HRS). Patients with
HRS-AKI have more than one indication for
TIPS placement, which may improve renal func-
tion (Rossle and Gerbes 2010).

Hepatopulmonary syndrome (HPS) occurs
when a hepatopathic patient experiences dyspnea
and hypoxemia due to an abnormal gas exchange,
caused by vasodilatation of pulmonary capillar-
ies. There is no evidence for TIPS effectiveness
on this, but neither for TIPS to be unsafe if placed
in these patients in order to treat other concomi-
tant complications of portal hypertension
(Martinez-Palli et al. 2005).

Other particular conditions for TIPS position-
ing could be to maintain or achieve eligibility for
liver transplantation with mild portal vein throm-
bosis, to reduce morbidity and mortality prior to
extrahepatic major surgery, as access for portal or
mesenteric endovascular intervention (i.e., throm-
bolysis, thromboaspiration) or as palliative mea-
sure in oncologic patients (Wallace et al. 2004).

On the contrary, TIPS should never be estab-
lished in patients with no proven portal hyperten-
sion or in clinical conditions that may increase
the risk of post-intervention complications
(Krajina et al. 2012; Dariushnia et al. 2016), such
as elevated right or left heart pressure, severe pul-
monary hypertension, heart failure or sever car-
diac valvular insufficiency, rapidly progressive
liver failure, severe uncontrolled hepatic enceph-
alopathy, uncontrolled systemic infections or
sepsis, polycystic liver disease, extensive primary
or metastatic hepatic malignancy, and severe
uncorrectable coagulopathy.

Finally, TIPS should never be performed as
primary prophylaxis of gastroesophageal variceal
hemorrhage, with the exception of selected high-
risk patients.

3.3 Preoperative Assessment

3.3.1 Anatomical References

For liver anatomy, refer to Chap. 2; here are some

considerations related to the specific procedure.

Liver’s vascularization is composed of two dif-
ferent types of afferents, the hepatic artery proper
and the portal vein. The hepatic artery proper is
the only liver arterial blood provider, and accounts
only for the 25% of the hepatic blood needs; the
remaining 75% of liver blood supply is granted
by the portal vein that divides into two lobar
veins, the right and left portal vein (RPV, LPV):
this bifurcation may be extrahepatic (48%) and
intrahepatic (26%), or in correspondence of the
hepatic hilum (26%) (Schultz et al. 1994). The
short but capacious RPV (see Chap. 2 for ana-
tomical details) continues on the same direction
of the portal trunk, with just a slight change of the
axial angle and divide in the right anterior branch
of portal vein (RAPV) and right posterior branch
of portal vein (RPPV) which subdivide into supe-
rior and inferior segmental branches to supply the
right lobe of the liver; the LPV is long twice as
much as the RPV, but has half of its caliber and
arises from the portal vein’s trunk with an acute
angle. The LPV turns medially toward the liga-
mentum teres, supplying the lateral segments (II
and III) of the left lobe and describes a wide and
anteriorly concave curve and ends in the superior
and inferior segmental branches of segment
IV. The cystic vein drains into the RPV or, some-
times, into the PV’s trunk, while the ligamentum
venosum (or umbilical vein, normally nonfunc-
tional) drains into the LPV.

Despite the relative infrequency of portal vein
anatomic variants (15%), four different vari-
ants of portal vein branching have been catego-
rized according to Cheng et al. (1996):

— Type I represents the classical anatomy men-
tioned above (65-75%).

— Type II consists of the trifurcation of the portal
trunk: RAPV, RPPV, and LPV (9-11%).

— Type III occurs when the RPPV is the first col-
lateral of the portal trunk which ends with
RAPV and LPV (5-13%).

— Type IV is characterized by the emergence on
the RAPV from the distal tract of the LPV.
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Even if the portal bifurcation absence is rare
(1%), when unrecognized it can seriously com-
promise TIPS procedure’s success.

The venous drainage of the liver occurs through
three hepatic veins, which converge into the infe-
rior vena cava (IVC): the right hepatic vein
(RHV); the middle hepatic vein (MHV) which
may drain into the IVC with a common trunk with
the left hepatic vein (LHV) in 60% of popula-
tion; and the LHV. These three venous trunks
receive blood from smaller veins, the collector
canals, which originate from the merging of the
sublobular veins, the very first venous structure
draining the hepatic functional unit. Anatomical
variants of this district, such as accessory hepatic
veins, are not infrequent, as the presence of super-
numerary hepatic veins; the absence of one or
more hepatic veins might be observed, too.

Normal and variant anatomy of the portal
branching and hepatic veins should be accurately
acknowledged and identified on preoperative
computed tomography (CT) scan, considering
that the vessels involved in a desired TIPS should
be the right hepatic vein and the right portal vein
(Saad et al. 2008).

Portal vein variants of interest when creating a
TIPS are type II and III. Furthermore, since the
portal vein puncture may cause bleeding when
accomplished externally to the hepatic paren-
chyma, the location of the portal vein bifurcation
should be considered prior to TIPS positioning.

Abdominal ultrasound and CT are employed
also for the assessment of portal vein patency and

the presence of primary or metastatic hepatic
malignancy (Fig. 5).

3.3.2 Medical Evaluation

The evaluation of cardiac performance status,
hepatic functional reserve, renal function and
coagulation capacity are mandatory prior to a
TIPS intervention (Chana et al. 2016).

An abnormal thrombocytic count and coagu-
lopathy, not infrequent in cirrhotic patients,
should be adjusted prior to the intervention;
although there are controversies on the cutoffs to
be obtained before the procedure, a platelet count
>50,000/mm? and an INR <1.5 are advisable.
Platelet infusion as well as fresh frozen plasma
may be used for the correction of INR and throm-
bocytic count, respectively.

It should be considered also that TIPS inter-
vention foresees the use of generous amounts of
contrast agent that may furtherly deteriorate an
already compromised renal function.

Since portosystemic hepatic encephalopathy
(PHE) is a possible complication of TIPS cre-
ation, the presence of hepatic encephalopathy
(HE) must be evaluated before the intervention.

Such a comprehensive medical workup may
not be feasible in emergency scenarios; neverthe-
less a baseline hemato-chemical and bio-humoral
screening should always be performed and a
strict control for the maintenance of hemody-
namic stability is required (Krajina et al. 2012).

MELD score allows the stratification of
patients’ survival prognosis in accordance to the

Fig.5 Preoperative CT scan showing portal and mesenteric vein thrombus (arrows in A and B)
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risk of post-TIPS hepatic decompensation
(Farsad and Kolbeck 2014): when MELD score
is >20 (or CTP score >C13) TIPS intervention is
avoided, except for patients with hepatorenal
syndrome who present a particularly high level of
creatinine value.

Twenty-four hours prior to the intervention,
prophylactic broad-spectrum antibiotic therapy
(i.e., ceftriaxone intravenous administration) has
begun and in case of known allergy to iodinated
contrast medium, premedication with corticoste-
roids is recommended at least 12 h before the
procedure.

A paracentesis (accompanied by volume
replacement) can be performed the day before the
procedure if needed: this allows the reduction of
the angle between the hepatic veins and the infe-
rior vena cava, and therefore an easier access to
the hepatic venous system, in addition to better
fluoroscopic images. If the presence of hydrotho-
rax severely compromises the patient’s respiratory
performance, drainage should be considered.

Finally, fasting is required at least within 6 h
before the procedure and informed consent must
not be forgotten.

34 Procedure

For the TIPS positioning procedure, as well as for
other interventional radiology procedures, a mul-
tidisciplinary team composed of interventional
radiologist(s), anesthetist, radiology technician,
and specialized nurse is required.

The patient, lying upon an angiographic table,
is positioned with the head slightly turned to the
left. Factors related to the patient’s status will
affect the choice between deep sedation and gen-
eral anesthesia (Chana et al. 2016). Conscious
sedation induced by sedative agents with a short
action (e.g., midazolam, propofol, and fentanyl)
may be employed together with supplemental
oxygen supply. Many patients complain of great
discomfort due to prolonged time in obliged
supine position and balloon dilatation of the
intrahepatic tracts; furthermore there is no guar-
antee of airway protection and ventilation may be
compromised, so the feasibility of a prompt shift

to general anesthesia should always be ensured.
General anesthesia on the other hand is the pre-
ferred choice of many operators, especially when
procedural complications occur. To permit a
quick post-procedural recovery, the most appro-
priate dosage of short-acting agents should be
aimed. Tracheal intubation is the safest option as
it prevents the occurrence of chemical pneumo-
nia due to gastric reflux during the procedure.
Furthermore, controlled ventilation permits
breath holds whenever the radiologist needs the
patient to be motionless, like during the most
delicate phases of the shunt creation. In case of
emergency TIPS positioning, general anesthesia
and airway protection with tracheal intubation
are mandatory.

Continuous cardiac activity monitoring with
ECG is required and extreme caution should be
paid while maneuvering the guidewire through
the right atrium, because arrhythmic events may
follow  accidental cardiac  inner  wall
stimulation.

At least two cross-matched blood units should
be available during the procedure. It should be
kept in mind that patients who experienced vari-
ceal bleeding are likely to have undergone mul-
tiple transfusions in the past: extended
crossmatching is required by the possible pres-
ence of atypical antibodies in the blood.

