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Abstract
Acute variceal hemorrhage, a life-threatening condition 
that requires a multidisciplinary approach for effective 
therapy, is defined as visible bleeding from an esopha-
geal or gastric varix at the time of endoscopy, the pres-
ence of large esophageal varices with recent stigmata 
of bleeding, or fresh blood visible in the stomach with 
no other source of bleeding identified. Transfusion of 
blood products, pharmacological treatments and early 
endoscopic therapy are often effective; however, if 
primary hemostasis cannot be obtained or if uncontrol-
lable early rebleeding occurs, transjugular intrahepatic 
portosystemic shunt (TIPS) is recommended as rescue 
treatment. The TIPS represents a major advance in 
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the treatment of complications of portal hypertension. 
Acute variceal hemorrhage that is poorly controlled with 
endoscopic therapy is generally well controlled with 
TIPS, which has a 90% to 100% success rate. Howev-
er, TIPS is associated with a mortality of 30% to 50% 
in such a setting. Emergency TIPS should be consid-
ered early in patients with refractory variceal bleeding 
once medical treatment and endoscopic sclerotherapy 
failure, before the clinical condition worsens. Further-
more, admission to specialized centers is mandatory in 
such a setting and regional protocols are essential to be 
organized effectively. This review article discusses ini-
tial management and then focuses on the specific role 
of TIPS as a primary therapy to control acute variceal 
hemorrhage, particularly as a rescue therapy following 
failure of endoscopic approaches.

© 2013 Baishideng. All rights reserved.
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Core tip: The transjugular intrahepatic portosystemic 
shunts (TIPS) is a highly effective treatment for bleed-
ing esophageal and gastric varices with control of the 
bleeding in over 90% of the patients. Many papers 
have been published in the last decade that led to 
technical improvements and definition of the best indi-
cations for this promising treatment of complications of 
portal hypertension. The purpose of this article is to de-
scribe the different treatment options for patients with 
refractory esophageal and gastric varices bleeding and 
the role of TIPS as a rescue therapy. Technical aspects 
of this procedure and the current indications are also 
discussed.
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INTRODUCTION
Acute variceal hemorrhage is a common clinical emer-
gency and most often is caused by cirrhosis-related portal 
hypertension[1]. Less common causes include splenic vein 
thrombosis, hepatic veno-occlusive disease, and primary 
biliary cirrhosis[1]. It is defined as visible bleeding from an 
esophageal or gastric varix at the time of  endoscopy, the 
presence of  large esophageal varices with recent stigmata 
of  bleeding or fresh blood visible in the stomach with no 
other source of  bleeding identified[1]. The frequency of  
gastroesophageal varices in cirrhosis varies from 30% to 
70% with bleeding occurring in approximately one-third 
of  patients[2]. Twenty percent of  cirrhotics with acute 
variceal hemorrhage die within 6 wk[3]. The rebleeding 
rates range from 30% to 40% at 6 wk and the mortal-
ity from rebleeding reaches 30%[4]. Gastroesophageal 
varices account for approximately 80% of  all cases of  
variceal hemorrhage[2,5]. The precipitating cause for hem-
orrhage, presumably an acute rise in portal pressure and 
subsequent variceal rupture, remains uncertain. However, 
several factors have been implicated including raised 
intra-abdominal pressure, bacterial infection, continued 
excess alcohol consumption and postprandial increase in 
splanchnic blood flow[4,5]. Predictive factors for variceal 
hemorrhage include a hepatic venous pressure gradient 
(HVPG) of  > 20 mmHg[6,7], the presence of  large varices 
with red signs[8] and underlying severe liver disease (Child-
Pugh grade C)[2]. 

Optimal management of  variceal hemorrhage re-
quires a multidisciplinary approach involving a team of  
gastroenterologists, hepatologists, critical care physicians, 
surgeons, and interventional radiologists. The principal 
components of  therapy include airway maintenance, he-
modynamic stabilization, control of  the variceal hemor-
rhage, and alteration of  the hemodynamic effects of  por-
tal hypertension. Treatment options for the management 
of  acute variceal hemorrhage include endoscopic therapy, 
use of  vasoactive drugs, balloon tamponade and esopha-
geal transaction. These various methods, either alone or 
in combination, are effective in controlling acute variceal 
hemorrhage in 80% to 90% of  patients[3]. Patients who 
do not respond to these measures are referred for rescue 
therapies, which include transjugular intrahepatic porto-
systemic shunt (TIPS) and surgical portosystemic shunts 
with or without splenectomy. Because of  the higher mor-
tality of  surgery in the acute setting, TIPS is the favored 
rescue procedure for uncontrolled variceal hemorrhage[6]. 

The purpose of  this review is to describe the differ-
ent therapeutic options available to control acute variceal 
hemorrhage and then to focus on the potential role of  

TIPS as a primary therapy to control acute variceal hem-
orrhage, particularly as a rescue therapy following failure 
of  endoscopic approaches. 

INDICATIONS-Gastrointestinal 
bleeding
TIPS has been used to treat many complications related 
to portal hypertension. The relative efficacy of  TIPS has 
been tested with randomized controlled trials (variceal 
bleeding, refractory ascites), whereas other indications 
have been evaluated in uncontrolled case series.

