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58.1 Overview of Portal Hypertension

Portal hypertension is a clinical condition characterized by
a portosystemic gradient exceeding 5 mmHg. Cirrhosis
contributes to the majority of cases with less than 10% aris-
ing from noncirrhotic etiology. Pathophysiological mecha-
nisms for the development of portal hypertension are
categorized into two broad theories, forward and backward
flow theories. In the latter, cirrhosis causes fibrosis and
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architectural distortion of the liver, leading to increased
intrahepatic vascular resistance. Elevated pressure in the
portal system eventually leading to reversal of flow within
the portal vein, known as hepatofugal flow ensues. In the
former, hyperdynamic mesenteric circulation mediated by
vasoactive compounds such as Nitrous Oxide (NO),
Vascular Endothelial Growth Factor (VEGF), and Tumor
Necrosis Factor (TNF) a results in hyper dynamic circula-
tion and increased forward flow [1, 2].

The downstream clinical effects of elevated portal pres-
sure are mainly threefold and include variceal bleeding, asci-
tes and hepatic encephalopathy [3]. When these complications
occur, cirrhosis is said to be decompensated with a life
expectancy that now plummets to only 2 years from a 12-year
life expectancy seen in a compensated cirrhotic patient.
Variceal bleeding is a medical emergency with a 7-12%
mortality. The onset of ascites portends a poor prognosis
with a 1-year and 5-year mortality rate of 15% and 44%
respectively. Hepatic encephalopathy is seen in half the
patients with portal hypertension.

Other less common clinical manifestations of portal
hypertension include hepatorenal syndrome, hepatopulmo-
nary syndrome, hypersplenism, bacterial peritonitis, hepatic
hydrothorax, and portal hypertensive biliopathy.
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Definition
Portal hypertension condition in which the portosys-
temic blood pressure gradient is above S mmHg.
Hepatofugal or Non-forward portal flow (NEPF) is
defined as an abnormal flow pattern where portal
venous flow is retrograde from the periphery of the
liver towards the porta hepatis.
Hepatic Venous Pressure Gradient (HVPG) is
defined as the gradient in pressure between the portal
vein and the inferior vena cava (IVC).

— Normal portal pressure is defined as HVPG of
<5 mmHg.

— Subclinical portal hypertension is defined as HVPG
6-9 mmHg.

— Clinically significant portal hypertension (CSPH) is
defined as HVPG of >10 mmHg, at which point
varices may develop [4].

— Measurement of HVPG provides independent prog-
nostic information on survival.

— HPVG helps assess the risk of decompensation
after resection in patients with compensated cirrho-
sis and hepatocellular cancer

The diagnosis of portal hypertension is made on a clinical
basis when a patient with cirrhosis presents with complica-
tions of portal hypertension. Direct portal vein measurement
via a transhepatic, transjugular or umbilical vein approach is
the gold standard but is invasive with a risk of bleeding. The
wedged hepatic venous pressure (WHVP) can be measured
using a balloon catheter which is wedged in the hepatic vein.
Subsequently, the balloon is deflated to measure the free
hepatic venous pressure (FHVP). The corrected sinusoidal
HVPG is calculated by subtracting the free hepatic venous
pressure (FHVP, which reflects intra-abdominal pressure)
from the wedged hepatic venous pressure (WHVP, which
reflects hepatic sinusoidal portal venous pressure and intra-
abdominal pressure). The technique is accurate in the major-
ity of patients with cirrhosis that involves sinusoidal scarring.
Other methods to diagnose portal hypertension include ultra-
sound and elastography; however, ultrasound lacks the sensi-
tivity, and elastography, though it has good correlation with
liver fibrosis, is an indirect measure of portal hypertension
and is susceptible to confounding factors; additionally, it does
not account for extrahepatic causes of portal hypertension [5].