3.4.1 Materials

3.4.1.1 TIPS Set and Stent

To date, five different sets to perform a transjugu-
lar venous hepatic access are available: the Ring,
the Rosch-Uchida and the Haskal set provided by
Cook Medical (Bloomington, IN, USA), the
AngioDynamics set (Albany, NY, USA), and the
Gore set (W. L. Gore & Associates, Inc., Newark,

DE, USA).
The shunt can be created with bare metal
stents (Wallstent™ Boston Scientific,

Marlborough, MA, USA) or graft stents covered
in expanded polytetrafluoroethylene (Gore
Viatorr® ePTFE-coated stent grafts); the latter,
nearly exclusively used for TIPS creation, is con-
stituted by auto-expandable Nitinol covered in its
last 4/5 by a thin layer of ePTFE and its employ-
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ment results to be safe and effective (Vignali
et al. 2005). Because of its low permeability to
mucin and bile, the outer surface of this device
inhibits the hyperplastic growth of the nearby
liver parenchyma. While the ePTFE-covered por-
tion (4-8 cm) is designed to be placed in the
intrahepatic and hepatic venous tracts, the bare
part (2 cm) of the stent is planned to be posi-
tioned in the portal vein.

The stent’s diameter (8, 10, or 12 mm) is cho-
sen taking into account the HVPG, the patient’s
age, his/her general clinical conditions, his/her
hepatic encephalopathy grade, and his/her car-
diac performance status (Fanelli et al. 2006;
Schepis et al. 2018).

3.4.1.2 Balloons

Before and after TIPS placement, angiographic
balloons are used for pre-dilatation of the intrahe-
patic tract and for dilatation of the stent after being
completely released. The two types of balloon
most used nowadays are Mustang balloon dilata-
tion catheter (Boston Scientific, Marlborough,
MA, USA) and ATB PTA dilatation catheter
(Cook Medical, Bloomington, IN, USA).

3.4.2 Technique

TIPS creation can be considered a multistep pro-
cedure divided into four main phases (Keller
et al. 2016) (Fig. 6).

3.4.2.1 Jugular Vein Puncture

The midportion of the right internal jugular vein
is the preferred access point because the apex of
the lung is usually lower and on this side it is pos-
sible to establish a more direct path for the
achievement of the hepatic vein district. Since the
common carotid artery is located next to this
vein, the puncture should be performed under
ultrasound guidance with an 18 G needle at the
apex of the triangle drawn from the two ends of
the sternocleidomastoid muscle. Successful
access occurs in 75-99% of cases, depending on
the experience of the operators. If the right jugu-
lar vein should not be available (e.g., agenesis,
occlusion, or surgical ligation), the right external
jugular vein, the left internal jugular vein, or the
subclavian vein may be chosen.

For the technique of performing jugular
venous access under ultrasound guidance, see the
introductory part of the chapter.

3.4.2.2 HepaticVein Cannulation

Once in the jugular vein, a 0.035” guidewire is
driven down to the inferior vena cava. Passing
through the atrial chamber caution is required for
the avoidance of extrasystole. Then, a 12 F intro-
ducer sheath is advanced in the right atrium.
Once the path to the inferior vena cava is gained,
a curved catheter is used for the catheterization of
the hepatic vein and the venous district’s anatomy
is eventually studied with a venogram (iodinated
contrast or CO, may be used).

3.4.2.3 Portal Vein Access

Subsequently, the metal cannula of the TIPS set
is used to direct the stylet, anteriorly when aim-
ing the RPV or posteriorly when aiming the LPV,
through the hepatic parenchyma for 4-5 cm. The
stylet’s access point to the portal vein should ide-
ally be 1-2 cm from the portal bifurcation; this
allows the Gore Viatorr® TIPS stent graft to
assume a gentle curve that optimizes the shunt
flow, reducing the risk of excessive turbulence
and consequent obstruction.

After the removal of the stylet and a slow nee-
dle retraction together with a gentle syringe aspi-
ration, once blood withdrawal is observed,
contrast medium is injected to check whether the
landing site is in the targeted portal vein or not.

Several attempts may be required for the
attainment of a successful puncture, especially in
cirrhotic patients who usually present a distorted
intrahepatic vascular anatomy. Ultrasound guid-
ance may be employed to facilitate the
intrahepatic puncture and minimize the risk of
hemorrhage. This is the most critical step of TIPS
procedure, as it may be complicated by hepatic
capsule perforation, hepatic artery puncture, bili-
ary duct puncture, or extrahepatic portal tract
puncture.

The degree of portal hypertension is then
determined by measuring the HVPG, as dis-
cussed before in this chapter.

A portography is finally performed for an
appropriate portal system anatomy study, the
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Fig. 6 After catheter-blocked transhepatic portography
through a sheath placed in the right hepatic vein and tran-
shepatic puncture (not shown), the portal system is
achieved (a) and direct portography is performed using a

measurements of the shunt’s length, and the defi-
nition of varices. Very curved shunt courses
require to take into account a 1-2 cm longer stent
graft compared to the measured shunt’s length.

3.4.2.4 Stent Graft Deployment
Dilatation by an angiographic balloon of the
intraparenchymal tract of the shunt precedes the

marked pigtail catheter used for choosing the right length
of stent (b); (c) dilatation of the transhepatic tract with
angiographic balloon; (d) post-dilatation of the Gore
Viatorr® stent

placement of the stent that is subdivided into two
steps: the release of the uncovered portion of the
stent and then of the covered portion. A 12F
introducer sheath is advanced in the portal system
for at least 3 cm. Once the stent graft has been
introduced in it, this can gently be unsheathed to
permit the endoprosthesis’ uncovered portion
expansion in the portal vein. This is a delicate
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phase as a wrong positioning of this stent graft’s
portion cannot be corrected; moreover, in liver-
transplant candidates, the positioning of both
TIPS ends is particularly critical and has to be as
precise as possible (Krajina et al. 2012). The
introducer sheath is then retracted until a higher
resistance, due to the transition from the portal
vein tract to the intrahepatic tract, is felt; continu-
ing in the retraction of the introducer into the
inferior vena cava or the right atrium, the stent is
allowed to be completely released with the proxi-
mal end at the junction of the chosen hepatic vein
with the inferior vena cava. Keeping the system
firmly still, the PTFE-covered portion is then
deployed by pulling its constraining cord.

Stent dilatation by angiographic balloon is
then performed; under-dilatation may be chosen
to target a precise HVPG value or prevent exces-
sive shunt.

To prevent thrombus formation inside the
TIPS endoprosthesis 5000 IU of heparin could be
administered immediately after its positioning.

Finally, a portogram is performed to check the
shunt’s  functioning and another HVPG
measurement is obtained to calculate the
AHVPG: the procedure’s hemodynamic success

is achieved if HVPG is reduced to a value
<12 mmHg or at least 20%.

3.4.3 Challenges

Compared to surgical shunts, TIPS procedure has
lower mortality and morbidity rates: a fatal peri-
procedural complication occurs in 1.7% of
patients (range 0.6-4.3%) (Krajina et al. 2012).
Some procedural related events that may cause
the patient’s death, like extrahepatic portal vein
puncture (2%), hepatic arterial vessel laceration
(1%), or transcapsular puncture with transjugular
needle (<1%) should be avoided. Other nonfatal
periprocedural complications include neck hema-
toma due to accidental carotid puncture (1%),
pneumothorax due to an overly low attempt of
jugular puncture (<1%), and biliary duct lesion
with consequent hemobilia (10%).

3.4.3.1 Portal Vein Thrombosis

In the case of cirrhosis complicated by PVT, the
TIPS positioning requires, in addition to the
venous transjugular access, portal access via
transhepatic or trans-splenic track. Portal recana-
lization attempts can also be undertaken
(Lombardo et al. 2018) (Fig. 7).

Fig. 7 Transhepatic puncture in a patient with portal
thrombosis. Gooseneck catheter introduced via trans-
splenic percutaneous access (yellow arrow in a) used to

catch the guidewire introduced via transjugular access
(thin yellow arrow in b), allowing to reach the portal
system
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3.5 Follow-Up

In patients that after the intervention present nor-
mal coagulative parameters, prophylactic antico-
agulation therapy should be initiated (12,500 TU
of heparin per 500 mL of physiological solution
for the first 24 h, and subsequently 0.4 mg of low-
molecular-weight heparin—LMWH—twice a
day for at least 1 week). Further anticoagulation
is not recommended, except for patients who
underwent TIPS positioning with Budd-Chiari
syndrome indication (i.e., massive hepatic vein
thrombosis) or who experience PVT: in these
cases INR target is >2 (Krajina et al. 2012).

The prophylactic antibiotic therapy initiated
before the intervention has to be prolonged for at
least 48 h after the procedure.

Post-procedure hospitalization foresees the
evaluation of the liver’s functional status.
Whenever clinical abnormal findings should be
encountered, the recovery is prolonged for fur-
ther investigations and management.

TIPS patency should be evaluated with
US examination within 1-5 days from the
procedure.

After TIPS creation, the worsening or out-
break of HE may be detected by the evaluation of
sleep pattern behaviors, working capacity, and
changes of personality and of speech abilities.
Psychometric tests are useful tools for the detec-
tion of subclinical HE (Campagna et al. 2017).