The causes of  gastrointestinal hemorrhage in a pa-
tient with portal hypertension may be variceal rupture, 
portal hypertension gastropathy, postsclerotherapy ulcers, 
peptic ulcer disease, hemorrhagic gastritis, and Mallory-
Weiss tear. TIPS is generally accepted as a second-line 
therapy after failure of  endoscopic and medical therapy 
of  bleeding from gastroesophageal varices[9].

Primary prophylaxis of variceal bleeding
Bleeding from esophageal varices is a common and se-
vere complication of  portal hypertension. Prevention of  
the initial bleeding can be achieved in a number of  cases 
by endoscopic variceal ligation or β-blocker treatment. 
However, TIPS has never been tested in this situation as 
the use of  surgical portacaval shunts has demonstrated 
that this approach is associated with higher morbidity and 
mortality rates[10].

Bleeding from gastric varices is often severe and dif-
ficult to control, particularly when fundal varices are 
involved. The first-line treatment is endoscopic sclero-
therapy with cyanoacrylate[11]. TIPS has been used in a 
number of  uncontrolled trials in patients in whom en-
doscopic therapy failed[12,13]. A recent controlled trial has 
shown that TIPS is more efficient than cyanoacrylate in 
prevention of  rebleeding (secondary prophylaxis) from 
large gastric varices[14]. This finding, although interesting, 
must be confirmed by after a long-term follow-up. Im-
portantly, due to the large size of  fundal varices, the risk 
of  rupture is still present even at a low portacaval gradi-
ent (< 12 mmHg) after TIPS[15]. This is probably best 
explained by the relationship between the variceal tension 
(and therefore the risk of  rupture) and the variceal size. 
For this reason, it is recommended to embolize gastric 
varices at the time of  TIPS placement[10,16].

Acute variceal bleeding
When initial bleeding occurs, it is usually controlled with 
less invasive endoscopic treatment and/or pharmacologi-
cal therapy. In the rare instance when bleeding remains 
uncontrollable, TIPS has been used as a rescue treatment 
with good results. However, prognosis relies on the gen-
eral condition of  the patient, the value of  the liver func-
tion reserve, and the associated comorbidities[17-20]. How-
ever, a recent randomized controlled trial evaluated the 
use of  emergent TIPS as compared to standard medical 
therapy in patients with severe portal hypertension and a 
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Child-Pugh score of  7-13[21]. Treatment failure was more 
frequent in the medical group (50% vs 12%) and the sur-
vival rate was better in the TIPS group (11% vs 38%)[21]. 
This approach could justify the use of  TIPS early after 
bleeding in patients with moderate or severe liver failure 
and severe portal hypertension. Current evidence sup-
ports the use of  TIPS not as a primary form of  treat-
ment, but rather as a rescue treatment for patients with 
bleeding esophageal varices who failed pharmacological 
and endoscopic treatments.

Secondary prophylaxis of variceal bleeding
The strongest evidence in favor of  performing a TIPS 
procedure exists for the secondary prevention of  vari-
ceal bleeding. Twelve randomized controlled trials have 
been published on this topic, describing results for 948 
patients, 472 of  whom received a TIPS[22-33]. Recent meta-
analyses found a more than threefold decrease in the risk 
of  recurrent bleeding after insertion of  a TIPS compared 
with various forms of  endoscopic therapy (Table 1)[34,35]. 
Rates of  rebleeding after insertion of  TIPS ranged from 
9.0% to 40.6%. Conversely, continued endoscopic ther-
apy resulted in a 20.5% to 60.6% rate of  rebleeding. All-
cause mortality rates were similar between the TIPS and 
endoscopic therapy groups. However, there was a more 
than twofold increase in the rate of  development of  he-
patic encephalopathy after a TIPS procedure[22-33].

Ectopic varices
Varices may develop anywhere along the digestive tract in 
patients with portal hypertension (duodenum, jejunum, 
colon, rectum) and may bleed. Local treatments are either 
impossible or associated with a high rate of  rebleeding. 
The best approach is the TIPS procedure, which can be 
combined with embolization of  the varices[36,37].

Portal hypertensive gastropathy
These gastric lesions rarely induce problematic bleeding. 
Nonetheless, anecdotal case reports have suggested that 
TIPS may control bleeding in these patients[38].

Gastric antral vascular ectasia
Chronic bleeding from gastric antral vascular ectasia may 
be difficult to manage. However, TIPS does not help to 
control this type of  hemorrhage, probably because these 
vascular lesions are related to liver disease and not to por-
tal hypertension[38,39].

Other indications
Despite limited evidence, TIPS has found wider clinical 
use than just secondary prevention of  variceal bleed-
ing, treatment of  refractory acute variceal bleeding and 
management of  refractory ascites. These clinical indica-
tions include Budd-Chiari syndrome[40,41], hepatic veno-
occlusive[42], hepatic hydrothorax[43-46], hepatorenal syn-
drome[47,48], and hepatopulmonary syndrome[49].