Cirrhosis can remain compensated for many years before
the development of a decompensating event. Decompensation
includes the development of any of the abovementioned
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complications of portal hypertension. Managing portal
hypertension revolves around preventing or treating its com-
plications. The former (preventing complications) is appli-
cable in patients with compensated cirrhosis (Child-Pugh A)
while the later (treating complications) is applicable in
decompensated cirrhosis (Child-Pugh B or C). Preventing
complications of portal hypertension involves regular screen-
ing of patients with Child-Pugh A cirrhosis with endoscopy
and managing the portal blood pressure medically. The goal
of preventative measures is to avoid the first variceal bleed,
which is termed primary prophylaxis. Discussion of preven-
tative measures is beyond the scope of this chapter and dis-
cussed elsewhere in this book.

Variceal bleeding is the most dreaded complication of
portal hypertension with a 1-year mortality of 50% [6].
Endoscopic therapy (either variceal ligation or sclerother-
apy) is the first line treatment for acute variceal hemorrhage.
However, when rebleeding occurs, more definite therapy is
required. This definitive treatment to reduce portal hyperten-
sion, outside of liver transplant, is by creation of a portacaval
shunt to decompress the system. Historically, surgical shunts,
whereby a connection between the portal vein and vena cava
provides a low resistance outlet, and consequently lowers
variceal pressures, preventing bleeds. Today, surgical shunts
are not commonly used for the treatment of portal hyperten-
sion as percutaneous options have largely replaced them, but
they should still be understood as they do have potential
clinical scenarios of utility (Fig. 58.1).

58.2 Current Treatment Options
58.2.1 Surgical Shunts

Three categories of surgical shunts including total, selec-
tive and partial shunts have been described. Portacaval and
mesocaval shunts are examples of total Portacaval shunts
(TPCS). End-to-side portacaval shunt is created by ligating
the portal vein and connecting the proximal stump of the
ligated portal vein to the side of the inferior vena cava
(Fig. 58.2). Mesocaval shunt are created between the supe-
rior mesenteric vein and the inferior vena cava. Although
total shunts were remarkably effective in preventing vari-
ceal bleeding, operative mortality was high and the inci-
dence of hepatic encephalopathy and liver failure were not
acceptable [7-9]. To reduce the risks, selective shunts
including the proximal and distal splenorenal shunts were
described. Splenorenal shunts maintain forward flow to the
liver while decompressing the gastro-esophageal varices
(Fig. 58.2).
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Fig. 58.1 Illustration
depicting the normal flow

(a) and hepatofugal flow seen
in portal hypertensive
pathology (b)

Portal vein

Splenic vein

Left renal vein

Mesenteric vein

Portacaval side-to-side shunt Portacaval end-to-side shunt

Central splenorenal shunt Distal splenorenal shunt

Mesocaval shunt

Fig. 58.2 Diagrams of common surgical shunts compared to normal vascular anatomy
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Definition

Distal Splenorenal Shunts (DSRS) are created by ligat-
ing the distal splenic vein and connecting the proximal
arm of the ligated splenic vein to the left renal vein in
order to decompress the gastro-esophageal varices.

Definition

Proximal Splenorenal Shunts (PSRS) are created by
ligating the proximal splenic vein and the distal arm is
connected into the left renal vein, taking portal pres-
sure away from the site of confluence with the superior
mesenteric vein.

Clinical trials comparing TPCS to DSRS did not show
significant differences in rebleeding, encephalopathy, or
mortality. In addition, trials comparing DSRS with sclero-
therapy found that patients had worse survival after DSRS
even though that arm had better bleeding control [10]. As a
result, prophylactic shunt surgery was rapidly abandoned
and became only indicated as a salvage therapy.

Partial shunts including calibrated small-diameter porto-
caval H-graft shunts were eventually designed with the same
end goal as DSRS. If the volume of shunted portal blood
could be regulated, suppression of variceal bleeding without
incurring hepatic encephalopathy or liver dysfunction could
be achieved. There have been few RCTs to date evaluating
the efficacy of this shunt. Partial shunts were shown to have
better encephalopathy-free survival compared to total surgi-
cal shunts, and are easier to handle in subsequent transplants,
but more data is needed [11, 12].

Ideal surgical shunt candidates in which PCS may be
attempted are those who have well-preserved liver function
but fail emergent endoscopic therapy or those who are not
excellent surgical candidates, but have a contraindication to
TIPS placement.

