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Key points: 

 

1) A better understanding of the pathophysiological interplay between hemodynamic 

factors and inflammation-driven organ impairment acting before and after transjugular 

intrahepatic porto-systemic shunt (TIPS) may help to tailor its indication and control 

shunt-related complications in patients with ascites. 

2) The efficacy and risk of side-effects associated with TIPS placed for treating ascites 

depend on a combination of patient characteristics including age, liver function, type 

of ascites (recurrent or refractory), and non-hepatic factors such as cardiac and renal 

function. 

3) In selected patients with ascites requiring repeated large-volume paracentesis, TIPS 

using polytetrafluoroethylene (PTFE)-covered stent-grafts improves control of ascites 

and survival. 

4) Technical elements of the TIPS procedure are key determinants of clinical success. As 

a straight TIPS might be more effective than a C-shaped TIPS, the PTFE-covered 

stent-graft should be placed in a central position between the right hepatic vein and the 

right portal vein whenever possible, and should cover the entire tract from the portal 

vein lumen (uncovered part) to the junction between the hepatic vein and the inferior 

vena cava (covered part). 

5) The optimal porto-cava pressure gradient decrease after TIPS to control refractory 

ascites is unclear. 

6) The use of small diameter TIPS may be a pragmatic strategy to effectively reduce 

porto-cava pressure gradient and minimize shunt-related complications. 
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Abstract 

 

In selected patients with cirrhosis and ascites, transjugular intrahepatic porto-systemic shunt 

(TIPS) placement improves control of ascites and may reduce mortality. In this review, we 

summarize the current knowledge concerning the use of TIPS for the treatment of ascites in 

patients with cirrhosis, from pathophysiology of ascites formation to hemodynamic 

consequences, patient selection, and technical issues of TIPS insertion. The combination of 

these factors is important to guide clinical decision making and identify the best strategy for 

each individual patient. There is still a need to identify the best timing for TIPS placement in 

the natural history of ascites (recurrent vs. refractory) as well as which type and level of renal 

dysfunction is acceptable when TIPS is proposed for the treatment of ascites in cirrhosis. 

Future studies are needed to define the optimal stent diameter according to patient 

characteristics and individual risk of shunt-related side-effects, particularly hepatic 

encephalopathy and insufficient cardiac response to hemodynamic consequences of TIPS 

insertion.  
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I. Introduction 

 

Ascites is the most common cause of decompensation in compensated cirrhosis with an 

annual estimated incidence of 5%-10% of patients [1]. The occurrence of ascites significantly 

impairs prognosis with 1- and 5-year mortality rates around 30% and 70%, respectively [1, 2]. 

Once ascites becomes refractory, median survival is reduced to 6 months [1].  

In patients with cirrhosis and ascites, the standard-of-care combining salt restriction, diuretics 

and large volume paracentesis (LVP) is merely symptomatic and does not modify the natural 

course of the disease. Hence, therapeutic alternatives are required. The most promising 

approach is intrahepatic portosystemic shunting, usually using a transjugular approach. 

Transjugular intrahepatic portosystemic shunt (TIPS) has proven effective when placed in the 

setting of refractory ascites (RA) or even at earlier stages when ascites requires frequent 

paracenteses (i.e., recurrent ascites). In addition to improved control of ascites in a significant 

number of patients, current evidence suggests that, in selected patients, TIPS is also 

associated with improved survival [3]. However, the use of TIPS faces several challenges. 

First, TIPS can be harmful in patients with severe liver failure and should be considered with 

caution in those patients. Second, accurate predictive models that are able to precisely assess 

the prognosis of patients with ascites after TIPS insertion are lacking. Third, a number of non-

hepatic factors, including heart and kidney function, have to be taken into consideration when 

TIPS is discussed for treating ascites. Fourth, several technical issues, such as the optimal 

stent diameter that should be used for portocaval shunting, are still unsettled. This review 

focuses on the pathophysiological consequences of TIPS placement, selection of candidates 

for TIPS, and technical considerations of intrahepatic portocaval shunting for the treatment of 

ascites in patients with cirrhosis.   
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II. Brief overview of the physiopathology of ascites formation in cirrhosis 

 

Development of portal hypertension (PHT) and retention of sodium and water are the main 

factors involved in the pathogenesis of ascites formation. The starting point is the 

development of PHT due to increased resistance to portal outflow. Increases in resistance can 

be located at any point in the liver circulation, either before the sinusoids (pre-sinusoidal 

PHT), at the sinusoidal level (sinusoidal PHT), or after the sinusoids (post-sinusoidal PHT). 

In Western countries, 90% of PHT is related to cirrhosis which is responsible for a sinusoidal 

bloc. In this setting, ascites does not develop at a porto-cava pressure gradient (i.e., the 

difference between portal and systemic vein pressure, PCPG) below 10-12 mmHg [4-6].  

Architectural changes are the main mechanism underlying increased intrahepatic resistance to 

portal flow in the cirrhotic liver. Another mechanism is related to phenotypic changes of 

hepatic stellate cells that become activated and contractile due to a reduction in the 

bioavailability of nitric oxide (NO) and additional vasodilators within the hepatic lobule. This 

also makes hepatic stellate cells more susceptible to local and systemic vasoconstrictors, 

thereby leading to an additional functional increase in vascular resistance [7, 8]. According to 

the classical vasodilation hypothesis of portal hypertension, increased portal pressure induces 

shear stress that stimulates the endothelial production of vasodilators, including NO, in the 

splanchnic vascular bed. Furthermore, increased portal pressure leads to the synthesis of 

angiogenic factors, such as vascular endothelial growth factor, which promote opening of pre-

existing porto-systemic shunts and formation of new shunts through which vasodilators enter 

the systemic circulation [7, 9, 10]. Together, these mechanisms induce a gradual reduction of 

effective arterial blood volume which, in turn, activates the sympathetic nervous system, the 

renin-angiotensin-aldosterone axis, and secretion of arginine-vasopressin. These mechanisms 
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act to expand the total blood volume and promote a compensatory increase in cardiac output 

(CO) [11, 12].  