CONTRAINDICATIONS
Absolute contraindications to TIPS include right heart 
failure and pulmonary arterial hypertension. The TIPS 
survival benefit in patients with severe liver failure (Child-
Pugh class C cirrhosis, model for end-stage liver disease 
score > 22, serum bilirubin > 3 mg/dL) also remains un-
clear. Relative contraindications include hepatic encepha-
lopathy (which may worsen following TIPS creation), 
polycystic liver disease (technically challenging with a high 
incidence of  hemorrhagic complications), active sepsis 
(poor outcomes), and chronic organized portal vein 
thrombosis (technically challenging for successful TIPS 
creation). Acute portal vein thrombus is not a contrain-
dication for TIPS, but it necessitates extensive stenting 
to prevent shunt occlusion[50]. The contraindications are 
summarized in Table 2.

PRE-TIPS TREATMENT OPTIONS FOR 
ACUTE VARICEAL BLEEDING
Initial management
As with all acutely unwell patients, the basic resuscita-
tion pathway (airway, breathing, circulation) should be 
instigated. Initially, the airway and breathing should be 
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Table 1  Transjugular intrahepatic portosystemic shunt vs  
endoscopic therapy in the prevention of rebleeding: Results 
from meta-analyses  n  (%)

Study finding Reference, value
Burroughs et al [34] Zheng et al [35] 

Patients 948 883
TIPS 472 440
Endoscopic therapies 476 443
Randomized controlled trials   13   12
Recurrent bleeding
   TIPS   88 (18.6)   86 (19.0)
   Endoscopic therapy 210 (44.1) 194 (43.8)
   OR (95%CI) for TIPS 0.30 (0.21-0.44) 0.32 (0.24-0.43)
Post-treatment encephalopathy
   TIPS 134 (28.4) 148 (33.6)
   Endoscopic therapy   83 (17.4)   86 (19.4)
   OR (95%CI) for TIPS 2.08 (1.49-2.94) 2.21 (1.61-3.03)
All-cause mortality
   TIPS 130 (27.5) 111 (25.2)
   Endoscopic therapy 118 (24.8)   98 (22.1)
   OR (95%CI) for TIPS 1.14 (0.85-1.54) 1.17 (0.85-1.61)

TIPS: Transjugular intrahepatic portosystemic shunt.

Table 2  Contraindications to placement of a transjugular 
intrahepatic portosystemic shunt

Absolute Relative

Congestive heart failure Portal vein thrombosis
Severe pulmonary hypertension Hepatocellular carcinoma
Severe systemic sepsis Severe coagulopathy
Unrelieved biliary obstruction Hepatic encephalopathy
Severe tricuspid regurgitation Obstruction of all hepatic veins
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of  patients suspected of  variceal hemorrhage will actually 
be bleeding from nonvariceal sources, widespread use of  
vasoactive drugs before endoscopy should be discour-
aged, as is diagnostic endoscopy attempted by someone 
who is unable to perform band ligation or sclerotherapy. 
Combination therapy of  these vasoactive agents and 
endoscopic therapy is becoming common but a meta-
analysis of  several studies, although demonstrating initial 
improvement in hemostasis, did not reveal a reduction in 
mortality with combination therapy[63].

Balloon tamponade
Balloon tamponade is invaluable in cases of  uncontrolled 
hemorrhage when an endoscopy service is unavailable or 
when control cannot be achieved endoscopically. Balloon 
tamponade, however, is not without complications that 
include gross esophageal ulceration and esophageal per-
foration. To minimize complication rates, this procedure 
should be performed only by experienced staff  and in 
the majority of  cases, lone inflation of  the gastric balloon 
should be sufficient. In the rare cases that the esopha-
geal balloon requires inflation, inflation pressure should 
be closely monitored and regular deflation should also 
be performed. Nursing protocols should be produced 
and should include regular checks of  the gastric balloon 
position and regular aspiration from both the gastric 
and esophageal ports. Medical staff  should be alerted if  
blood aspiration volumes are increasing at either port. 
Panés et al[64] examined the use of  esophageal tamponade 
in 151 cases and reported that although balloon tampon-
ade achieved hemostasis, 50% of  patients experienced 
rebleeding on removal of  the Stenstaken-Blackmore 
tube. It is essential therefore that balloon tamponade is 
considered only as a holding measure until a definitive 
procedure can be performed.

TIPS PROCEDURE
Timing of salvage therapy
Although the above studies illustrate the efficacy and ap-
plicability of  TIPS in the setting of  uncontrolled variceal 
bleeding, there remains a debate about the best time to 
perform the procedure. Although a convenient definition 
of  uncontrolled variceal bleeding can be taken as failure 
of  two endoscopic treatments, this does not necessarily 
indicate criteria for TIPS insertion. Patients with a Child-
Pugh A score and whose bleeding does not appear life 
threatening may be managed by balloon tamponade fol-
lowed by further sessions of  endoscopic band ligation 
and generally do not require TIPS. Conversely, patients 
with advanced liver disease who have had a single mas-
sive bleed and unsuccessful endoscopic treatment on one 
occasion and require balloon tamponade, may be better 
treated by TIPS early rather than undergoing a second 
endoscopic therapy session. Monescillo et al[65] showed 
that early insertion of  TIPS might confer extra benefit. 
The basis of  this is probably due to reducing the duration 