Impaired liver function may follow TIPS
intervention: liver sufferance is presented with
abnormal increase of serum  bilirubin
concentration.

Patients should be signed off only when their
clinical status is sufficiently good and no labora-
tory examinations are out of range. At discharge,
patients are provided with detailed dietary
instructions as well as with prophylactic therapy
for PHE.

Follow-up in patients with TIPS foresees a
periodic evaluation of nutritional status, func-
tional status, grade of encephalopathy, liver and
renal functions, as well as status of the pathology
for which TIPS was indicated. This allows to
understand if the clinical endpoints of each

patient have been reached or not and to perform
further examinations or modify the therapy
appropriately.

3.5.1 Ultrasonographic Examination
Due to its noninvasive nature, US is the first-line
examination method for patients with TIPS. In
patients who received a Wallstent™ (bare metal
stent), the first investigation should be performed
24 h after the procedure, aiming the ruling out of
the immediate onset of complications such as
stent occlusion or insufficient shunt flow (if these
are encountered, a prompt TIPS angiographic
revision is required) (ZiZka et al. 2000). On the
contrary, patients who underwent the positioning
of a Gore Viatorr® TIPS endoprosthesis have no
recommendation for such early examination.
This is due to the fact that a thin air layer may be
trapped between the stent’s ePTFE sheets, imped-
ing a proper TIPS insonation and resulting in a
false-positive evaluation for occlusion (Ferral
et al. 2016). Therefore, the first radiological eval-
uation of these patients should be carried out
5-10 days after the intervention. From then on,
follow-up should be performed every 6 months
even if shorter intervals (i.e., 3 months) between
one and another examination may be required in
case of critical patients (Darcy 2012).
Furthermore, the success of radiological follow-
up also depends on the patients’ compliance to
attend such clinical investigations. US is
employed for the assessment of the liver’s anat-
omy as well as for the ruling out of nodular
lesions, but it is a valid method for the detection
of shunt malfunctioning and occlusion too (85—
100%  sensitivity;  96-100%  specificity)
(Kanterman et al. 1997).

The caliber of the portal vein and of the stent
graft should be measured for the evaluation,
respectively, of possible excessive ectasia or ste-
noses. Ultimately, the TIPS diameter, measured
on its proximal, middle, and distal tracts, is com-
pared to the nominal caliber of the endoprosthe-
sis’ design. Color Doppler US could give
information about the intra-TIPS blood flow and
the assessment of TIPS patency, in addition to
portal blood flow direction (Feldstein et al. 1996).



Hepatic Angiography and Vascular Interventional Radiology

The baseline portal vein blood flow speed
(Vinax 1020 cm/s) rises two- to fourfold after
the insertion of TIPS in the hepatic paren-
chyma. Therefore, in patients with TIPS, a por-
tal vein blood flow slower than 30 cm/s is
suspicious of TIPS malfunctioning, and a blood
flow speed lower than 20 cm/s is most likely
indicative of endoprosthesis stenosis (ZiZka
et al. 2000).

For ePTFE-covered stents, mean intra-TIPS
flow rates <90 cm/s or >250 cm/s have to be con-
sidered suggestive of TIPS malfunctioning and
hence worthy of further investigation (i.e., angio-
graphic revision), even if there are no cutoff val-
ues in literature.

Contrast-enhanced ultrasound (CEUS) allows
a direct evaluation of the TIPS patency and may
serve as a complementary tool to the otherwise
insufficient ultrasonographic investigation by
showing enhancement defects or even a total
absence of enhancement (Micol et al. 2012).
Thus, in the follow-up of patients with TIPS,
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CEUS could play a bridge role between Doppler
ultrasound examination and angiographic TIPS
revision (Figs. 8 and 9).

The contrast agent used for CEUS consists of
sulfur hexafluoride microbubbles stabilized by a
shell of phospholipids that allows a notable
increase of the ultrasound backscatter with or
without contrast medium flowing movement and
has the capability to entirely remain in the blood-
stream and not permeate into the extravascular
space.

The use of CEUS contrast agents has been
demonstrated to be safe with a very rare inci-
dence of side effects (Piscaglia and Bolondi
2006). There is no need for a laboratory workup
prior to the examination and it is enough to keep
the patient monitored for at least 15 min after the
contrast agent injection. Ultrasound contrast
agent administration is forbidden in patients
affected by allergy to sulfur hexafluoride or any
other component, cardiac right-to-left shunt,
severe pulmonary hypertension, uncontrollable

Fig. 8 Contrast-enhanced ultrasound well demonstrating stent patency (yellow arrow)
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Fig.9 Contrast-enhanced ultrasound showing stent occlusion (yellow arrow in a) then confirmed at TIPS revision (yel-
low arrow in b, DSA image)

Table 1 Main complications related to TIPS procedure

Complications Frequency (%)
Arterial injuries 2

Nontarget TIPS insertion Rare

Liver capsule transgression 33

Acute hepatic encephalopathy 5-35

Acute hepatic failure Rare

Early acute occlusion <5

Hernia incarceration 25

Infection 1

hypertension,  acute  respiratory  distress

syndrome, and severe cardiac disease that contra-
indicates the use of dobutamine.

Informed consent should always be obtained
before the use of ultrasound contrast agent as
well.

3.5.2 Complications

The complications can be technical (i.e., related
to the procedure), or resulting from the success-
ful realization of the shunt, or directly related to
the TIPS; the main conditions are listed in Table 1
(Gaba et al. 2011).

3.5.2.1 Arterial Injury

The accidental puncture of an arterial branch dur-
ing the procedure may lead to the development of
a fistula, which must be corrected by emboliza-
tion or covered stents to treat hemorrhage
(Fig. 10).

3.5.2.2 Acute Hepatic Failure

Hepatic parenchymal ischemia can occur due to
reduced sinusoidal flow and can be treated by
reducing the caliber of the stent (Fig. 11).

3.5.2.3 Portosystemic Hepatic
Encephalopathy (PHE)
The most common medical complication of TIPS
positioning is a higher incidence of PHE, a medi-
cal condition caused by an excess of toxins in the
central nervous system because of bypass of
bloodstream hepatic filter and characterized by
confusion, disorientation, obtundation, anomalous
sleep patterns, and a general compromised quality
of life (Riggio et al. 2008; Madoff et al. 2004).
Clinical classification of PHE, that may be
classified as episodic, recurrent, or persistent
according to its periodicity, is based on the West-
Haven criteria or Glasgow coma scale (GCS).
The main risk factors for the reoccurrence or new
outbreak of PHE are history of PHE, older age,
bigger shunt caliber, creatinine blood levels,
hyponatremia, and liver dysfunction. Such TIPS
complication may be prevented by aiming a
lower HVPG reduction, reaching a compromise
between portal hypertension decrease and control
of excessive blood shunting. Furthermore, treat-
ment of precipitating factors prior to TIPS
positioning assures a lower risk of PHE outbreak.
Medical prophylaxis foresees the administration
of lactulose, which causes ammonia to transform
into ammonium, excreted in stool.
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Fig. 11 Ischemia of the
VI hepatic segment and
part of the VII segment
after creation of TIPS

PHE has been encountered in up to 35% of
patients who underwent TIPS intervention, but
among these only 8% are refractory to medical
management; in this case a re-intervention to reduce
the flow of shunting blood could be necessary and
liver transplantation should be considered.

4 Portal Venous Embolization
(PVE)
4.1 Introduction

Surgery is nowadays the gold standard for radical
treatment in patients with primitive neoplastic or

metastatic liver disease. The available options are
liver transplant or resection. Because of the lim-
ited number of organs available, liver resection is
the most common procedure in the treatment of
neoplastic liver disease. In more than 45% of
patients extended liver surgery is needed to
achieve clear margins and liver ability to regener-
ate has allowed larger and larger resection.
However, the wider the resections the higher the
risk for the patient of liver insufficiency. This is
more pronounced in the early postoperative
period, with a mortality rate ranging from 3.2%
to 7% after major liver resections that reaches
32% in patients with cirrhosis (Broering et al.
2002).
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In order to support a rapid growth of the future
liver remnant (FLR) in 1965 portal vein ligation
was initially reported in humans as part of a two-
stage extended hepatectomy. In 1982 preoperative
portal vein embolization (PVE) was performed in
patients with cholangiocarcinoma, while the first
use of preoperative PVE for patients with hepato-
cellular carcinoma was reported in 1986 (Makuuchi
et al. 1990). The main aim of PVE is the complete
occlusion of the portal branches feeding the future
resected liver segments in order to induce hyper-
trophy of the FLR and atrophy of the embolized
liver parenchyma (Denys et al. 2010).

A further procedure is liver venous depriva-
tion (LVD). It consists in the simultaneous embo-
lization of right portal vein (RPV) and the right
and/or intermediate hepatic veins, in order to
increase the damage to the embolized liver lead-
ing to increased hypertrophy of the contralateral
parenchyma (Panaro et al. 2019).

Since its original description indications for
PVE have been expanded and now include any
primary or metastatic liver cancer requiring bet-
ter FLR prior to hepatectomy.