The development of cirrhotic cardiomyopathy (CCM) [13] impairs the ability of the heart to 

maintain adequate CO in response to the progressive decrease in effective arterial blood 

volume, which further induces kidney hypoperfusion and sodium and water retention. This 

ultimately results in ascites formation and hyponatremia. The progressive worsening of these 

mechanisms ultimately leads to RA, which is characterised by a sustained and severe 

reduction of effective arterial blood volume. In fact, patients with RA are at increased risk of 

developing complications due to reduced blood volume such as hepatorenal syndrome (HRS) 

[14]. 

In addition to liver architectural/functional changes and hemodynamic derangement, systemic 

inflammation and immune system activation may contribute to PHT progression in cirrhosis 

[12]. Based on the observation that patients with decompensated cirrhosis show high levels of 

pro-inflammatory markers, the “inflammatory hypothesis” has been recently proposed [15] as 

an integration of the classical vasodilation hypothesis of PHT progression and development of 

decompensation [12]. According to this hypothesis, increased intestinal permeability driven 

by portal hypertension may lead to translocation of bacteria or their products, such as bacterial 

DNA or lipopolysaccharides (pathogen-associated molecular patterns [PAMPs]), which leads 

to local and systemic inflammation [16]. Inflammation driven by bacteria and PAMPs is 

further aggravated by the release of damage-associated molecular patterns (DAMPs) due to 

ongoing chronic liver injury [17]. Taken together, these events contribute to the induction of 

NO synthase in artery muscle cells, resulting in additional NO production and further 

aggravation of splanchnic vasodilation. Proinflammatory molecules and reactive oxygen 

species can cause tissue hypoperfusion and organ damage. These factors all contribute to the 

perpetuation of the vicious cycle responsible for PHT and related complications (Figure 1). 
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III. Pathophysiological consequences of TIPS placement in patients with ascites 

 

The hemodynamic consequences of TIPS placement can be classified as early (within hours 

after TIPS placement) or late (within months after TIPS placement).  

a. Early hemodynamic consequences following TIPS placement  

TIPS acts as a low resistance conduit that re-directs the blood flow from porto-systemic 

collaterals (at least those at higher resistance than TIPS) towards the portal vein (PV) [18, 19]. 

By directly connecting the PV to the inferior vena cava (IVC), TIPS is very effective for 

reducing the PCPG (approximately -60% in previous studies including patients with ascites) 

[20-26].  

The return of shunted blood to the right atrium creates an increase in heart pre-load that, 

depending on diastolic and systolic cardiac reserve, raises CO [13, 27-29]. Increased CO leads 

to a progressive expansion of the splanchnic arterial vascular bed due to endothelial shear 

stress [30-32] which, in turn, increases the blood inflow towards the PV and right atrium [9, 

33].  

In parallel, the sudden decrease of portal pressure reduces the barrier to splenic vein outflow 

(i.e., resistance to the blood flow in the splenic vein), which increases PV blood inflow. 

Depending on the size of the spleen and, therefore, on the amount of blood entering the 

splenic vein, this mechanism may further contribute to the return of blood from the splanchnic 

circulation to the right heart [34, 35].  

In fact, direct measurements of PV blood flow after opening of TIPS show an immediate 

increase of 64% with a mean absolute increase from 691 ml/min to 1136 ml/min [18]. On the 

other hand, increased CO also leads to arterial vasodilation of non-splanchnic vascular beds 

[36]. Therefore, the splanchnic and peripheral vasodilatory response to increased CO, which 
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is measured by a decrease in systemic vascular resistance (SVR) [27, 29, 37], may cause a 

worsening of a pre-existing hyperdynamic circulation [38] or generate a new relative 

hyperdynamic state in patients without baseline features of hyperdynamic circulation (i.e., 

higher CO and lower SVR, respectively, than normal range in patients without PHT) [28, 39, 

40].  

In response to the increase in CO and to the decrease in SVR, cardiac and central vascular 

blood volume does not change immediately after TIPS deployment [37, 41]. This explains 

why the mean arterial pressure remains unchanged [27, 37, 42] and renal blood flow does not 

substantially increase in the hours after TIPS creation [37, 43].  

The final amount of blood shunted by the TIPS will depend on two additional factors: stent-

graft diameter and cardiac reserve. A small increase in stent-graft diameter will have a 

quadratic effect on its area and thereby significantly reduce resistance to blood flow (Figure 

2). In parallel, the sudden increase in venous return to the heart may unmask an underlying 

cardiomyopathy [13], which would lead to an abrupt increase of right atrium and IVC 

pressure [38, 44].  

The complex interplay between the afore-mentioned factors explains why, in clinical practice, 

the extent of PCPG decrease in patients undergoing TIPS is often unpredictable [45]. 

Similarly, in TIPS recipients, it is hard to estimate how much the PCPG will further decrease 

per each step of stent-graft dilation. 

 

b. Late hemodynamic consequences following TIPS placement 

The late hemodynamic effects of TIPS in patients with ascites are not yet completely 

understood. One issue is whether CO remains higher than pre-TIPS values and if this is 

associated with an increase in cardiac and central vascular volume. This issue was first 

addressed by Wong et al in a seminal study including 10 patients with RA who were followed 
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for a mean of 14 months after TIPS. By investigating hemodynamics through a radionuclide-

based approach, they found that [a] cardiac index (i.e., CO normalized for body surface area) 

was only slightly increased compared to values before TIPS insertion (+26% at 6 months and 

+20% at 14 months); [b] cardiac and central vascular volume progressively and significantly 

increased from TIPS placement up to 14 months (+15.5% at 6 months and +21% at 14 

months) [46]. Importantly, all patients were maintained on a low-sodium diet and without 

diuretics for 7 days before each assessment in order to mitigate all potential confounding 

factors. To explain these findings, Rossle hypothesized that a redistribution of blood volume 

from the splanchnic area to the central circulation occurs after TIPS placement [47]. 