assessed. Endotracheal intubation should be consid-
ered early, especially in patients who are deemed at high 
risk for aspiration, that is, those demonstrating signs of  
encephalopathy or ongoing severe uncontrolled hemor-
rhage. The adequacy of  filling of  the circulation should 
then be assessed and two large bore intravenous can-
nula inserted before placement of  a central line. Plasma 
expanders and packed red blood cells should be used to 
replace volume loss and any underlying coagulopathy 
corrected with platelets and fresh-frozen plasma. Despite 
portal pressure correlating directly with plasma volume, 
all cirrhotic patients with variceal hemorrhage should be 
maintained at a normal central venous pressure, while 
avoiding under filling the circulation in order to “keep 
the portal pressure low”[51]. Ideally, these patients should 
be admitted to an intensive care or high dependency unit 
where cardiac monitoring and high intensity nursing are 
readily available. All patients with cirrhosis and gastro-
intestinal bleeding are at an increased risk of  bacterial 
infection and thus prophylactic antibiotics should be ad-
ministered[52,53]. Several meta-analyses have demonstrated 
a reduction in bacterial infections and improved survival 
attributed to the use of  short-term prophylactic antibiot-
ics[54]. No consensus exists as to which antibiotic should 
be given but intravenous quinolones are generally recom-
mended for 5-7 d followed by oral quinolones[55-57]. 

Endoscopic therapy
Sclerotherapy and variceal band ligation are the two 
endoscopic interventions currently used. Endoscopic 
sclerotherapy involves a sclerosant such as ethanolamine 
injected directly into the bleeding varix. Variceal band 
ligation is associated with fewer side effects than sclero-
therapy. Banding devices that allow multiple bands to be 
applied without repeated reintroduction of  the endo-
scope should be used. Variceal band ligation is the pre-
ferred endoscopic therapy for the secondary prevention 
of  esophageal variceal hemorrhage and most centers now 
also use band ligation to control acute bleeding[58].

Pharmacological treatment
Various pharmacological agents, including vasopressin, 
somatostatin, octreotide and terlipressin, are of  benefit in 
acute variceal bleeding[59-61]. These drugs cause splanch-
nic vasoconstriction and thus reduce portal flow. They 
are particularly useful when an out-of-hours endoscopy 
service is unavailable. Temporary cessation of  bleeding 
and reduction in treatment failure has been reported with 
early administration of  these drugs[62]. An ongoing debate 
does continue about the efficacy of  these agents, particu-
larly vasopressin analogues, as they are not without sig-
nificant side effects such as increased risk of  mesenteric 
ischemia and myocardial infarction. These agents should 
therefore be used with caution in patients with known 
atheromatous disease. Vasopressin is no longer used 
alone and rarely with nitrates, with terlipressin being the 
current agent of  choice. Because a significant proportion 
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or risk of  hypotension that is likely to be detrimental for 
patients with decompensated liver disease.

Pre-procedural imaging
Any prior imaging studies (ultrasound, computed tomog-
raphy, magnetic resonance imaging), should be reviewed to 
confirm portal vein patency and to assess the presence of  
gastroesophageal varices and other porto-systemic shunts 
that may compete with the TIPS. The location of  the por-
tal vein bifurcation should be determined based on prior 
imaging, as an extrahepatic portal vein bifurcation occurs 
in 25% of  patients and accessing an extrahepatic portal 
vein during TIPS carries a high mortality[10,66]. Imaging may 
also demonstrate the presence of  splenic vein thrombosis, 
for which TIPS is not the treatment of  choice, ascites, and 
general hepatic morphology. If  there is large-volume asci-
tes, pre-procedural paracentesis should be performed. If  
no imaging is available, Doppler ultrasound assessment of  
the portal vein is recommended before initiating the TIPS 
procedure[66]. The procedure is performed under general 
anesthesia and thus an emergency consultation with anes-
thesia is initiated as soon as TIPS is considered.

Equipment specifications
The procedure room should have the necessary equip-
ment for continuous hemodynamic monitoring as well 
as for anesthesia, with access to oxygen, anesthetic gases, 
and suction. The angiographic equipment should al-
low for high-resolution fluoroscopy, digital subtraction 
angiography (DSA), and operator-definable protocols 
for performing CO2 DSA, low-frame-rate fluoroscopy, 
and road map imaging. A trained radiologic technologist 
who is familiar with the necessary catheters, guidewires, 
balloons, stents, and imaging equipment should be pres-
ent. Anesthesia or nursing personnel are essential for 
patient monitoring and assistance with hemodynamic 
measurements. The physician operator should be an 
interventional radiologist who is trained in performing 
TIPS procedures, as these require a high level of  techni-
cal expertise and knowledge of  the equipment, materials, 
anatomy, physiology, pathology, appropriate technique, 
and potential complications. The operator must be able 
to cope with the difficulties that are often associated with 
emergency TIPS[6,9,50,66].

Shunt technique
Sets: Three types of  TIPS sets are commercially avail-
able. Two sets, made by Cook Medical (Bloomington, 
IN, United States), include the “RingTIPS set” and the 
“Rosch-Uchida TIPS set”. The RingTIPS set has a 16-G 
curved Colapinto needle, while the Rosch-Uchida set has 
a 16-G curved blunt cannula through which a 5-Fr cath-
eter with an inner needle is advanced to access the portal 
vein. After using the needle to advance the catheter, the 
needle is removed and the catheter is slowly withdrawn 
while maintaining suction in the catheter. There is also a 
cope version of  the ring set, which uses a 20- to 21-G-

long needle. Another set is made by AngioDynamics 
(Queensbury, NY, United States) and has a hollow 21-G 
needle that is passed through a hollow, curved cannula.