4.2 PVE and Surgical Portal Ligature
The effectiveness of right portal vein occlusion in
large hepatic resections is well known but it is still
unsure whether surgical portal ligation has to be
preferred over the interventional PVE, or vice versa.

In literature there are studies that proved that
PVE can reach a FLR growth between 10% and
46% after 2-8 weeks (Liu and Zhu 2009).
Similarly other studies found a growth of 38% in
8 weeks after surgical portal ligation (Aussilhou
et al. 2008). In conclusion there is still no evi-
dence that can help choose between interven-
tional and surgical treatment (Pandanaboyana
et al. 2015).

4.3 Technical Considerations
There are no absolute contraindications to PVE.

Relative contraindications are uncorrectable
coagulopathy, tumor invasion of the portal vein,
tumor precluding transhepatic access, biliary dil-
atation (pre-procedural positioning of a biliary
drainage is recommended in these cases), portal
hypertension, and renal failure.

Intravenous broad-spectrum antibiotic pro-
phylaxis is given on the day of the procedure to
minimize the possibilities of biliary sepsis.

Local anesthetic (1% lidocaine hydrochloride)
and intravenous sedatives are administered.

Ultrasonography is used to find the best route
to the portal venous system; it is recommended
not to pass through the tumor during the access in
order to avoid neoplastic seeding.

Under sterile conditions a 21-gauge needle is
used to enter the portal system by ultrasonic or
fluoroscopic guidance (Fig. 12).

Fig. 12 (a) Fluoroscopic guided access to portal system with a 21-gauge needle. (b) US-guided access to portal system
with a 21 Gauge needle
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Fig. 13 (a) Portography realized with a 5F catheter and a contralateral access. (b) Following portal embolization. (c)
Post-procedure portography confirming the effectiveness of the treatment

Fig. 14 (a) Portography performed with a 5 French catheter inserted with an ipsilateral access. (b) Mix of NBCA and
Lipiodol in the right lobe following PVE

The percutaneous procedure can be performed
using an ipsilateral or contralateral percutaneous
access.

The ipsilateral approach has the advantage
that it does not damage the FLR, but it is more
technically difficult because of the sharp angula-
tion encountered in cannulating portal branches.
It consists of the puncture of a peripheral right
portal vein and a 180° reverse-curved catheter to
embolize ipsilateral portal branches (Fig. 13).

The contralateral approach has the advantage
of cannulation without pronounced angulation
and allows a prograde delivering of embolic
agents and contrast; nonetheless it may injure the
FLR. In the contralateral approach the portal vein

of segment three is usually punctured as it is the
most anterior branch (Fig. 14).

In both cases at least 1 cm proximal to the
main portal vein should be left untouched, in
order to allow surgical control during the resec-
tion. Five-French materials are usually
recommended.

It has also been described a trans-ileocolic
approach that is now rarely used. It requires gen-
eral anesthesia and a surgical incision to extract a
portion of the ileum in order to cannulate an ileo-
colic vein.

A final portography must be performed to ver-
ify the correctness of the procedure, the complete
occlusion of targeted liver segments, and redistri-
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bution of flow to the FLR branches only.
Embolization has to involve the entire portal
branch with its distal ramification to prevent
porto-portal shunts (Denys et al. 2010; Liu and
Zhu 2009; Narula and Aloia 2017).

There are various embolic agents that can be
used but any large randomized study has ever
been performed to compare their efficacy; up-to-
date information is derived from small retrospec-
tive studies and expert opinion.

Two products are not recommended in PVE:
gelfoam because of the high rate of recanaliza-
tion and alcohol because of a significant post-
procedural morbidity (parenchymal necrosis and
venous thrombosis).

Recommended embolic agents are cyanoacry-
late and microspheres. N-butyl-cyanoacrylate
(NBCA) has been used mixed to lipiodol show-
ing good results and low morbidity. Spherical
microparticles are mostly used in North America
and are associated with coil embolization at the
end of the procedure; most teams start with 300—
500 pm particles followed by 700-900 pm
spheres (Denys et al. 2010).

4.4 Complications

CIRSE guidelines indicate a minor and major
post-procedural complication rate of less than
20-25% and 5%, respectively (Denys et al.
2010).

Puncture-related ~ complications  include
mechanical injuries to vessel, biliary structure,
and pleura (Narula and Aloia 2017). They are the
majority of complications, so that many authors
advice for the ipsilateral approach.

The most common complication of percuta-
neous transhepatic procedures is hemorrhage;
after PVE it occurs in 2-4% of patients. Bleeding
can present as subcapsular hematoma or hemo-
peritoneum and it can be immediate or delayed.
Bleeding sources include intercostal artery,
portal vein, hepatic vein, and hepatic artery.
Transarterial embolization can be an effective
treatment.

Biliary injuries are usually less common
because biliary puncture is rarer and it becomes

symptomatic less frequently. The main manifes-
tations are bile leak, which necessitate biliary
drainage, and hemobilia treated with emboliza-
tion of the underlying artero-biliary fistula.

Pneumothorax and hemothorax can also hap-
pen but they are rare.

Embolization-related injuries are non-targeted
embolization, portal vein thrombosis, liver
infarction, portal hypertension, post-embolization
syndrome, and recanalization (Narula and Aloia
2017).

Non-targeted embolization strongly depends
on the embolic materials. Especially for inexperi-
enced operators, liquid embolic materials can
flow distally and inadvertently embolize areas of
the FLR, forcing the surgeon to enlarge the resec-
tion (Fig. 15).

PVT is one of the most dangerous complica-
tions because it can cause acute liver failure and
jeopardize post-PVE surgery; immediate treat-
ment is mandatory (Yeom and Shin 2015).

Post-embolization syndrome includes minor
symptoms such as abdominal pain, fever, nausea,
and vomiting. It happens rarer than in arterial
embolization probably because PVE mainly acti-
vates apoptosis mechanism rather than ischemic
necrosis so inflammatory mediator release is
limited.

Half of the patients after PVE show little liver
enzyme alteration 3 days after the embolization
which returns to baseline after 7-10 days (Liu
and Zhu 2009).

Fig. 15 Radiopaque material in the left hepatic lobe in a
non-targeted PVE
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Complications are more frequent in patients
with chronic liver disease overall.

4.5 Outcome

The degree of hypertrophy and the time interval
through which it manifests after PVE have a great
variability among patients. In patients with a nor-
mal functioning liver the regeneration time is
about 2 weeks and it grows 12-21 cm?day.
Otherwise in patients with cirrhosis the growth is
limited to 9 cm*/day (Madoff et al. 2002).

There are several factors that inhibit FLR
growth, such as pre-procedural chemotherapy,
high bilirubin levels, and diabetes mellitus.

The risk of neoplastic progression after PVE
is still under debate. Several studies report a risk
of neoplastic progression of 25% during the
period the FLR growth is expected (Hoekstra
et al. 2012). Some patients with liver metastasis
from colon-rectal cancer had a pre-procedural
chemotherapy, because literature reports that the
risk of disease progression is low if the time
between the end of chemotherapy and PVE is
short (Simoneau et al. 2015).

Regarding the two-stage hepatectomy (resec-
tion of the lesions in the FLR followed by PVE
and subsequently by the resection of the contra-
lateral neoplastic lobe) the survival rate at 5 years
is between 51% and 32% with a median survival
time of 39.6 months (Brouquet et al. 2011; Narita
etal. 2011).

5 Posttransplant Vascular
Complications
5.1 Introduction

Vascular complications (VCs) following ortho-
topic liver transplantation (OLTX) are linked to
a high incidence of both graft loss and
mortality.

After the transplant the hepatic artery becomes
the primary blood supply to the graft and the only
one to the biliary tree; although liver parenchyma

is partially supplied by the portal vein, the
absence of hepatic arterial flow (possible native
collaterals are lost) can lead to acute graft isch-
emia and biliary tree complications.

For this reason it is really important to have a
good timing of diagnosis and to perform the best
therapeutic management in order to improve the
outcomes of liver allograft recipients.

In a recent review the overall incidence of
VCs in adult patients was quite different among
different centers (Piardi et al. 2016). However, it
is around 7% in deceased donor liver
transplantation and around 13% in case of living
donor liver transplant.

In order to detect complications correlated
with OLTX, physicians should perform careful
surveillance with US and, in particular to detect
VCs, using color and Doppler mode.

Once a suspected VC is recognized, it must be
evaluated with second-level imaging examina-
tions, as CT angiography or angiography. In case
of confirmation of VCs it has to be managed
promptly.

While in the past the surgical treatment was
considered the first approach towards these com-
plications, nowadays the advances in endovascu-
lar intervention have increased and made it a
viable therapeutic option.

With regard to the type and entity of VCs, we
can perform surgical revascularization, retrans-
plantation, percutaneous transluminal angio-
plasty with or without stenting, intra-arterial
thrombolysis, embolization, or conservative
approach (Chen et al. 2014).

In this text, for the sake of simplicity, we will
distinguish the VCs that regard the blood inflow
from the ones that regard the blood outflow.
Kinking or sudden bleeding, stenosis, and throm-
bosis can arise at any of the vascular anastomoses,
although with a different rate: arterial complica-
tions are the most common (overall incidence
5-10%), accounting for more than 50%, VCs
after OLTx, while both portal and caval venous
complications are less frequent (in both cases
overall incidence about 2%) (Piardi et al. 2016).