Surprisingly, despite the fact that this hypothesis is plausible from a pathophysiological point 

of view, it has not yet been validated by studies including patients with RA and specifically 

dedicated to investigating the hemodynamic effects of TIPS using gold-standard techniques 

[37, 38, 43, 44, 48, 49]. 

A second issue is whether increased cardiac and central vascular volume necessarily leads to 

an improved perfusion of non-splanchnic organs such as the kidneys. In the aforementioned 

study, Wong et al demonstrated that TIPS is associated with reduced renal vascular resistance, 

improvement of renal perfusion, and glomerular filtration rate (from 66 ml/min to 103 ml/min 

at 14 months; p<0.05) [46]. Levels of plasmatic renin activity and aldosterone both 

significantly increased at baseline, and returned to within normal ranges at 6 and 14 months 

(renin: - 417% and - 500%; aldosterone: - 279% and - 367%, respectively; p<0.01). This 

confirms the trend observed in another study from the same authors in which plasmatic renin 

activity and aldosterone levels started to drop 1-2 weeks after stent deployment [29]. In fact, 

renal sodium excretion also increased early after TIPS (within 2 weeks) [29] and continued to 

improve thereafter (7, 22, 51 mmol/day at baseline, 6, and 14 months, respectively; p<0.05; 
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p<0.01) [46]. Interestingly, mean arterial pressure remained stable throughout the study 

period from 78 mmHg at baseline to 82 mmHg and 84 mmHg at 6 and 14 months, 

respectively. This may be explained by the increase in effective arterial blood volume which 

counteracts the decrease in neuro-hormonal systems.  

These renal and neuro-hormonal effects of TIPS were confirmed in previous reviews 

combining results from 16 different studies including 256 patients with cirrhosis who received 

TIPS (82% with RA) [47, 50].  

In another retrospective study evaluating the effects of polytetrafluoroethylene (PTFE)-

covered TIPS in 140 cirrhotic patients with RA, after a median follow-up of 94.6 months, 

only 5% achieved control of ascites with no need for diuretics and/or LVP. In the remaining 

patients, 49% of patients had ascites controlled using diuretics, 26% required sporadic 

paracentesis, and 20% still required frequent LVPs [20]. In one study including 12 patients 

with RA and followed 1 month after TIPS and in whom diuretics were discontinued, Wong et 

al. found that 17% of patients had a complete resolution of ascites within 1 month, 50% had 

incomplete resolution of ascites, and 33% had no further need of paracentesis but still 

experienced an increase in body weight due to recurrence of ascites [29]. In a further analysis 

extending the follow-up period to 14 months, the same authors found that all patients 

achieved resolution of ascites within 6 months after TIPS by adding diuretics [46]. The 

heterogeneity in the timing required to achieve clinical control of ascites may reflect a 

variable interaction among the cardio-circulatory, neuro-hormonal, and renal responses to 

TIPS insertion. A better understanding of such effects in a given patient could be clinically 

relevant as it may lead to more individualized management before and after TIPS insertion. 

This assertion is based on the hypothesis that the control of ascites could be more effectively 

achieved and the risk of side effects could be reduced using a strategy that takes into account 
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the hemodynamic changes observed after TIPS deployment rather than focusing on achieving 

a predetermined PCPG reduction irrespective of individual patient characteristics.  

Preliminary evidence indicates that TIPS is also associated with a decrease in inflammatory 

markers [51], which potentially reflects a TIPS-driven improvement of systemic inflammation 

due to reduced translocation of bacteria and PAMPs from the leaky gut. The time to achieve 

this decrease may vary depending on the baseline severity of the liver disease and PHT, which 

may further explain the heterogeneity in the timing of response to TIPS between patients with 

recurrent and refractory ascites [1, 52]. 

It should be noted, however, that most studies investigating the early and late effects of TIPS 

in patients with ascites are relatively old, included few patients with relatively short follow-

up, and did not assess hemodynamics, blood volume distribution, and renal response using 

gold standard methods [1, 29, 37, 46, 52-55]. Of note, patients were only assessed in the 

supine position. Further comprehensive studies with a well-defined clinical setting are, 

therefore, still needed and, by clarifying the hemodynamic and non-hemodynamic 

consequences of TIPS, may help improve the clinical management of patients with ascites 

undergoing TIPS.  
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IV. Portocaval shunting for the treatment of ascites in cirrhosis: Selection of patients 

 

Patients with difficult to treat ascites, particularly those with refractoriness to medical 

treatment, usually present with poor nutritional status and reduced quality of life [1, 56]. TIPS 

has been proposed in selected patients with cirrhosis and ascites and may increase transplant-

free survival [3, 57]. However, the efficacy and the risk of side-effects of TIPS depends on the 

interplay among multiple patient characteristics. TIPS can be harmful in patients with 

advanced chronic liver dysfunction and can be responsible for the onset of hepatic 

encephalopathy (HE) or for worsening preexisting HE [58, 59]. In addition, the effectiveness 

of TIPS may differ between patients with recurrent ascites and those with RA. Finally, non-

hepatic factors such as cardiac and kidney function may also affect clinical response after 

TIPS [1, 3, 60]. 