58.2.2 Percutaneous Shunts
58.2.2.1 Transjugular Intrahepatic

Portosystemic Shunt (TIPS)

Creation of a transjugular intrahepatic portosystemic shunt
(TIPS) is a well-established procedure recommended for
patients suffering from sequelae of portal hypertension that
is refractory to medical management. An effective end-to-
end portacaval shunt between a branch of the portal vein and
usually the right hepatic vein, which flows into the inferior
vena cava, is created to decompress the portal system

Fig. 58.3 Illustration demonstrating placement and flow of TIPS pro-
cedure (1) and DIPS procedure (2) using IVUS and improved portal
flow (blue arrows)

(Fig. 58.3). TIPS is performed in the interventional radiol-
ogy lab with moderate sedation or general anesthesia.
Creation of a TIPS shunts is preferred over surgical shunts in
patients who are transplant candidates as the extra-hepatic
anatomy is not altered.

The most widely supported indications for TIPS include
secondary prevention of variceal bleeding and refractory
ascites. Multiple randomized controlled studies and several
meta-analyses have proven the utility of TIPS creation in
both these conditions. It has been shown to be superior in
long-term prevention of rebleeding compared to endoscopic
therapy [13]. In the treatment of refractory ascites, TIPS has
been shown not only to control ascites in 70% of cases [14],
it has also been shown to increase transplant-free survival as
compared to large volume paracentesis (LVP) [14-16]. The
meta-analysis summarizing five of the six RCTs found a 7.1-
fold reduction in the risk of recurrent tense ascites after TIPS
[11, 17, 18]. The first line treatment for acute variceal bleed-
ing includes vasoactive pharmacotherapy and endoscopic
sclerotherapy or banding. Failure to achieve hemostasis
occurs in 20% of patients undergoing the first line treatment
[3]. TIPS is considered the second line treatment due to
higher incidence of hepatic encephalopathy but achieves
hemostasis in 95% of acute variceal bleeding [19].

The utility of TIPS shunt creation in the treatment of
Budd-Chiari Syndrome (BCS) is highly dependent on etiol-
ogy. In primary BCS the patency and long-term survival is
promising [20]. It has been postulated that using TIPS to
return intravascular volume from the splanchnic circulation
to the systemic circulation should improve renal status in
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cirrhotic patients with hepatorenal syndrome. Currently,
there is 2B evidence [21] for using TIPS in the treatment of
hepatorenal syndrome. One study even screened patients
likely to benefit by verifying response to combination ther-
apy of midodrine, octreotide, and albumin. They then saw
further normalization of kidney function with the imple-
mentation of TIPS [22, 23]. Portal Hypertensive gastropathy
has only level 4 evidence to support the use of TIPS for pri-
mary treatment [22, 24]. It has been shown to improve endo-
scopic endpoints and clinically stop hemorrhage in a case
study.

Contraindications to TIPS placement a mostly related to
the hemodynamic changes that take place after TIPS place-
ment. Severe congestive heart failure, tricuspid regurgitation,
and severe pulmonary hypertension (mean pulmonary pres-
sure >45 mmHg) are all absolute contraindications due to the
massive increase in preload that results after blood is shunted
from the portal vein to the IVC. If there is evidence that the
patient’s cardiopulmonary system cannot handle the increased
load from the shunt, it should not be placed. Other absolute
contraindications are multiple hepatic cysts, bacteremia or
sepsis, and unrelieved biliary obstruction. Relative contrain-
dications include portal venous thrombosis, hepatocellular
cancer, moderate pulmonary hypertension, obstruction of all
hepatic veins, uncorrectable coagulopathy or thrombocytope-
nia, and existing hepatic encephalopathy [25].

P

The overall goal is the placement of a stent allowing for
portal flow from the portal vein to the Inferior vena cava
through the hepatic veins, thus creating a low resistance
shunt to relieve elevated portal pressures. This reduction of
the portosystemic gradient is successful in over 90% of cases
[21]. This is accomplished by obtaining vascular access to
the right jugular vein, traversing the superior vena cava
through the right atrium, and into the inferior vena cava.
From this point, the right or middle hepatic vein is cannu-
lated and hepatic pressures are recorded. Next, a needle
assembly is advanced over the wire through a sheath and
used to traverse the liver parenchyma and enter the portal
vein. After establishing access to the portal vein, portal pres-
sures are obtained. Subsequently, the parenchymal tract is
dilated with a balloon catheter and the stent graft is deployed.
It is vital to ensure that the appropriate size endograft is
selected so that it completely covers the tract, decreasing
chances of stent stenosis from fibrous tissue overgrowth at
the hepatic venous end. Furthermore, angiographic evidence
of reversal of hepatofugal flow and decreased varices, as well
as treatment to HVPG of less than 12 mmHg significantly
decreases the likelihood of variceal rebleeding (seen in
Fig. 58.4).