The knowledge of postoperative anatomy is
the key to assess the best management.
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OLTx involves four anastomotic sites, each
with specific VCs:

» Hepatic artery anastomosis: conduits or jump
grafts or end-to-end anastomosis, typically
end-to-end hepatic artery anastomosis

e Portal vein anastomosis: commonly end-to-
end recipient portal vein to donor portal vein
anastomosis

» Hepatic veins/inferior vena cava anastomosis:
piggyback reconstruction, interposition; caval
anastomosis for whole grafts; end-to-end
anastomosis between the graft hepatic venous
outflow and the recipient hepatic veins (split
graft)

e Common bile duct anastomosis

5.2 Arterial Complications
A transplanted liver maintains a dual-inflow
blood supply as a native one, portal and arterial,
but after OLTx, the arterial blood gives a major
contribution to the irroration of the hepatic graft,
perfusing both liver parenchyma and biliary tree.

It is important to remember that in an OLTx
recipient there are no arterial collateral vessels
(which could prevent liver parenchymal ischemia
during a hepatic artery occlusion) due to total
hepatectomy, and if arterial inflow is reduced, the
allograft may survive only if new arterial collat-
erals have developed due to insufficient portal
inflow (Panaro et al. 2011). Arterial collaterals
can develop as early as within 2 weeks.

The hepatic artery complications following
OLTXx are:

e Thrombosis

e Stenosis

e Pseudoaneurysm and rupture
* Splenic steal syndrome

Furthermore, although the definition of early
and late complications is a problem, in this text
complications will be classified in this way: early,
with maximum onset within 1 month of trans-
plant, and late, with onset more than 1 month
after transplant.

We would like to underline the importance of
early complications, because they are associated
with higher graft loss and mortality rates.

5.2.1 Hepatic Artery Thrombosis

(HAT)

HAT is defined as a complete thrombotic occlu-
sion of the hepatic artery and it represents the
most frequent and severe VCs following OLTX.

HAT is the second leading cause of graft loss
after primary nonfunction (Meek et al. 2018).

In a systematic review a HAT overall inci-
dence of 4.4% was reported after OLTx. In adults,
the incidence of HAT was 2.9% (Bekker et al.
2009). Late HAT is less prevalent, counting for
less than 2% of cases.

HAT can be classified in early HAT and late
HAT, each one characterized by different clinical
expressions, depending on the timing of the onset
and on the existence of arterial collateral
vessels.

While early HAT has an acute presentation
with variable but severe clinical course (from an
elevation in liver enzyme to ischemic biliary
necrosis, primary dysfunction, and graft loss),
late HAT, due to existence of collaterals, is usu-
ally less serious with 15-23% mortality rate and
the majority of patients are asymptomatic or can
present biliary complications (Nikeghbalian et al.
2007; Stange et al. 2003; Gunsar et al. 2003).

Most patients with early HAT presented acute
fulminant hepatic failure (30%). In most cases,
they undergo a retransplant (81%) (Pareja et al.
2010).

Up to 20% of HAT cases are probably due to
surgical technical problems in the arterial anasto-
mosis (such as technical imperfections, kinking,
stenotic anastomosis). There are many other
causes, often unacknowledged, as the median
arcuate ligament celiac artery compression,
which discussion is beyond the purpose of this
chapter.

5.2.1.1 Diagnosis
Early diagnosis is pivotal to treat the complica-
tion and to try to prevent graft loss.

During allograft recipient follow-up it is man-
datory to recognize patients with abnormal bio-
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logical findings and/or  morphological
(ultrasonography) exams suggestive of HAT.

Doppler US is the gold standard for screening
protocols (Vaidya et al. 2007).

Abdominal contrast-enhanced computed
tomography (CT) angiography or DSA usually
allows to confirm the diagnosis: in particular,
DSA may detect predisposing anatomical anom-
alies and allow therapeutic management at the
same time.

US diagnosis of hepatic artery thrombosis is
based on the absence of Doppler arterial signal at
the hilus as well as in the intrahepatic arterial
branches.

In 2010 Pareja et al. established a screening
protocol for early HAT: Doppler US within 48 h
after OLTx and 7 days later. If this was not con-
clusive, they performed CEUS or CT. There are
many other ultrasound protocols suggested in the
literature (Murata et al. 2016).

Once diagnosis of HAT has been confirmed,
arteriography or a retransplantation, depending
on the degree of liver graft damage, must be
performed.

In HAT follow-up, collaterals can be identi-
fied during angiography examination as early as
2 weeks after OLTX.

After the first month, considering that intimal
hyperplasia can induce progressive hepatic artery

stenosis and secondary late HAT, a yearly
Doppler US assessment should be performed.

5.2.1.2 Therapeutic Management

and Prognosis

In general, the therapeutic options for manage-
ment of HAT are revascularization (surgical or
endovascular), retransplantation, and observation
(20% of cases).

Traditional percutaneous endovascular revas-
cularization includes intra-arterial thrombolysis
(IAT), percutaneous transluminal angioplasty
(PTA), and stent placement.

Endoluminal success is defined as the com-
plete resolution of the thrombus without residual
thrombus or arterial anatomic defects that reduce
the arterial diameter lumen more than 50% (Saad
et al. 2007) (Fig. 16).

Murata et al. reported an overall technical suc-
cess with endovascular treatment of 77.8%
(Murata et al. 2016).

Even if efficacy (around 50% in literature) and
safety of thrombolytic treatment are proven, also
with different drugs (urokinase, streptokinase,
alteplase) and doses, there are no currently spe-
cific guidelines for thrombolytic therapy.
Furthermore, considering that anatomic defects
can lead to rethrombosis, IAT should be associ-
ated with underlying anatomic defect treatment if

Fig. 16 Direct anastomosis of the donor hepatic artery to
the supraceliac aorta with extension graft. Supraceliac
arterial graft occlusion. (a) Contrast-enhanced CT, axial
scan, arterial phase. Extensive peri-anastomotic stenosis
of arterial inflow; intraparenchymal arterial branches were
patent. (b) DSA confirmed graft occlusion; hepatic artery

and its intraparenchymal branches are not displayed. (c)
Intra-arterial thrombolysis was performed and partial
patency of arterial graft was restored (not complete endo-
luminal success). There is a residual discrepancy between
donor and recipient hepatic arteries with persistent filling
defects
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Fig. 17 (a) Digital subtraction angiography (DSA)
shows celiac trunk stenosis and complete occlusion of left
hepatic artery; right hepatic artery is patent but of narrow
caliber. (b) After balloon angioplasty (PTA) and stent
placement in celiac trunk and intra-arterial thrombolysis

present: association of IAT with PTA and/or
stenting showed better efficacy and survival rates
when compared to IAT alone (Zhang et al. 2017)
(Fig. 17).

In Zhou et al’s experience, early diagnosis
and treatment of HAT are very important for suc-
cessful  revascularization by thrombolysis
because urokinase therapy is more effective when
the clots are fresh. In the same study the quantity
of urokinase used in patients with HAT was as
much as 950,000 units to nine million units (Zhou
et al. 2005).

Dose and timing of IAT may vary; Zhou et al.
recommend the administration of a 100,000—
250,000 IU bolus, followed by a second infusion
of 250,000-750,000 IU 30 min later in case of
unsatisfactory result. After this, a continuous per-
fusion of 50,000-100,000 Ul/h is administered
for 12-24 h. During the treatment, at least every
12 h, a DSA imaging is performed.

The catheter sheath should be maintained for
2-3 days after initial recanalization of the hepatic
artery so that thrombus recurrence can be detected
and rethrombolysis can be performed immediately.

Thrombolysis is stopped if no significant dif-
ferences during monitoring or if bleeding com-
plications occur.

and PTA in hepatic artery main branches, DSA shows
optimal results (good caliber of celiac trunk, left hepatic
artery patent, and minimal residual stenosis of right
hepatic artery) with improved hepatic arterial inflow

Finally, some patients could survive without
revascularization or retransplantation. Fouzas
et al. (2012) described how these patients with
hepatic artery thrombosis can develop arterial
collaterals, which maintain adequate blood
inflow and allow conservative treatment (Fig. 18).

Based on the relative lack of utility of revascu-
larization of late HAT and the contraindication to
early postoperative thrombolysis, Saad et al. pro-
posed that the clinical utility window of IAT
should be from 1-3 weeks to 1-3 months post-
transplantation, unless there are contraindica-
tions (Saad et al. 2007).

Despite encouraging results of endovascular
interventions, the efficacy and risk of complica-
tions (mainly represented by hemorrhage risk)
make this therapeutic option still controversial.
Moreover, in some cases, endovascular approach
is not conclusive and anastomotic revision and
retransplantation are necessary.

In a meta-analysis of 2009 HAT was a major
cause of graft loss (53.1%) and mortality (33.3%)
in the early postoperative period (Bekker et al.
2009).