 

a. Risk of hepatic encephalopathy and death after TIPS: two key issues that should be 

carefully evaluated before TIPS insertion 

HE is the main complication of TIPS and is associated with reduced quality of life and 

increased mortality [61]. Furthermore, when placed in patients with advanced liver disease, 

TIPS may induce development of liver failure which may precipitate the need for liver 

transplantation [62, 63]. 

The main risk factors for the development of post-TIPS overt HE include prior HE, advanced 

liver dysfunction [Child-Pugh class C, Model for End-Stage Liver Disease (MELD) 

score >18] [21, 57, 64],  older age [65], increased creatinine level [65],  hyponatremia, and 

sarcopenia [1, 58, 66-68].  

Nardelli et al proposed a prognostic model based on age, bilirubin levels, and the presence of 

pre-existing covert HE [69]. The final model (age/10 + Child–Pugh score + 4.88 if covert HE 
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is present) had an area under the curve (AUC) of 0.75 for prediction of HE following TIPS. 

Using a cut-off of 17, the sensitivity of the model was 0.77, specificity was 0.75, positive 

predictive value was 0.64, and negative predictive value was 0.83, indicating that, in the 

population studied, a value <17 was able to accurately select patients at low risk of HE after 

TIPS. Of note, 77% of the patients included in this study had cirrhosis related to excessive 

alcohol intake or to chronic viral hepatitis. Whether the emerging etiology of NASH cirrhosis 

influences the risk of HE following TIPS insertion is currently unknown and should be 

evaluated in further studies.  

Regarding survival, another study proposed the use of a simple predictive model based on 

bilirubin level and platelet count [70]. The one-year survival rate was 73% in patients who 

had both a bilirubin level <50 µmol/L (or 3 mg/dL) and a platelet count >75,000/mm3 

compared to 31% in those with either a bilirubin level >50 µmol/L or a platelet count 

<75,000/mm3. A recent study assessed the usefulness of 10 predictive models in 280 patients 

with recurrent or RA treated with TIPS [71]. The MELD score was combined with serum 

sodium and age (MELD score + [0.3×(age, years)] − [0.7×(Na, mmol/L)] + 100). The AUC 

values for the “integrated” MELD score for predicting survival at 6, 12, and 24 months were 

0.75, 0.75, and 0.71, respectively. Remarkably, the “integrated” MELD score had the best 

performance in predicting survival compared to all other tested models, both in patients with 

recurrent ascites and in those with RA. Outcomes after TIPS significantly differed between 

patients with “integrated” MELD score <32, between 32 and 38, and >38, with 2-year 

transplant-free survival rates of 71%, 57%, and 26%, respectively [71]. In another recent 

study that included patients who received TIPS for RA (25% of the study population) and 

secondary prophylaxis for variceal bleeding (75% of the study population), Bettinger et al 

proposed the Freiburg index of post-TIPS survival (FIPS) score to identify high-risk patients 

with a poor prognosis after TIPS ([1.43×(log10 bilirubin, mg/dL)] – [1.71×(1/creatinine, 
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mg/dL)] + [0.02×(age, years)] – [0.02×(albumin, g/L)] + 0.81) [72]. Overall survival 

probability was equal to S0(t)exp(FIPS+0.12), where S0(1) is 0.96, S0(3) is 0.87, and S0(6) is 0.81 

for 1, 3, and 6-month time points (t) after TIPS placement. The FIPS score had higher 

discriminative ability than all other prognostic models with a c-index of 0.741 and 0.716 for 

3- and 6-month survival. In the sub-analysis including only patients with RA, the c-index of 

the FIPS score was 0.961 and 0.705 for 3- and 6-month survival, respectively.   

Although helpful, these studies have some biases, such as their retrospective nature, inclusion 

of a heterogeneous population of patients, and lack of strong validation, that limit their use in 

clinical practice at the individual patient level. However, it is clear that the risk of liver failure 

and/or HE increases with the degree of liver impairment and, therefore, TIPS indication 

should be considered on a case-by-case basis for the treatment of ascites in patients with 

severe hepatic dysfunction, a statement that differs from the situation when TIPS is discussed 

as a life-saving treatment for the management of PHT-related bleeding [58, 73-75]. 

The potential reversibility of PHT and liver dysfunction if the etiological factor of cirrhosis 

has been eliminated should also be taken into account when TIPS is considered for ascites. 

Cure/removal of etiological factor(s) responsible for chronic liver disease has a major positive 

impact on the natural history of cirrhosis [76]. In fact, etiological cure/removal may not only 

reduce disease progression but also reverse the disease from decompensation to 

recompensation [77]. Theoretically, by achieving recompensation without placing a TIPS, one 

would also prevent potential shunt-related complications. Unfortunately, at present there is no 

strong method to identify patients in whom cure/removal of etiological factors is associated 

with control of ascites [77]. This is particularly true for patients with alcohol-related liver 

disease who discontinue alcohol consumption and may also be relevant for those with 

hepatitis B or C virus infection-related cirrhosis who achieve viral suppression [75, 77-82]. In 

patients with alcohol-related liver disease, improvement of liver function may take ≥ 3 
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months after alcohol withdrawal to be measurable, which may be a reasonable delay to 

reassess indication for TIPS [83].  

Overall, accurate selection of candidates who have minimal risk of liver function deterioration 

and/or HE after TIPS remains challenging and the decision to place TIPS for ascites is often 

made on a case-by-case basis. In all cases, contraindications for TIPS need to be balanced 

against its potential benefit. Of note, available data summarized in this section only concern 

short- or medium-term consequences following TIPS insertion on patient outcomes. To the 

best of our knowledge, no data exist on long-term consequences following exposure of organs 

to blood that bypasses the liver and comes directly from the gut. This may be relevant for 

some organs, especially the brain in these patients already exposed to a risk of HE due to 

impaired liver function. Currently, experts advocate that TIPS is contraindicated in patients 

with a history of recurrent or persistent overt HE or in those with advanced liver dysfunction 

defined by a Child–Pugh score >13 or a MELD score >19 [74, 84, 85]. However, there is 

insufficient evidence to recommend a cut-off value for bilirubin, MELD score, or Child-Pugh 

score above which TIPS should be contraindicated as a treatment for RA [58]. 