Steps: After entry into the internal jugular vein, a cath-
eter is introduced and guided through the superior vena 
cava, right atrium, and inferior vena cava into a hepatic 
vein. The use of  the proximal portion of  the hepatic 
vein has two purposes. The first is to utilize, for shunt 
creation, the largest diameter of  the hepatic vein to 
potentially prevent or delay any outflow shunt steno-
sis. The second is to be sure that one begins cephalad 
to the desired portal vein entry site. A needle inserted 
through the catheter is then used to puncture the liver 
from a central portion of  the hepatic vein and enter the 
main portal branch, usually the right portal vein. In the 
right hepatic vein, the cannula is rotated approximately 
90° anteriorly and then advanced and maintained with 
continual caudal pressure, so that it is wedged against 
the wall of  the hepatic vein. When in the middle hepatic 
vein, the cannula is rotated posteriorly in the some way. 
Carbon dioxide wedged hepatic venography is used to 
identify the portal vein[67]. Iodinated contrast medium can 
also be used. The puncture can be also navigated with 
ultrasonography. Depending on the anatomy, it might by 
possible to use a tract from the right hepatic vein to the 
left portal branch, and vice versa. The needle tract is then 
dilated by a balloon catheter, establishing a connection 
between the portal and systemic circulation directly inside 
the liver parenchyma. The parenchymal tract is kept open 
by insertion of  an expandable metallic stent. A dedicated 
TIPS stent graft was designed to extend the covered por-
tion to the orifice of  the hepatic vein at the inferior vena 
cava[41]. The only uncovered part of  the stent graft, which 
is 2 cm long, is the section that protrudes into the portal 
vein. This both anchors the device and allows blood to 
flow through the interstices of  the uncovered portion to 
the peripheral (parenchymal) portal vein branches. The 
alternative to the dedicated stent graft has been a self-ex-
pandable stent used for bridging portal and hepatic veins 
in a similar way. The bare stents are used for patients at 
high risk of  hepatic encephalopathy or for recanalization 
of  the portal vein. The shunt diameter is finalized by bal-
loon dilatation of  the deployed stent graft or stent. De-
pending on the diameter of  the expandable stent or stent 
graft used for TIPS creation, various amounts of  portal 
blood are diverted into the systemic circulation, resulting 
in the decompression of  portal hypertension. The size 
of  the balloon catheter is usually 8 mm. Depending on 
the pressure gradient measured between the portal vein 
and right atrium after stent or stent graft placement, a 
larger angioplasty balloon catheter is an option to achieve 
adequate stepwise decompression. For liver transplant 
candidates, precise positioning of  both ends of  the stent 
or stent graft is critical[6,50]. The needle may exit the liver 
and lacerate the liver capsule or enter the hepatic artery. 
Embolization of  the parenchymal tract is the first-line 
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treatment to prevent hemoperitoneum. The TIPS tract 
must be intraparenchymal, or dilatation of  the extrahe-
patic portion of  the portal vein results in fast exsanguina-
tion, a complication that occurs in approximately 1% of  
procedures. Entry into the right or left portal vein branch 
should be at least 1 to 2 cm from the portal vein bifurca-
tion. The direct injection into the dilated tract should be 
done as soon as possible to reveal potential extravasation. 
If  it is positive, the balloon is again inflated and the stent 
graft placed to tamponade the extrahepatic leak. Accord-
ing to the patient’s blood pressure, fluid volume resus-
citation is immediately initiated and the anesthesiologist 
is called[6,9,50,66]. The final step of  the TIPS procedure is 
placement of  pigtail catheter over the portal vein guide 
wire for follow-up portography and blood pressure mea-
surement within the main portal vein. Once the value is 
stabilized and recorded, the tip of  the sheath or pigtail 
catheter is moved to the hepatic vein or the suprahepatic 
inferior vena cava, and the blood pressure is again record-
ed. Thus, at the completion of  the TIPS procedure, at 
least four pressure values will have been obtained: those 
in the portal vein and hepatic vein (or inferior vena cava) 
before and after shunt placement. The different steps are 
summarized in Figure 1.

Embolization of varices
Embolization of  the esophageal varices at the time of  

the TIPS is easily accomplished but its routine applica-
tion has been also controversial. While embolization 
after TIPS occurs in 24% to 48% of  patients[68,69], it is 
not clear whether the combination of  TIPS and variceal 
embolization is more effective than TIPS alone. Some 
authors recommend transjugular embolization of  the 
varices to increase the effect of  the shunt with respect 
to acute hemostasis[68,70], and other authors do not per-
form embolization[71]. In our clinical practice, we perform 
embolization of  varices only if  we observe persistent 
contrast flow into the varices in the control portography 
after TIPS. Variceal embolization is also indicated for 
patients with recurrent esophageal bleeding despite a pat-
ent shunt[68]. Embolization of  esophageal varices is most 
commonly performed with the use of  metallic coils, but 
the use of  liquid agents such as opacified enbucrilate and 
ethanol have also been described[17]. The use of  absolute 
ethanol is not recommended due to the possible adverse 
effects including cardiovascular collapse due to the pos-
sible venous channels between the portal system and the 
pericardium, mainly from the pericardiophrenic vein.