Complication rates continue to decrease as technique
improves. Currently, only 3% of patients experience major
complications and the likelihood of minor complications is

Fig. 58.4 TIPS Procedure showing resolution portal hepatic congestion (white arrow) and gastro-esophageal varices (yellow arrows) before (left)

and after (right) shunt placement
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reported at 4% [26]. In addition, procedural mortality is only
1.7% [26]. Of the complications that patients may experience,
the most commonly encountered are hepatic encephalopathy,
variceal hemorrhage, and stent dysfunction. TIPS stent dys-
function can happen due to technical failure (e.g. stent shorten-
ing thatleads to thrombosis, or biliary stent fistula), parenchymal
stenosis due to excessive fibrotic healing response, or late
“Pseudo-intimal” hyperplasia of the hepatic vein [27].

In response to the relatively high rates of stent dysfunc-
tion, bare metal stents (BMS) were presumed to be more
susceptible to the pseudo-intimal hyperplasia and polytetra-
fluoroethylene (PTFE)-covered stents were introduced to
prevent this stenosis. At this point, the evidence is robust
enough to deem PTFE-covered stents as superior to bare
metal stents [28-30] as a strong meta-analysis that includes
four RCTs demonstrated that covered stents are almost 5
times more likely to retain primary patency, two-thirds less
likely to have rebleeding as a complication, and survival is
superior with an odds ratio of 1.85 [31]. It appears that cov-
ered stents are less predisposed to pseudo-intimal hyperpla-
sia and this is thought to be the reason for better patency
rates. It has been demonstrated that stent to inferior vena
cava distance (SIVCD) has no negative effect on primary
patency of TIPS when performed with covered stents as
opposed to BMS [27]. In terms of sizing, 10-mm PTFE-
covered stent have been shown to better control refractory
ascites in patients with cirrhosis, compared with an 8-mm
stent, and importantly, without increasing the incidence of
hepatic encephalopathy [17]. As a result, the American
Association for the Study of Liver Diseases (AASLD) now
recommends the use of PTFE covered stents over bare metal
stents.

As an important way to manage patients with uncontrol-
lable variceal bleeding and recurrent variceal bleeding, stud-
ies on the outcomes of early TIPS placement have shown that
risk stratification is vital. Those patients with a persistent
HPVG at 20 mmHg or above were at higher risk for recurrent
bleeding despite best medical therapy and were shown to
benefits from early TIPS intervention. Early TIPS interven-
tion has been shown to have improved 1-year survival of
86% over 76% in the drug + Endoscopic Therapy (ET) group
for acute variceal bleeding [32-35].

58.2.2.2 Direct Intrahepatic Portacaval
Shunt (DIPS)

The Direct Intrahepatic Portacaval Shunt (DIPS) was first
described by Petersen et al. [36] as a response to common
failures observed when performing the more established
TIPS procedure. The goal was to address parenchymal tract
overgrowth at the hepatic venous end and prevent the most
common cause of TIPS failure by means of bypassing it
completely. In addition, exclusion of the hepatic vein allows
for the DIPS procedure to treat those with hepatic veno-

occlusive disease (i.e. Budd-Chiari Syndrome). Direct
Intrahepatic Portacaval Shunt (DIPS) is a modification to the
original TIPS procedure where an artificial communication
between the IVC and portal vein is created through the caudate
lobe. DIPS also allows for decreased radiation exposure due to
real-time image guidance as intravascular ultrasound (IVUS).
IVUS is used to navigate from the IVC to the portal vein (See
Figs. 58.3 and 58.5). The other described benefit of this modi-
fication is that the much shorter liver tract decreases suscepti-
bility to stent stenosis from fibrous tissue overgrowth [37, 38].