 

b. Importance of ascites classification on outcome: recurrent vs. refractory ascites 

RA refers to ascites that cannot be resolved or that recurs early after LVP and cannot be 

prevented by medication [1, 86]. According to the original criteria of the International Club of 

Ascites, recurrent/recidivant ascites is defined as the requirement of ≥3 LVPs within one year 

despite dietary sodium restriction and adequate diuretic dosage [1, 77, 87]. However, in a 

recent randomised controlled trial (RCT) by Bureau et al assessing the impact of TIPS on 

survival, recurrent ascites was defined as “ascites requiring at least 2 LVPs within a period of 

at least 3 weeks” in patients with well-preserved liver and renal function treated with 

intermediate dosage of diuretics [21].  
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Most available data on the usefulness of TIPS in ascites concern patients with RA who 

received bare stents. Four RCTs have evaluated the usefulness of TIPS in patients with RA 

[22, 23, 26, 53] and two have evaluated mixed cohorts of patients with both recurrent and 

refractory ascites [24, 25]. These results were synthesized in six meta-analyses that all came 

to the conclusion that TIPS was effective in preventing ascites recurrence in approximately 

50% of patients without clearly worsening the risk of HE [3, 52, 88-91]. The effect of TIPS 

on patient survival is not as clear. The individual patient meta-analysis by Salerno et al, that 

included data from four of the five RCTs available in 2007, identified a transplant-free 

survival benefit in the TIPS group [3]. However, this meta-analysis did not include Lebrec’s 

RCT in which survival was significantly lower in patients receiving TIPS [53]. A more recent 

RCT by Narahara et al also demonstrated a significant improvement in survival in patients 

receiving bare stent TIPS compared to patients receiving standard medical treatment (overall 

survival at 1 year: 80% vs. 49%, p<0.005), a finding that may be related to inclusion of 

patients with well-preserved liver and kidney function (the mean MELD score was 9.6 in the 

TIPS group and 10 in the medical arm) [23]. 

In the era of PTFE-covered TIPS, only one RCT has assessed the usefulness of TIPS in 

patients with recurrent ascites [21]. Of note, 30% of the patients included in this study had 

previous variceal bleeding and 20% had a history of renal failure. The 1-year survival rate of 

patients in the TIPS group was significantly higher than that of control patients treated with 

standard-of-care (93% vs. 52%, p=0.003). In addition, HE did not occur more frequently in 

the TIPS group. Interestingly, values for age, bilirubin, sodium, and MELD score of the 

patients included in the Bureau et al study were very close to those of the patients included in 

the Narahara et al study on RA [23], suggesting that these variables are important 

determinants of post-TIPS outcome, a postulation that was originally proposed by Salerno in a 

seminal meta-analysis published 10 years before [3]. 
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While current guidelines allow the use of TIPS both in patients with recurrent and refractory 

ascites (Figure 3) [1], the robustness of the definition proposed by Bureau et al for the 

identification of patients who would benefit from TIPS insertion needs confirmation in 

independent cohorts. Furthermore, it is still unsettled whether earlier placement of TIPS (i.e., 

in patients with recurrent ascites rather than with RA) may influence long-term outcomes (>1 

year). Although promising, data on the efficacy of PTFE-covered stent-grafts in recurrent 

ascites require further confirmation [58]. Further studies should also focus on the 

identification of negative prognostic factors before TIPS according to the classification of 

ascites.   

Finally, if the promising results of the ANSWER study [92] on the efficacy of long-term 

human albumin infusions in controlling ascites and improving survival are confirmed [77], 

this approach deserves to be assessed in patients in whom PTFE-covered TIPS are used for 

“early ascites”, either as an alternative treatment to TIPS or in combination with TIPS [93]. 

 

c. Non-hepatic prognostic factors influencing outcomes after TIPS  

Several non-hepatic factors may affect outcomes after TIPS insertion for ascites. 

Cardiac decompensation 

Recent data suggest that cardiac decompensation occurs in 10%-20% of patients after TIPS 

insertion [94-96]. As discussed above, TIPS causes a sudden increase in cardiac preload. In 

patients with pre-existing alterations of cardiac reserve, such as CCM or a cardiopathy related 

to other causes, this cardiac hemodynamic stress may result in cardiac failure. Therefore, 

identification of patients with cardiomyopathy, regardless of its underlying nature, is of major 

importance in patients who are potential candidates for TIPS [1]. Previous studies found that 

diastolic dysfunction, either defined by a pre‐TIPS E/A ratio (which corresponds to the ratio 

of peak velocity blood flow from left ventricular relaxation in early diastole [the E wave] to 
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peak velocity flow in late diastole caused by atrial contraction [the A wave]) ≤1 [95] or by an 

E/A ratio ≤1 one month after TIPS insertion [97] was associated with mortality. However, 

E/A ratio alone is not enough to diagnose diastolic dysfunction [98]. Although recent 

guidelines recommend a detailed assessment of cardiac function in TIPS candidates, they also 

acknowledge that accurate markers of cardiac dysfunction are currently lacking [1]. A 

potential way to assess baseline cardiac function and its response to TIPS may be to perform 

right heart catheterization at baseline (before TIPS placement) and immediately after stent-

graft opening. Indeed, these hemodynamic measurements provide information on the 

presence/severity and development of post-capillary pulmonary hypertension, a fair indicator 

of left heart diastolic function [28, 58]. 