Post-procedural follow-up
Recurrence or worsening of  the portal hypertension 
symptoms should prompt an ultrasound with Doppler 
to exclude TIPS stenosis. Shunt velocities between 50 
and 250 cm/s are associated with high (> 90%) sensitiv-
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Figure 1  Conventional transjugular intrahepatic portosystemic shunt creation technique. A: Schematic diagram shows transjugular intrahepatic portosystemic 
shunt (TIPS) connecting the right hepatic vein to the right portal vein. The shunt extends from main portal vein to confluence of right hepatic vein and inferior vena 
cava; B: Right hepatic venogram shows course of hepatic vein; C: Transhepatic portogram using iodinated contrast material shows course of portal veins; D: Injec-
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parenchyma that is interposed between the hepatic and portal veins; F: Portal venogram obtained after TIPS insertion shows flow through the FLUENCY polytetrafluo-
roethylene-covered stent. Peripheral portal vein branches are no longer opacified because of reversal of flow.
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ity and specificity for shunt dysfunction[72]. In addition, 
most hepatologists order routine TIPS surveillance tests 
at regular intervals using ultrasound with Doppler in 
asymptomatic patients. Patients with a suspected TIPS 
dysfunction should undergo TIPS venography. If  the 
original TIPS was created using a bare-metal stent, place-
ment of  a covered stent is likely to improve long-term 
shunt patency[73]. Other commonly used measures include 
balloon angioplasty within the stents and the placement 
of  additional stents in patients to extend cranial or caudal 
length of  the stent. Hepatic encephalopathy refractory to 
medical management or progressive hepatic dysfunction 
after TIPS placement might require endovascular shunt 
reduction. A commonly used technique involves shunt 
catheterization by two parallel guidewires followed by 
simultaneous deployment of  two stents within the shunt. 
One of  the stents is a covered endograft through which 
blood flow will be conducted, whereas the second device 
is a balloon-expandable bare-metal stent, the diameter of  
which determines the ultimate shunt diameter. Usually, the 
bare-metal stent is placed along the cephalic aspect of  the 
covered stent. This allows continued access to the balloon 
expandable stent if  further reduction is necessary[74,75].

OUTCOMES
Complications
The TIPS procedure may lead to a number of  adverse 
events (Table 3). Technical complications sustained at the 
time of  TIPS placement can include transcapsular punc-
ture, which may occur in as many as 33% of  cases[10]. The 
capsular perforation leads to significant intraperitoneal 
hemorrhage 1% to 2% of  the time[10]. Clinically signifi-
cant hemobilia is also rarely observed after the procedure. 
The stent can be placed too far into the inferior vena cava 
or even into the right atrium at the cranial end or far into 
the main portal vein at the caudal end of  the shunt in up 
to 20% of  patients[10]. On occasion, stents may migrate 
because of  catheter and balloon manipulation[76]. Diver-
sion of  portal venous flow through the shunt diminishes 
the metabolic filtering effect of  the hepatic parenchyma, 
leading to new or worsened encephalopathy in 30% to 
46% of  patients[34,35]. Chronic recurrent disabling hepatic 
encephalopathy can occur in 5% to 10% of  patients 
and may lead to a complete loss of  the patient’s autono-
my[10,66]. Several pre-TIPS parameters have been tested to 

predict post-TIPS hepatic encephalopathy (Table 4)[10,34,35]. 
Deterioration of  hepatic function in approximately 10% 
of  patients[35], and hepatorenal syndrome is occasionally 
observed[77]. TIPS stenosis and occlusion was the method 
of  choice before wide acceptance of  PTFE-covered 
stents (Viatorr; W.L. Gore and Associates, Flagstaff, AZ, 
United States). The most common site of  shunt steno-
sis is at the hepatic venous end. The culprit of  midstent 
stenosis is thought to be intimal hyperplasia within the 
bare-metal stent due to contact between traversed biliary 
radicles and stent lumen[76]. The incidence of  stenosis 
due to hyperplasia within the stent ranged from 18% to 
78%[76] for bare-metal stents, which led to recurrence of  
portal hypertension complications and required frequent 
invasive procedures for reconstitution of  flow. The in-
troduction of  PTFE-covered stent grafts led to dramatic 
improvement in long-term TIPS patency. A randomized 
controlled trial published in 2007 established a PTFE-
covered stent as the preferred device for TIPS[78]. In that 
study, 80 patients were randomized to receive either a 
covered (n = 39) or a bare (n = 41) metal stent and were 
followed for two years after TIPS placement. Compared 
with patients treated with a bare-metal stent, patients with 
a PTFE-covered stent had a significantly lower rate of  
TIPS dysfunction (15% vs 44%), a higher rate of  primary 
patency (76% vs 36%), a lower rate of  clinical relapse (10% 
vs 29%), and were less likely to develop encephalopathy 
(33% vs 49%)[78]. On the basis of  these data, a PTFE-
covered stent became the standard of  care device for de 
novo TIPS. Patients who have a bare metal stent TIPS 
should undergo shunt revision with a PTFE-covered 
stent in the event of  shunt dysfunction[76].