The main complication of thrombolysis is
anastomotic and intra-abdominal bleeding (about
20% of cases in literature). More safer and effec-
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Fig. 18 (a) Celiac axis DSA shows complete occlusion
of the proper hepatic artery; left gastric artery is patent
and hypertrophic, with hepatic collaterals. (b) Same

tive therapy can be obtained if the infusion cath-
eter is placed inside the thrombus (Figueras et al.
1995). Furthermore selective thrombolysis has
several advantages, such as a smaller thrombo-
lytic dose and a highly localized concentration
with a little influence on systemic coagulation.

The complications of PTA include thrombo-
sis, vascular dissection, pseudoaneurysm, and
arterial rupture with arterial bleeding (up to 5%
of cases).

In recent years the use of Penumbra System
(PS; Penumbra, Alameda, Calif) has been
described to perform thromboaspiration of
thrombi in the hepatic artery of patients with high
risk of thrombus fragmentation-distal emboliza-
tion and bleeding (Gandini et al. 2016).

Meek et al. tried to treat HAT using a mechan-
ical endovascular approach, a stent retriever
device for revascularization (Meek et al. 2018).

5.2.2 Hepatic Artery Stenosis (HAS)

HAS following OLTx can be defined as a narrow-
ing of the hepatic artery diameter, more or less
extended along the vessel; significant HAS is
defined on angiography as a narrowing of the
hepatic artery diameter greater than 50% (Saad
et al. 2005).

patient, superior mesenteric artery (SMA) angiogram:
hypertrophic peripancreatic arcades provide collaterals
from the SMA to the intraparenchymal hepatic artery

HAS occurs from 2% to 13% of transplants
(Piardi et al. 2016). It was assumed that HAS can
progress to HAT considering that HAS and HAT are
part of the same contiguous ischemic spectrum.

Similar to HAT, HAS may be divided into two
groups: early HAS and late HAS. Chen et al.
reported an overall HAS incidence of 2.8%, with
an early HAS incidence of 40% vs. a late HAS
incidence of 60% (Chen et al. 2009).

In several studies, up to 60% of the cases HAS
occur at the level of the hepatic artery anastomo-
sis (Fig. 19).

Patients with HAT can show a variable symp-
tomatology, ranging from normal liver function
to transplant failure secondary to ischemia or
necrosis; most commonly, they only present with
abnormal liver function tests; for this reason,
most HAS are detected during routine Doppler
US screening.

5.2.2.1 Diagnosis
Doppler US efficiency in the early diagnosis of
HAS has been reported in several studies.

Dodd III et al. criteria for HAS diagnosis consist
of a tardus parvus waveform: resistive index (RI)
less than 0.5, systolic acceleration time (SAT)
greater than 0.08 s, and peak systolic velocity (PSV)
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Fig. 19 DSA shows a focal >70% narrowing and kink-
ing of the hepatic artery. Surgical arterial anastomotic
revision was performed

greater than 200 cm/s (Dodd III et al. 1994).
Intrahepatic arterial branches have to be visualized.

To exclude HAT with the development of col-
lateral vessels, that shows a dampening of the sys-
tolic peak with normal RI, similar to tardus parvus
waveform, it is necessary to detect a focal postste-
notic systolic peak velocity greater than 200 cm/s,
diagnostic for hepatic artery stenosis (Zheng et al.
2017; Hom et al. 2006).

With regard to the many questionable cases and
considering that measuring the acceleration time is
hard and imprecise, arterial RI should be used
solely as a screening method for detecting abnor-
mality of arterial flow and further imaging meth-
ods such as contrast-enhancement CT angiography
and standard angiography are used to confirm the
diagnosis. Conventional angiography is the gold
standard for HAS diagnosis (Frongillo et al. 2013).

5.2.2.2 Therapeutic Management

and Prognosis
The therapeutic management of HAS includes
surgical revision, retransplant, or percutaneous
endovascular interventions (PTA with or without
stent placement).

A. Pauro et al.

Endovascular treatment success has been
defined by luminal restoration with 30% residual
stenosis and without consequences such as dis-
section (rate limiting or not) or arterial leaks/rup-
ture (Saad et al. 2005).

It is demonstrated that early HAS manage-
ment with PTA has 6-month HAT rate of 19%,
compared to HAT rate of 65% in untreated
patients with HAS.

Similar to Abbasoglu et al. (1997), Saad
et al. (2005) reported 81% successful PTA
treatment of significant HAS, with incidence of
immediate complications (dissection and arte-
rial rupture) around 7% and of delayed compli-
cations (HAT) within 30 days of PTA occurring
in 5% of cases.

Different rates of restenosis have been reported
in literature, from no restenosis to rates as high as
75%. 1t is been proved that repeated endovascular
treatment of recurring HAS improves the rate of
success (Sommacale et al. 2013).

Ueno et al. (2006) documented that hepatic
artery stent placement is feasible and shows low
complication rate.

Stent placement has been employed when
there was >30% residual stenosis or when a flow-
limiting dissection was present.

Saad et al. (2005 and 2007) reported that
restenosis after a stent placement occurred later
than after angioplasty alone (Fig. 20).

Prompt early diagnosis of HAS and percuta-
neous endovascular revascularization are usually
successful with long-term graft and patient sur-
vival, in particular if stenosis is not associated
with biliary complications.

The reported risk of procedural complications
after endovascular treatment of HAS is quite
variable, ranging from 0% to 23% in the
literature.

In pediatric patients stent placement is recom-
mended only if angioplasty fails or if other
procedure-related VCs occur (hepatic artery dis-
section or rupture) because its long-term patency
is not known and a possible retransplantation has
to be taken into account considering the patient’s
age (Miraglia et al. 2009).
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Fig.20 (a) Celiac axis DSA shows patent arterial anasto-
mosis between the recipient’s celiac trunk and donor’s
superior mesenteric artery (SMA); the right hepatic artery
arises from SMA in donor and after OLTX, in recipient, its

5.2.3 Hepatic Artery

Pseudoaneurysm (HAP)
HAP is defined as a pulsating, encapsulated hema-
toma in communication with the lumen of a rup-
tured vessel (Sueyoshi et al. 2005): blood leaks
through the artery wall and it pools outside of it.

There is a persistent communication between
the hepatic artery, patent, and resultant perfused
sac; it is contained by the media or adventitia or
simply by soft-tissue structures surrounding the
injured vessel (Saad et al. 2005).

Post-OLTx HAPs are classified as intra- or
extrahepatic; while intrahepatic ones are
uncommon and secondary to percutaneous tran-
shepatic interventions, extrahepatic HAPs are
more common (69-100% of post-OLTx HAP)
and usually due to local infection, from both bac-
terial and fungal organisms, in anastomotic site.

Additionally, HAPs have been described sec-
ondary to salvage procedures related to throm-
bolysis and angioplasty for hepatic artery
(Fistouris et al. 2006).

The clinical presentation is not specific: from
asymptomatic state to abdominal pain with fever,
and from self-limiting hemobilia to hemorrhagic
shock.

caliber is narrow in the origin site. (b) Post-balloon angio-
plasty (PTA) and stent placement DSA shows suboptimal
results with residual <30% stenosis and improved arterial
hepatic inflow

5.2.3.1 Diagnosis

The diagnosis of HAP is made by Doppler US,
contrast-enhanced CT angiography, or DSA, but
almost 50% of HAP is not recognized before rup-
ture (Volpin et al. 2014).

5.2.3.2 Therapeutic Management

and Prognosis
The management of HAP can be carried out by a
surgical team (mainly hepatic artery ligation) or
an interventional radiologist.

Hepatic artery ligation mortality rate is quite
variable: from high mortality rate of 60% to
35%.

There are only few case reports of patients
treated with endovascular approach because of
the low incidence of this VC. Different tech-
niques are available: intentional occlusive embo-
lization (in order to produce an intentional
thrombosis of the hepatic artery to stop bleeding
without preserving arterial inflow) and bare
stents and covered stents. Selective embolization
(in order to perform an intentional thrombosis of
the pseudoaneurysm with preservation of the
arterial inflow) is usually reserved for intrahe-
patic HAP.
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The use of coil has been reported to embolize
the hepatic artery and the HAP exclusion with a
covered stent inserted into the hepatic artery.

Embolization can lead to subsequent graft
ischemia. Furthermore, a large percentage of
these pseudoaneurysms are mycotic, and a stent
graft may become an infectious nidus, reducing
the survival of the graft.

Detecting HAP before rupture should improve
outcome, with 100% successful therapy; from
this perspective, it seems legit in the early man-
agement of HAP to perform prompt percutane-
ous endovascular approach, to take time and
stabilize patients. Surgical intervention is an
option if endovascular management has failed or
once patients are stabilized (Piardi et al. 2016).

5.2.4 Hepatic Artery Rupture (HAR)
HAR is defined as a severe hemorrhage from the
trunk or from a main branch of the hepatic artery,
resulting in the absence of the arterial blood sup-
ply of the graft.

Clinical presentation is always sudden hemor-
rhage: hemoperitoneum, gastrointestinal bleed-
ing, hematoma, and hemobilia.
5.2.4.1 Therapeutic Management
and Prognosis
It is usually a complication of HAP or of its treat-
ment; it requires an aggressive treatment, usually
emergency major surgery: anastomotic revision,
aorto-hepatic grafting, hepatic artery ligation, or
emergency/elective retransplantation.