Indications for the DIPS procedure are identical to that of
the TIPS; however, the evidence backing these indications is
not as robust at this point as DIPS is still a relatively new
procedure. However, it seems to have good indication for
portal hypertension secondary to hepatic veno-occlusive dis-
ease, patients with difficult vascular anatomy, those with
unsuitable parenchymal tract [39], and DIPS may be consid-
ered in patients needing secondary intervention after an
occluded TIPS [40].

Contraindications to DIPS mirror those of TIPS, with
absolute contraindications being severe congestive heart fail-
ure, tricuspid regurgitation, severe pulmonary hypertension,
multiple hepatic cysts, bacteremia or sepsis, and unrelieved
biliary obstruction. Relative contraindications are fewer
without obstruction of hepatic or portal veins being as much
a concern. Moderate pulmonary hypertension, uncorrectable
coagulopathy or thrombocytopenia, and existing hepatic
encephalopathy are still relative contraindications [25].

The DIPS procedure begins with femoral venous access
for introduction of the IVUS catheter which is placed in the
retrohepatic IVC. Next, an echo tip trocar needle is advanced
from a jugular access point to the same level of the IVC. Portal
access is then created by advancement of the echo tip trocar
needle under real-time ultrasound guidance through the liver
and into the portal vein. This can be confirmed with aspira-
tion or contrast-injection. Rest of the procedure is similar to
a conventional TIPS procedure.

Complications of DIPS placement are identical to those
of TIPS placement and include hepatic encephalopathy, vari-
ceal hemorrhage, and stent dysfunction. Although the theo-
retical risk of stent occlusion by parenchymal tract
hypertrophy is reduced, more evidence is needed to substan-
tiate this conclusion. Additionally, in patients with extrahe-
patic portal vein anatomy, there have been minor
complications due to hemoperitoneum.

58.2.2.3 Percutaneous Mesocaval Shunt

One of the main benefits of using a mesenteric vessel as a
connection to the systemic vasculature is the preservation of
native portal venous anatomy in order for subsequent liver
transplantation. This was the concept behind surgical meso-
caval shunts, and has now been adapted as a percutaneous
procedure. The percutaneous mesocaval shunt also allows
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Fig. 58.5 DIPS Procedure showing echogenic needle (yellow arrows) traversing the IVC through the caudate lobe and into the portal vein (a),
measuring catheter before stent placement (b) and after (¢) demonstrating resolution of portal hepatic congestion (white arrows), (d) Completion
venography after placement of a DIPS from the IVC to left portal vein

for patients with chronically occluded portal veins, who are
not good candidates for TIPS, to have their portal hyperten-
sion treated [37].

Indications are again identical to the TIPS procedure;
however, percutaneous mesocaval shunts (PMCS) allow for
the circumvention of absolute and relative contraindications
based on hepatic anatomy that can make TIPS difficult
(Hepato-occlusive venous disease, severe hepatic cysts, etc.).

Absolute contraindications are still severe congestive
heart failure, tricuspid regurgitation, severe pulmonary
hypertension, multiple hepatic cysts, bacteremia or sepsis,
and unrelieved biliary obstruction. Moderate pulmonary
hypertension, uncorrectable coagulopathy or thrombocyto-
penia, and existing hepatic encephalopathy are still relative
contraindications.

A transjugular or percutaneous mesocaval shunt proce-
dure beings with a retrieval device, usually a snare basket,

being placed through the internal jugular vein down to the
IVC near the level of the desired shunt. After bowel prepara-
tion and prophylactic antibiotics, a 20-gauge Chiba needle is
directed through the anterior abdominal wall under
CT-guidance. It is advanced through-and-through the SMV
and into the IVC. A wire is advanced through the chiba nee-
dle and introduced into the previously place snare. The wire
is snared and pulled out through the jugular sheath, effec-
tively leaving a wire percutaneously that travels from SMV
to IVC and out the jugular sheath. Then a catheter is advanced
over the wire, keeping a second wire as the safety wire.
Using the working wire, access is obtained further into the
SMV. At this point, the percutaneous safety wire is removed,
and the stent can be advanced over the working wire. After
dilation, pressures and venogram can be taken to confirm
appropriate placement and function of the shunt [41]
(Fig. 58.6).
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Fig.58.6 Surgical Shunts visualized via angiography: Portacaval shunt (a), Mesocaval shunt (b), and Distal splenorenal shunt (c)