In a recent prospective study specifically dedicated to assessment of the risk of heart failure 

following TIPS insertion, several cardiac echocardiographic parameters reflecting diastolic 

dysfunction and pre-TIPS brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic 

peptide (NT-proBNP) were associated with the risk of post-TIPS liver failure [94]. More 

specifically, absence of diastolic dysfunction criteria at echocardiography, a level of BNP <40 

pg/mL, and a NT-proBNP <125 pg/mL allowed identification of patients with a negligible 

risk of cardiac decompensation. On the other hand, the presence of aortic stenosis was 

associated with cardiac decompensation. In this study, cardiac decompensation was the cause 

of death after TIPS in 5 out of the 18 deaths and 3 of the 5 patients who died from cardiac 

complications within one year had aortic stenosis at the time of TIPS insertion. A main issue 

of this study, however, is that patients with potential risk factors for cardiac decompensation, 

such as aortic stenosis, were included. As these factors are generally considered to be 

contraindications for TIPS placement [58], the findings by Billey et al [94] need confirmation 

in independent cohort studies excluding patients without known cardiac contraindications for 

TIPS. 
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As discussed for HE, it is currently unknown whether the etiology of cirrhosis might influence 

the risk of cardiovascular events after TIPS insertion. Patients with NASH are at increased 

risk of cardiovascular events [99], particularly those with advanced liver fibrosis [100]. Thus, 

these patients may be at higher risk of cardiac decompensation after TIPS and would need a 

particularly careful assessment of cardiovascular comorbidities prior to TIPS procedures. As 

NASH has now become a leading cause of chronic liver disease worldwide [101], there is an 

urgent need for prospective studies investigating the impact of comorbidities and their 

treatment on the outcome of patients with NASH who undergo TIPS placement.  

 

Older age 

Few data are available regarding the impact of age on prognosis following TIPS insertion as 

patients older than 70-75 years were usually excluded from RCTs. However, age is a well-

known independent predictor of HE [102] and survival [3, 72] in patients undergoing TIPS. It 

could be hypothesized that increasing age above 60-65 years would compromise outcomes 

after TIPS. However, current evidence from retrospective cohorts is too limited to draw any 

conclusion regarding the impact of age on clinical control of ascites and survival in elderly 

patients [103, 104]. Awaiting further data in patients who are not candidates for liver 

transplantation because they are considered too old, indication for TIPS may be considered on 

a case-by-case basis [58, 68].   

Sarcopenia 

Sarcopenia, defined as a generalized and progressive loss of skeletal muscle mass, is a risk 

factor for developing HE after TIPS. In a prospective study performed in 46 patients, 

undergoing TIPS, the 21 who developed HE after TIPS placement all had sarcopenia [66]. In 

a larger prospective cohort including 107 patients with RA, pre-TIPS sarcopenia 

independently predicted development of post-TIPS HE but not patient survival [105]. On the 
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other hand, TIPS has been associated with skeletal muscle gain and reduced risk of HE [106-

108], which may translate into increased survival [109]. These apparently conflicting results 

may be related to patient selection and/or difference in definition of sarcopenia. Currently, the 

optimal way to assess the level of sarcopenia above which the risk of HE significantly 

increases remains to be defined and should be investigated in further prospective cohorts. 

Kidney injury 

The importance of kidney injury in the setting of ascites treated with TIPS is related to two 

issues: the impact of pre-TIPS renal failure on post-TIPS outcome and the impact of TIPS on 

kidney function in patients with pre-existing renal dysfunction.  

Regarding the first issue, prospective studies investigating the role of TIPS in RA observed 

that the most common predictive factors of unfavorable response to TIPS were creatinine 

level or clearance [110-113]. This is not surprising as preserved kidney function is important 

to achieve elimination of ascites (see also pathophysiological consequences of TIPS) (Figures 

1 and 3). Furthermore, pre-TIPS increased creatinine is predictive of post-TIPS overt HE [65]. 

Therefore, current international and national guidelines recommend assessment of kidney 

function, either by creatinine levels or glomerular filtration rate, in patients undergoing TIPS 

[58, 74]. These considerations may be particularly important in patients with NASH cirrhosis 

in whom the risk of kidney dysfunction is potentially higher due to associated comorbidities 

(e.g., hypertension, diabetes) than in those with different etiologies of liver disease. While 

awaiting further data on the impact of renal comorbidities on the outcome of patients with 

NASH cirrhosis undergoing TIPS, a particularly careful assessment of renal function in these 

patients seems advisable.  

Most RCTs that have investigated the efficacy and safety of TIPS in RA excluded patients 

with a baseline creatinine >3 mg/dL and a baseline creatinine above this value has been 

considered a contraindication for TIPS [74]. However, this black-and-white approach seems 
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unfeasible due to the multifactorial nature of kidney dysfunction in cirrhosis (organic vs. 

functional; chronic and progressive vs. acute). Therefore, there is insufficient evidence to 

recommend an absolute value of serum creatinine or a certain degree of chronic kidney 

disease for which TIPS should be contraindicated [58]. Similarly, it is unclear whether TIPS 

is absolutely contraindicated in patients on renal replacement therapy [58].  