Mortality
Acute variceal hemorrhage that is poorly controlled with 
endoscopic therapy is generally well controlled with 
TIPS, which has a success rate of  90% to 100%. Howev-
er, TIPS also has a mortality rate of  27% to 50%[19,66,79,80]. 
Increased mortality is related to a Child-Pugh C clinical 
status, hemodynamic instability at the time of  the TIPS 
procedure, and the presence of  other comorbidities. In 
general, early TIPS intervention allows for better control 
of  hemorrhage with decreased mortality. Patients with a 

Table 3  Acute and chronic complications after transjugular 
intrahepatic portosystemic shunt placement

Acute complications Acute complications Chronic complications

Minor or moderate Life-threatening Portal vein thrombosis
Stent displacement Hemobilia Congestive heart failure
Neck hematoma Hemoperitoneum Progressive liver failure
Arrhythmia Cardiac failure Chronic recurrent 

encephalopathy
Shunt thrombosis Liver ischemia Stent dysfunction
Hepatic vein 
obstruction

Sepsis

Table 4  Risk factors for post-transjugular intrahepatic 
portosystemic shunt encephalopathy

Risk factors

Age
Sex
Cause
Child-Pugh score
Hepatic encephalopathy history TIPS
Porto-hepatic gradient
Stent diameter
Indication
Creatinine

Loffroy R et al . Transjugular intrahepatic portosystemic shunt for hemorrhage
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high HVPG (> 20 mmHg) and acute variceal bleeding 
have a better survival with TIPS than with endoscopic 
therapy[65]. Most of  the deaths of  patients after emergen-
cy TIPS are related to hepatic failure, multiorgan failure, 
and sepsis, often accompanied by variceal and nonvarice-
al bleeding, while only a minority are related to recurrent 
variceal bleeding[13,69,81]. Death occurring within 30 d of  
the procedure is most commonly caused by multiorgan 
failure, and death more than 30 d following the proce-
dure is most commonly related to liver failure[81]. Many 
studies reporting on emergency TIPS for the rescue treat-
ment of  acute esophageal varices bleeding have shown 
low survival rates and significantly higher mortality rates 
than patients undergoing elective TIPS[6,12,17,19,21,65]. In one 
study, 42 of  123 (34.1%) of  patients died within 30 d of  
TIPS for acute bleeding, while only 16.5% died following 
elective TIPS creation[82]. As an independent predictor of  
mortality, patients bleeding at the time of  TIPS creation 
were 2.9 times more likely to die than those associated 
with elective TIPS placement. Similar findings have been 
reported by Helton et al[83] who reported a 56% in-hospi-
tal mortality rate for patients who were actively bleeding 
or hemodynamically unstable at the time of  the TIPS vs 
5.5% following nonemergency procedures. The reported 
mortality associated with TIPS varies widely because the 
inclusion criteria, timing of  the TIPS, and the severity 
of  liver disease. Many reports combine the results of  
patients actively bleeding during TIPS with those of  the 
patients who were stable during the procedure. Several 
reports describing different prognostic factors associ-
ated with mortality after TIPS have been published[68,69,82]. 
Prognostic factors are not intended to predict outcome 
or management on individual basis or to deny a patient 
a potentially lifesaving intervention, but are useful as 
guidelines to develop appropriate expectations and to 
weigh different therapeutic options. Final decisions are 
based on the individual patient needs and overall clinical 
condition[65,84]. Many of  these prognostic factors correlate 
with the mortality of  patients undergoing elective TIPS. 
In patients with acute variceal bleeding, however, these 
predictors may fail because the hepatic reserve and renal 
function are difficult to evaluate in the acute setting[65]. 
Events such as bleeding, infection, and high-dose diuretic 
therapy may affect the renal and liver function in a tran-
sient way. No single prognostic criterion is available to 
accurately select patients with a very high risk of  death[85]. 
However, several selection criteria have been described 
due to an increased amount of  experience within the 
field with relation to TIPS[86].

Effect on liver and spleen stiffness
Variceal bleeding still remains the major cause of  death in 
patients with cirrhosis, with increasing numbers of  inpa-
tient cases with advanced liver disease and portal hyper-
tension. For those patients, TIPS has become the rescue 
treatment of  choice, preferred over liver transplantation. 
Therefore, it is crucial to ensure that the inserted TIPS 
effectively decreases portal vein pressure to prevent 

variceal bleeding. Non-invasively assessing the pressure 
of  the portal vein as a function of  the TIPS has been a 
challenge. Color Doppler sonography can measure flow 
velocities in the TIPS, but it cannot reflect the pressure 
of  the portal vein and its pitfalls and inaccuracies lead to 
a lack in necessary sensitivity[87]. More recently, a novel 
ultrasound-based acoustic radiation force impulse (ARFI) 
elastography has been developed that can provide infor-
mation on the local mechanical property of  a tissue[88]. An 
acoustic push pulse transmitted by the transducer toward 
the tissue produces an elastic shear wave that propagates 
through the tissue. The propagation of  the shear wave is 
followed by detection pulses that are used to measure the 
velocity of  the shear wave propagation, which is directly 
related to tissue elasticity. In other words, the speed of  
shear wave is dependent on the elasticity of  the tissue[88]. 