However, some endovascular possibilities are
available. Goldsmith et al. (2017) placed a bare-
metal self-expanding stent and did a prolonged
balloon tamponade; if this treatment was not suc-
cessful they used a covered balloon-expandable
coronary stents (2.5-3.5 mm) off-label.

Other options for treating active extravasation
include embolization of the hepatic artery when
low-profile covered stents are not available or
cannot be delivered to the site of vessel injury.

Anyway, the reported mortality rate for endo-
vascular management is high.

Kim et al. (2004) underlined that endovas-
cular treatment of hepatic artery rupture is not

always feasible, listing some critical points in
this kind of approach, in particular the diffi-
culty of superselective catheterization of bleed-
ing arteries.

5.2.5 Arterial Steal Syndromes

The arterial steal syndromes, currently diagnosed
on DSA, are characterized by low arterial flow
towards the graft caused by a shift of flow into an
enlarged splenic artery (splenic artery steal syn-
drome, the most frequent) or into the
gastroduodenal artery (gastroduodenal artery
steal syndrome). Overall incidence is 4.7%.

On Doppler US, there is a high RI of the
hepatic artery with absent diastolic flow.

DSA is required for the diagnosis: slow
hepatic artery flow as opposed to splenic artery
flow in the absence of significant hepatic artery
anatomical defects, often associated with large
caliber of the splenic artery with earlier preferen-
tial splenic parenchymal perfusion compared to
the liver (Niissler et al. 2003).

Endovascular proximal splenic artery emboli-
zation is currently considered the best approach
towards this syndrome; it can reverse flow abnor-
malities and improve liver function tests in most
cases. Coil embolization of the splenic artery has
been reported to be safe and effective.

Common complications of splenic artery
embolization include splenic infarction, abscess
formation, and sepsis (Zhu et al. 2011).

5.2.6 Non-hepatic Arterial Bleeding
OLTx is often associated with abdominal bleed-
ing, especially during early postoperative period.
A study reported a 9% overall incidence of post-
operative abdominal bleeding within 1 month
(Jung et al. 2012).

The most frequent non-hepatic arterial bleed-
ing sites are the inferior phrenic arteries (the right
ones are especially important because they can
act as extrahepatic collateral vessels), the right
and left epigastric arteries, and the intercostal
arteries.

The treatment of the rupture of these vessels is
performed mainly by transarterial embolization
with microcoils.
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5.3 Venous Complications

Venous VC linked to OLTx overall incidence is
less than 3%, quite lower than arterial VCs
(Pawlak et al. 2003; Pérez-Saborido et al. 2011).

Like arterial VCs, they represent an important
cause of morbidity and mortality after OLTX,
especially if they occur in the early postoperative
period (Woo et al. 2007).

Furthermore, the dramatic nature of these
complications lies in its higher incidence in pedi-
atric transplants than in adult transplants
(Orlandini et al. 2014).

Venous VCs after OLTx shall include portal
(thrombosis and stenosis) and caval (thrombosis,
stenosis, and kinking) problems.

As arterial VCs, they can be distinguished in
early or late complications.

Currently, a vast majority of authors agree on
endovascular intervention management of venous
complications considering the good outcomes.

5.4 Portal Vein Complications

The incidence of portal vein complications after
liver transplantation is low, ranging from 1% to
3% of patients. These complications are more
common with split liver and also in pediatric
transplantation.

5.4.1 Portal Vein Thrombosis (PVT)

The incidence of PVT following OLTx is between
0.3% and 2.6% (Piardi et al. 2016), occurring
more frequently within 3 months after transplant
(Kyoden et al. 2008).

Similar to HAT, the clinical presentation
depends on the timing of thrombosis and portal
hypertension development: when it occurs early,
there is a severe acute liver insufficiency with
graft failure; meanwhile if it occurs later, porto-
caval collateral circulation could exist and the
clinical course will be mild (abdominal pain and/
or elevated liver enzymes).

The most common causes of PVT are techni-
cal surgical errors related to venous redundancy
and kinking and/or stenosis of the anastomosis.
Other reported risk factors exist, such as early

PVT caused by coronary vein steal after OLTX,
but their discussion is beyond the aims of this
chapter (Koo et al. 2008).

PVT has been associated with technical surgi-
cal problems, discrepancy between donor and
recipient calibers, and hypercoagulability state;
furthermore it can occur also in the case of ele-
vated downstream flow resistance, such as in
inferior vena cava stricture, or low portal inflow,
related to arterial steal syndromes (see below)
(Girometti et al. 2014).

5.4.1.1 Diagnosis
Portal VCs are usually detected by Doppler
US or CEUS.

Doppler US is the most used examination: it
should document the absence of flow in the main
extrahepatic trunk, with or without definite delin-
eation of an intraluminal echogenic thrombus on
B-mode. There is not a specific protocol, but it is
recommended to perform a daily evaluation of
the main liver vessels.

Recently the use of CEUS has been proposed
to avoid frequent false-positive results after pre-
liminary Doppler US (Lee et al. 2013).

Furthermore, contrast-enhanced CT or
contrast-enhanced MR should be used in patients
who have been diagnosed with PVT by US to
achieve a detailed characterization (collateral
mapping, detection of local factors, and compli-
cations) (Rodrigues et al. 2017).

The invasive angiographic approach is
reserved for the cases with uncertain diagnosis on
noninvasive imaging and it is used when an endo-
vascular treatment could be performed. On por-
tography, stenosis is considered hemodynamically
significant when the prestenotic/poststenotic
pressure gradient is >5 mmHg.

5.4.1.2 Therapeutic Management

and Prognosis

The Yerdel classification system of PVT is
based on partial or complete obstruction of the
lumen and extension into the splenic vein or
superior mesenteric vein (SMV) (Yerdel et al.
2000). The approach to surgical management
and portal vein reconstruction is dictated by the
grade of PVT.
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Conservative management with anticoagula-
tion (vitamin K antagonists or heparins) is the
current mainstay of treatment of PVT, getting
thrombosis and secondary complications under
control.

Kaneko et al. (2003) described a case of an
OLTx recipient treated conservatively with anti-
coagulation after an early diagnosis of PVT.

However PVT remains a life-threatening event
associated with a high rate of graft loss or death
and in patients not responding to anticoagulation
(with thrombus extension or worsening symp-
toms) an alternative approach should be
considered.

If in the past the first choice of treatment of
PVT was the surgical approach, through throm-
bectomy, anastomosis revision, or retransplanta-
tion, currently, except early PVT, percutaneous
endovascular procedures are the first-line treat-
ment for PVT following OLTx, and the portal
VCs in general.

These include percutaneous thrombolytic
therapy, transhepatic portal vein angioplasty with
or without stent placement, and thrombectomy
(Chamarthy et al. 2016).

Percutaneous thrombolysis involves adminis-
tration of low-dose thrombolytic agents close to
the clot; it can be direct using transhepatic, trans-
splenic, and transjugular intrahepatic portal
venous accesses or indirect when thrombolytic
drugs are administered into the superior mesen-
teric artery.

Transjugular intrahepatic puncture is the most
used approach in PVT and it is usually followed
by TIPS to enhance venous outflow (Saad 2012).

Another advantage of the TIPS approach is
that it may reduce the risk of intraperitoneal
bleeding.

The main complications of endovascular
thrombolytic therapy are risk of vessel injury,
re-thrombosis, and pulmonary embolism and
bradycardia if performed after creation of
TIPS.

While the disadvantages of TIPS approach
are that it takes longer, has more complications,
and may need anesthesia, the percutaneous
direct approach may have an increased bleeding
risk.

Endovascular thrombectomy requires
mechanical thrombus fragmentation by means of
pigtail catheter, balloons, or dedicated devices
(balloon thrombectomy, rheolytic thrombectomy,
and suction thrombectomy) (Seedial et al. 2018).

The fragmented thrombus should be aspired
using an aspiration catheter or a thrombectomy
device (Uflacker 2003).

This method is mainly used in patients with
contraindications to thrombolytic agents, but it
may be associated with thrombolysis: the main
reason of thrombolysis failure is the size of the
thrombus and fragmentation facilitates the action
of thrombolytic agents. In addition, thrombolysis
dissolves the smaller thrombi not targetable by
mechanical actions.

Percutaneous thrombectomy can also be per-
formed through the TIPS by pulling a Fogarty
catheter from the portal vein and into the IVC
(Saad 2012).

Balloon angioplasty with or without stenting
is meaningful in case of residual or refractory
thrombosis of previous thrombolysis/thrombec-
tomy because it can treat the underlying causes of
PVT,; it increases luminal gain, helps to decrease
the risk of recurrent thrombosis, and removes any
residual thrombus (Baccarani et al. 2001).

Moreover, initial angioplasty and/or stenting
can help to restore the patency of the portal vein
without prolonged thrombolysis and it reduces
the risk of intrahepatic embolism that might
occur during a thrombectomy or thrombolytic
procedure (Adani et al. 2007).

The risks of this management are the suture
dehiscence during angioplasty, the long-term
patency rate being not excellent, and the interfer-
ence of the stent with future surgical treatment.