Regarding the second issue, TIPS improves kidney function in the majority of patients [114, 

115]. One study showed that improvements in serum creatinine were greater in patients with 

more severe baseline renal dysfunction [116]. However, it should be noted that patients 

included in this study had only moderate kidney dysfunction (mean creatinine level was 

between 1.2 and 1.9 mg/dL). Evaluation of kidney response to TIPS according to etiology of 

liver disease should also be further investigated. Few data are available in patients with type I 

or II HRS (HRS-acute kidney injury [AKI] and HRS-non-AKI [NAKI] following the new 

proposed classification [117] awaiting liver transplantation. Renal improvement was observed 

in studies including a limited number of patients with HRS-AKI [118, 119]. In a meta-

analysis including nine studies, improvement of renal function was also observed in patients 

with RA further complicated by HRS-AKI or HRS-NAKI and treated with TIPS. One-year 

survival was 47% in those with HRS-AKI and 64% in patients with HRS-NAKI [120]. In this 

setting, TIPS may be considered as a bridge to liver transplantation in selected patients. 

However, evidence supporting the use of TIPS in patients with severely impaired kidney 

function is limited [121]. Therefore, the decision to place TIPS in patients with kidney 

dysfunction is usually made on a case-by-case basis and taking into account other predictors 

of outcome.  

 

d. Conclusion and future perspectives  
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In conclusion, the efficacy and the risk of side-effects of TIPS placed for treating ascites 

depends on a combination of patient characteristics including age, degree of liver dysfunction, 

history of HE, type of ascites (recurrent or RA), and non-hepatic factors such as cardiac and 

kidney function. The potential weight of etiological cure (i.e., treatment of chronic viral 

hepatitis, alcohol cessation) should also be considered. However, it is as yet unclear how to 

accurately identify patients with a high chance of hepatic improvement and resolution of 

clinically significant portal hypertension after the etiological factor is cured/controlled. 

Overview graphics on the role of TIPS and identification of the “ideal” candidate for TIPS 

insertion in the setting of ascites occurring in cirrhosis are provided in Figures 3 and 4. 

Further studies are required to improve identification of patients in whom the benefit of TIPS 

for ascites can be maximized and, particularly, to define the best timing to implement TIPS in 

the natural history of ascites. 
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V. Intrahepatic portocaval shunting: technical considerations  

General considerations regarding patient preparation for TIPS (i.e., liver imaging, antibiotic 

prophylaxis, use of blood products) have been recently described elsewhere [58, 74] and are 

not discussed in this review. One specific note for patients with tense ascites is to perform an 

LVP prior to TIPS to avoid medialization of the liver and its main venous branches, and to 

facilitate extubation when general anesthesia is used. 

The key technical step of TIPS placement is the portal vein puncture [122, 123], which is 

facilitated by ultrasound guidance [124]. The stent-graft is released with creation of an 

artificial conduit between the PV (at high-pressure) and the IVC (at low pressure) [122, 123]. 

Therefore, from a functional perspective, TIPS is similar to a side-to-side porto-systemic 

shunt [125].  

Understanding the technical issues of the TIPS procedure, from deployment and dilation of 

the stent-graft (type, shape, diameter) to the assessment of early and late hemodynamic effects 

is clinically important to achieving control of ascites without increasing the risk of shunt-

related adverse events [58, 74, 77]. 

 

a. Technical issues associated with the TIPS procedure.   

The most important advancement in TIPS has been the introduction of PTFE-covered stent-

grafts. Covered stents have essentially abolished the risk of TIPS stenosis due to uncontrolled 

proliferation of a neo-intima inside the stent lumen [4, 126, 127]. This was a major drawback 

of bare stents that were responsible for re-intervention in up to 60% of patients within 1 year 

[57, 128]. Unlike patients with thrombophilic conditions, such as those with Budd-Chiari 

syndrome, TIPS thrombosis due to blood clotting in cirrhosis is rare [129], and should raise 
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suspicion for TIPS mispositioning (further discussed below) or unrecognized thrombophilic 

conditions. 

Three RCTs evaluating patency of TIPS for the treatment of various complications of PHT 

have demonstrated improved patency with PTFE-covered versus bare stents [130-132]. Two 

of these RCTs also demonstrated a reduced risk of clinical relapse in patients receiving PTFE-

covered stent-grafts [130, 132]. In the third RCT, rate of clinical relapse after TIPS was 

comparable between the groups (22% vs. 35%) [131]. Regarding HE, one RCT indicated a 

reduced risk with covered versus bare stents [133], while two others did not find any 

significant difference [131, 132]. 

In the most recent RCT using PTFE-covered stent-grafts in 29 patients with recurrent ascites 

[21], only 1 patient experienced TIPS thrombosis (1-year primary patency rate 97%) 

compared with a significantly higher incidence of TIPS dysfunction in the most recent RCT 

using bare stents in refractory ascites (1-year primary patency rate 18%) [23]. Furthermore, 

the 1-year survival after TIPS was higher in patients who had PTFE-covered TIPS than 

patients treated with bare stents despite similar liver and kidney dysfunction (93% vs. 80%, 

respectively) [21, 23]. Therefore, in addition to improvements in patient selection, it is likely 

that the use of PTFE-covered stent-grafts also improves survival [21]. As a result, current 

international guidelines recommend the use of PTFE-covered stent-grafts for the treatment of 

ascites in cirrhosis [1, 58, 77, 134]. 

As stent dysfunction is now relatively uncommon, further practical improvements in TIPS 

procedures should aim to reduce the risk of shunt-related adverse events such as HE and liver 

failure. Ideally, TIPS should effectively reduce the PCPG without shunting an excessive 

amount of blood from the PV towards the right atrium. In fact, an excessive diversion of 

portal inflow may lead to a detrimental cardiac response which, together with an insufficient 
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hepatic arterial buffer response, favors development of hepatic ischemia and liver failure [18, 

135-137]. This hypothesis needs to be evaluated in further studies investigating changes in 

hepatic perfusion and cardiac hemodynamics before and after TIPS insertion. 