58.3 Comparison of Available Portocaval
Shunting Procedures (Table 58.1)

Table 58.1 Comparison of relative complications across portacaval
shunt types

Complications Surgical shunt | TIPS | DIPS | Mesocaval
Operative mortality +++ + + ++

Cont. variceal bleeding | — + + +

Hepatic encephalopathy | +++ +++ |+ |2

Stent dysfunction + ++ - ?

Acute liver failure + + + _
Hemoperitoneum — — + 4+

Bile Leaks - + — _

58.4 Future Directions

The DIPS procedure appears to be an excellent alternative to
the standard TIPS treatment. The main advantages over a TIPS
placement are that common failures due to bile leaks, tract
hyperplasia, and hepatic vein occlusion are either excluded or
much less likely (e.g. tract hyperplasia). Additionally, intravas-
cular US used in DIPS placement allows for visualization por-
tal vein puncture, the most technically challenging and
dangerous aspect of TIPS creation. Finally, the widened indica-
tions for patients with altered intrahepatic anatomy and portal
veno-occlusive disease of the hepatic or portal vein are more
easily circumvented [36]. Further studies are currently needed
to better quantify the complication rates for DIPS as well as
randomized clinical trials to compare TIPS against DIPS on a
broader level with stratification based on indication.

Self Study
Questions

1. Which is not an absolute contraindication to TIPS
placement?
(a) Severe Pulmonary Hypertension
(b) Hepatocellular Carcinoma
(c) Severe Congestive Heart Failure
(d) Multiple Hepatic Cysts
2. Which statement is true?
(a) Early TIPS treatment improves outcome in patients
with persistently high HVPG
(b) DIPS significantly increases patency rates compared
to TIPS
(c) Covered (PTFE) stent grafts have similar patency to
Bare metal stents
(d) TIPS placement for the treatment of refractory ascites
is effective is 90% of patients

Answers

1. Which is
placement?
(a) Severe pulmonary hypertension is an absolute contra-

indication TIPS placement as shunt creation will
rapidly increase portal venous return to the right side
of the heart, leading to exacerbation of pulmonary
hypertension, which can lead to right heart failure
and circulatory collapse.

not an absolute contraindication to TIPS
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2.

(b) CORRECT ANSWER. Hepatocellular carcinoma is
anot an absolute contraindication to TIPS. HCC most
commonly arises in a background of cirrhosis and as
such will likely have sequelae of portal hypertension
that may benefit from TIPS. Unless the HCC is
directly occluding the majority of the hepatic veins,
portal vein, or their is a large degree portal venous
thrombosis (PVT), HCC does not present issues with
shunt placement.

Severe congestive heart failure is also an absolute
contraindication to TIPS, for similar reasons as severe
pulmonary hypertension. The rapid increase blood
volume returning to the right side of the heart is likely
to overload the already failing heart and lead to circu-
latory collapse and death.

A multitude of hepatic cysts can lead to compression
of venous structures, obstruction of parenchymal
tracts, and increased risk of hemorrhage.

Which statement is true?

(a) CORRECT ANSWER. Studies have shown that
patients who fail to respond to Endoscopic therapy
and medical management with a decrease in HVPG
below 20 mmHg are at significantly increased risk of
rebleed and benefit from early intervention with TIPS
placement.

Although theoretically performing DIPS increases
the patency rates compare to TIPS as the hepatic
venous stenosis from TIPS creation is avoided, not
enough studies have been conducted to evaluate the
potential benefit of increased patency.

Many RCTs have demonstrated improved patency,
survival and decreased rates of bleeding with use of
PTFE covered stents compared to bare metal stents.
In fact, the AASLD now officially recommends the
use of PTFE covered stents over bare metal stents.
TIPS placement in the setting of refractory ascites
results in 70% resolution of ascites in addition to a
significant improvement in transplant free survival

©

(d)

(b)

(©)

(d)
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