Gao et al[89] prospectively assessed the stiffness of  the 
liver and spleen with ARFI imaging pre- and post-TIPS 
placement. The investigators measured stiffness of  the 
liver and spleen with mean shear wave velocity (MSV, 
m/s) on ARFI imaging for 10 healthy volunteers and 10 
patients who underwent TIPS placement for treatment 
of  portal hypertension. The portal vein pressure was 
measured during TIPS placement. A significant differ-
ence in portal vein pressure was found for the pre- (27.67 
± 5.86 mmHg) and post- (18.00 ± 6.93 mmHg) TIPS 
insertion. Significant differences were also found in MSV 
of  the liver and spleen between healthy subjects and pa-
tients with portal hypertension. There was no significant 
difference found in MSV of  the liver pre- and post-TIPS 
placement. However, a statistically significant difference 
in MSV of  the spleen pre- and post-TIPS placement 
was demonstrated. In addition, the authors reported a 
significant difference in spleen index between healthy 
subjects and patients with portal hypertension, as well as 
between pre- and post-TIPS placement. The MSV of  the 
spleen measured with ARFI correlated well with portal 
vein pressure. Hence, the authors concluded that spleen 
stiffness determined by means of  MSV on ARFI imaging 
could be used as a quantitative marker for monitoring the 
portal vein pressure as the function of  the TIPS.

In this study, as well, the authors had prospectively 
shown a close correlation between the stiffness of  the 
spleen and portal vein pressure. Based on these data, one 
can clearly note that the stiffness of  the spleen measured 
with MSV changes as the portal vein pressure changes 
following TIPS placement. This is the first quantitative 
demonstration of  the effectiveness of  TIPS on the stiff-
ness of  the spleen measured with MSV value on ARFI 
imaging. One parameter that was not significantly af-
fected by TIPS placement was the MSV value of  the 
liver. The most plausible explanation for this finding is 
that TIPS can have a direct impact on the pressure of  the 
portal vein but have no effect on the stiffness of  a fibrot-
ic liver. The tissue mechanical property of  a cirrhotic liver 
is very hard due to the severe fibrosis developed in the 
liver parenchyma, which has poor elasticity. In addition, 
MSV of  the spleen has potential to serve as an indicating 
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marker with which to assess portal vein pressure. Finally, 
it may be used as a non-invasive predictor in screening 
for recurrent portal hypertension when TIPS malfunc-
tion develops.

Economic benefit
Early insertion of  TIPS in high-risk patients with acute 
variceal hemorrhage reduces rebleeding and mortality. 
However, the economic benefit of  utilizing this ap-
proach remains unclear. Harman et al[90] retrospectively 
carried out a cost-effectiveness analysis of  patients who 
may benefit from early TIPS insertion. The costs were 
calculated in a 12-mo follow-up from index bleeding 
admission and compared to a theoretical 12-mo follow-
up cost related to early TIPS insertion. Over one year, 
78 patients were admitted with variceal hemorrhage; 27 
patients (35%) were eligible for early TIPS insertion. The 
actual cost for the 12-mo follow-up was £138473.50. 
The authors estimated early TIPS insertion would save 
£534.70 per patient per year (P < 0.0001). According to 
sensitivity analysis, early TIPS was the dominant treat-
ment modality up to a theoretical rebleeding rate of  6%, 
and the economic threshold of  £15000 per bleeding epi-
sode saved was achieved at a 12% yearly rebleeding rate, 
suggesting it would be financially viable to adopt early 
TIPS as an intervention up to a 12% yearly rebleeding 
rate. This study indicates strict patient selection is vital 
to reduce the rebleeding rate when utilizing early TIPS 
insertion. There is an important balance between select-
ing patients at high risk of  rebleeding, who are likely to 
benefit from early TIPS insertion to prevent rebleeding, 
but also to exclude patients with the most severe hepatic 
dysfunction where early TIPS insertion is unlikely to alter 
the natural history of  their disease. Strict patient selec-
tion reduces rebleeding-related admissions, thus reducing 
follow-up costs; this is a key concept for centers to focus 
on before introducing early TIPS as routine practice. Fi-
nally, Harman et al[90] found 35% of  their bleeding cohort 
were eligible for early TIPS insertion, further establishing 
early TIPS insertion as a cost-effective intervention. This 
has important implications for the future provision and 
organization of  interventional radiology services. Future 
prospective studies evaluating early TIPS insertion are 
warranted, and including similar economic modeling will 
help to confirm the financial viability of  introducing early 
TIPS insertion into routine clinical practice.

CONCLUSION
The TIPS procedure is now a well-established treat-
ment for complications of  portal hypertension. Techni-
cal advances and well-designed clinical studies provide 
a scientific basis to define the best indications. Patients 
with acute variceal bleeding with a Child-Pugh score > 
12, APACHE score Ⅱ > 18 points, hemodynamically 
unstable, receiving vasopressors and coagulopathy, and/
or bilirubin > 6 mg/dL have a high risk of  early death 
after TIPS. In specific, in some individual clinical situ-

ations it may be wise to withhold the TIPS because the 
mortality rate will be very high regardless of  the therapy 
given. Every effort should be taken to stabilize the pa-
tient before TIPS, including the use of  tamponade tubes 
and aggressive correction of  coagulopathy. Once medical 
treatment and sclerotherapy fail, emergency TIPS should 
be considered early before the clinical condition worsens. 
Patients at high risk for early mortality after TIPS should 
be considered for expedited liver transplantation if  avail-
able. Cost analysis must be performed in the future tak-
ing into account recent developments including technical 
improvements, better patient selection, and better post-
TIPS management. 
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