To summarize, according to the time of onset
of thrombosis, the management is different:

e Complete PVT within the first 48 h post-
OLTx: surgical approach is mandatory (revi-
sion of the anastomosis or retransplantation).

e PVT at 48 h and within 30 days post-OLTx
(early PVT): primarily endovascular approach,
regardless of complete or partial PVT.

e Later than 30 days (late PVT): management
depends on clinical course; if liver function
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tests are normal, observation may be justified
(there is the development of hepatoportal col-
laterals), while if PVT is symptomatic it
should be treated with percutaneous or surgi-
cal approach. In particular, if liver function
exams are stable and the intrahepatic portal
vein is patent due to cavernous transforma-
tion, a conservative management is to be con-
sidered (Shibata et al. 2005).

PVT is associated with poor survival without
treatment, whereas the success rate with differ-
ent endovascular methods ranges from 68% to
100% with mortality and morbidity rates of 0%
and 11%, respectively (Cavallari et al. 2001).

Durham et al. (1994) reported that technical
success is probably around 55-70% and the mid- to
long-term patency is probably as high as 50-60%.

5.4.2 Portal Vein Stenosis (PVS)

PVS is a rare vascular complication, with inci-
dence rate reported to be less than 3% (Woo et al.
2007).

If treated late, it could lead to portal hyperten-
sion and its corollary signs, up to graft
dysfunction.

In the past, surgical treatments have been con-
sidered the standard for PVS; recently percutane-
ous endovascular management has become
established due to its minimal invasiveness and
low complication and high success rates (Vignali
et al. 2004).

Early PVS evolves into an early thrombosis if
not treated promptly.

Most patients with PVS are asymptomatic;
when symptomatic they may show signs of portal
hypertension (gastroesophageal varices, ascites,
and splenomegaly). Abnormal liver function tests
are not constant.

Similar to PVT, the main risk factors of PVS
are surgical technical complications: in children
with split OLTx and living-donor liver graft there
are a relatively short donor portal vein segment
and usually a mismatched diameter between
native portal vein segment and donors’ one.

Other predisposing factors for portal compli-
cations are preexisting thrombosis and large por-
tocaval collaterals.

Late PVS may have different etiologies and be
secondary to fibrosis or intimal hyperplasia.

5.4.2.1 Diagnosis

Doppler US is the first examination to screen for
VCs, but definite and objective criteria for PVS
do not exist (Piardi et al. 2016).

The PVS criteria for diagnosis include nar-
rowing portal caliber, abnormal velocities at
the anastomotic site (PSV greater than
125 cm/s; anastomotic to preanastomotic seg-
ment PSV rate greater than 3:1), and scarcity
of flow of the intrahepatic portal vein. If find-
ings are suggestive of PVS, contrast-enhanced
CT should be performed to confirm the diagno-
sis (more than 50% narrowing of the main por-
tal venous diameter with or without poststenotic
dilatation).

Contrast-enhanced CT or MRI angiography
could also be used to detect a focal stenosis
because it is hard to investigate by Doppler US.

When a patient is asymptomatic, indirect por-
tography is an option to detect a PVS; percutane-
ous transhepatic portography is performed when
the measurement of portal pressure gradients is
required. Criteria for diagnosing PVS are steno-
sis more than 50% of the main portal venous
diameter and a pressure gradient across the ste-
nosis >5 mmHg.

Although a pre-post-anastomotic pressure
gradient >5 mmHg has been considered diag-
nostic of PVS, there are no standard criteria to
define a pressure gradient as significant. Park
et al. showed that trans-stenotic pressure gradi-
ent does not appear to be directly related to the
clinical and therapeutic results (Park et al.
2005).

If PVS is suspected, operative therapeutic
management is necessary to prevent PVT and
other complications. Some authors recommend
the use of anticoagulant therapy for the preven-
tion of recurrent PVT (Sanada et al. 2010).

5.4.2.2 Therapeutic Management

and Prognosis
As in arterial VCs, classically and especially in
very early portal VCs, surgical treatment (anasto-
motic revision or retransplantation) was usually
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performed, while nowadays interventional radi-
ology is the first-line treatment for PVS follow-
ing OLTX.

The approach can be transhepatic or transjug-
ular, and unlike in PVT the most used is the first
one (Glanemann et al. 2001).

In case of asymptomatic patients with PVS
diagnosis and normal hepatic function test, man-
agement may be conservative and an appropriate
follow-up is normally sufficient (Kaneko et al.
2003).

Percutaneous treatment includes balloon
angioplasty with or without stent placement, or
primary stent placement (Ko et al. 2007).

Technical success of the procedure was
defined as <30% residual stenosis at portography
with the absence of varices or collateral circula-
tion (Park et al. 2005).

Shibata et al. (2005) reported that a single-
balloon dilatation was sufficient to maintain por-
tal vein patency with relative low recurrence rate
(28.6%); similar results have been experienced
by Park and colleagues.

Stents have usually been used to treat
recurrent and elastic portal venous stenosis
following balloon angioplasty. Majority early
PVS is secondary to technical factors (tight
suture line, discrepancy of the PV size) that
does not benefit from balloon angioplasty
alone.

Ko et al. (2007) performed primary stent
placement rather than balloon angioplasty with
positive technical and clinical outcome in almost
78% of patients.

Wei et al. (2009) performed first balloon
angioplasty and then placed a balloon-
expandable metallic stent in order to reduce the
incidence “jump forward” of the stent (the most
common displacement during stent deploy-
ment), achieving promising results although
PVT or stent-edge stenosis may occur.

It seems reasonable that angioplasty with
stenting can restore the normal portal flow once
and for all, reducing the number of procedure-
related complications, especially in PVS with
fibrosis or intimal hyperplasia etiology (most late
PVS).

5.5 Caval Complications

Hepatic blood outflow obstruction following
OLTx is mainly related to VCs in caval anasto-
mosis site, i.e., kinking, stenosis, or thrombosis
of inferior vena cava or hepatic veins.

These VCs are relatively uncommon, with a
reported incidence of less than 2% (Zhang et al.
2017).

Hepatic vein stenosis is more likely to occur
after living-related transplants because the pres-
ervation of the recipient IVC with the piggyback
technique has been associated with an increased
risk of thrombosis or stenosis.

Clinical course of hepatic vein occlusion may
vary from mildly abnormal liver function tests to
an acute Budd-Chiari syndrome with abdominal
pain, ascites, and hepatomegaly, or from lower
limb edema and pericardial and pleural effusion
to hypotension leading to allograft loss and mul-
tiorgan failure.

Almost 20% of patients are asymptomatic
because chronic hepatic venous obstruction is
associated with intrahepatic and portosystemic
collateral vessels.

Usually, technical factors lead to venous
obstruction in the early postoperative period,
whereas the delayed presentation may be related
to intimal hyperplasia, perivascular fibrosis, or
extrinsic caval compression (Darcy 2007).

5.5.1 Diagnosis
Diagnosis should be achieved by Doppler US,
contrast-enhanced CT, and RM, and finally, if
findings are suggestive of venous outflow impair-
ment, by cavography.

Although Doppler US is useful, venography
and pressure measurements are still considered to
be the gold standard.

Usually the gradient across the hepatic venous
anastomosis is assessed to prove the diagnosis: a
gradient higher than 10 mmHg is one commonly
used threshold, but a gradient ranging from 3 to
20 mmHg has been considered to be the thresh-
old of abnormality in different studies.

For this reason, stenoses have to be validated
considering symptoms and response to treatments.



Hepatic Angiography and Vascular Interventional Radiology

167

5.5.2 Therapeutic Management
and Prognosis

Modified piggyback consists of a complete resec-
tion of the recipient inferior caval vein and inter-
position of the donor intrahepatic part of the vena
cava with two end-to-end anastomoses; it is
reported a three-vein technique for anastomosis
with a low rate of these VCs.

Except for severe allograft dysfunction and
multiorgan failure requiring retransplantation,
percutaneous radiological intervention is the
first-line treatment for liver blood outflow VCs
in order to attempt to rescue the outflow
patency, reserving surgery for a lower number
of cases.

Endovascular management can be performed
by transjugular approach or percutaneous tran-
shepatic access.

Technical success is defined as morphologic
improvement or as elimination or significant
reduction of the trans-stenotic pressure gradient;
venous outflow VCs are often treated with 100%
success rate (Wang et al. 2005).

Thrombolysis has been described to treat
anastomotic stenosis with superimposed throm-
bosis (Borsa et al. 1999). Mechanical thrombo-
lytic devices may also be used to avoid bleeding.

Balloon angioplasty can restore anastomotic
patency in almost 100% of cases, but the recur-
rence rate is high; however it is possible to repeat
balloon dilatations (Cheng et al. 2005).

PTA associated with stent placement seems to
have a higher rate of success than PTA alone,
ranging from 73% to 100% in the literature (Ko
et al. 2002).

While thrombolysis and angioplasty may
cause anastomotic bleeding, stent migration is an
infrequent but reported complication, not only
during the procedure but also later, related to
changes in the size of the IVC.

During PTA, a close monitoring is required
since prolonged balloon inflation reduces blood
return to the heart.

Considering the high incidence of resteno-
sis, stenting may be preferable in adults, while
in pediatric patients stenting may not be the
best option: considering the potential growth of
children repeated PTA is probably a better
strategy.
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