From a physiological point of view, resistance to blood flow (and therefore PCPG) is 

inversely related to the radius elevated to the fourth power (Poiseuille law, Figure 2). In line 

with this issue, the position and shape of the stent may affect PCPG. When technically doable, 

the stent-graft should be placed in a central position (i.e., between the right branch of the PV 

and the main right hepatic vein). Experts advocate that this type of “straight” TIPS may be 

more effective for decreasing the PCPG than a peripheral “C-shaped” TIPS (Figure 5). In fact, 

the cross-sectional area of a C-shaped TIPS tends to be elliptical and, therefore, would lead to 

increased resistance to blood flow and higher PCPG [60]. Furthermore, a higher resistance to 

blood flow may increase the risk of stent-graft thrombosis, a complication that may require 

TIPS revision and insertion of a new, “in parallel” stent-graft (Figure 5). 

Additional reasons for stent-graft dysfunction are related to mispositioning and/or incorrect 

release of the stent-graft  [138, 139]. It is important that the stent-graft is long enough to cover 

the whole segment from inside the PV (uncovered part of the TIPS) to the intra-hepatic tract 

and the entire length of the hepatic vein (covered part of the TIPS), until the junction with the 

IVC. Otherwise, an endothelial hyperplasia will develop due to shear stress in correspondence 

to the non-stented tract of the hepatic vein, which causes stenosis, increased PCPG, and TIPS 

dysfunction (Figure 6) [138, 139]. Not surprisingly, a recent study demonstrated that a short 

“TIPS-distal end positioning”, as defined by a <6 mm distance between the distal end of the 

stent-graft and the hepato-cava junction, is highly predictive of recurrent complications of 

PHT after TIPS [140]. However, it is also important that TIPS does not compromise future 

liver transplantation. Therefore, the stent-graft should not extend towards the splenic/superior 



 
TIPS in ascites 

 

mesenteric vein confluence as this may disrupt surgical PV anastomosis [122, 123]. Similarly, 

a stent-graft placed near or into the right atrium may make surgical IVC anastomosis more 

challenging [122, 123].  

Portal vein thrombosis (PVT) is the most common thrombotic complication in decompensated 

cirrhosis [141, 142]. The placement of TIPS in cirrhosis patients with RA and PVT can be 

technically complex, especially if the PVT is chronic and extends to the intrahepatic branches 

and/or is associated with cavernomatous transformation [122]. However, in a recent series 

from a tertiary care center including 66 patients with cirrhosis and PVT – mostly complete 

and 48% with cavernomatous transformation - TIPS placement was successful in 98% of the 

cases [143]. A systematic review including cirrhosis patients with PVT who underwent TIPS 

for various complications of PH showed that TIPS was feasible in 95% of patients [144]. 

Therefore, even in technically difficult cases, good results are achievable in highly specialized 

centers to which cirrhosis patients with RA and PVT should be referred.  

 

b. Effect of TIPS diameter on clinical outcome in patients undergoing TIPS for ascites. 

Following portal vein puncture and creation of an intra-parenchymal channel between the 

portal and hepatic vein using a balloon for angioplasty, the stent-graft is deployed and may be 

dilated with balloons of progressively increasing size (from that used to create the 

parenchymal channel to that equal to the nominal diameter of the stent-graft). Each dilation 

corresponds to increased reduction of blood flow resistance, lower PCPG, and increased 

shunting of splanchnic blood towards the right atrium (Figure 2). As discussed above, 

however, the final PCPG depends on multiple factors that are not entirely predictable nor 

controllable, which explains the difficulty encountered when trying to predict the final PCPG 

decrease in a given patient [45]. 



 
TIPS in ascites 

 

Previous studies have demonstrated that the achievement of a hepatic vein pressure gradient 

<12 mmHg (either by drugs or TIPS) or a decrease of PCPG of more than 50% from baseline 

value eliminated the risk of recurrent variceal hemorrhage [77]. Recurrent variceal 

hemorrhage and de novo ascites after TIPS were mostly observed in patients with a post-TIPS 

PCPG >12 mmHg [4]. Therefore, a post-TIPS PCPG <12 mmHg was initially proposed as a 

hemodynamic target of TIPS, independent of the indication [145].  

Several studies have investigated the correlation between post-TIPS PCPG and clinical 

response in patients with RA. In one study of 122 patients who underwent TIPS, Casado et al 

correlated clinical events with hemodynamic findings, reporting that all 26 patients who 

developed ascites after TIPS had a PCPG >12 mmHg. However, not all patients with a post-

TIPS PCPG >12 mmHg developed de novo ascites, indicating that additional factors were 

involved [4]. In a multicenter RCT of 109 patients with ascites randomized to medical therapy 

or medical therapy + TIPS, Sanyal et al found no clear relationship between portal pressure 

reduction and recurrence of ascites (mean porto-systemic pressure gradient after TIPS was 8.3 

mmHg) [26]. Similarly, in a smaller retrospective study including 28 patients (the mean final 

gradient between the PV and the free hepatic vein was 8.6 mmHg), the post-TIPS porto-

hepatic gradient was not independently associated with clinical resolution of ascites [146]. 

Parvinian et al recently reported results from a retrospective study in 80 patients with ascites 

treated with TIPS (mean final pressure gradient between the PV and the right atrium was 6.8 

mmHg). Interestingly, there was no correlation between porto-atrial pressure gradient and 

clinical control of ascites (response rate for 8, 10, and 12 mmHg thresholds = 79%, 79%, 

78%, respectively; p=0.9) [147]. Therefore, the optimal PCPG decrease needed to control 

ascites remains controversial. It should be further highlighted that most of these studies are 

relatively old, included patients who received bare stents directly dilated to nominal diameter 
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(generally 10 mm), and had no clear definition/consensus on how and when to measure the 

PCPG after TIPS. Therefore, whether a post-TIPS PCPG target <12 mmHg is the best cut-off 

for patients receiving a covered stent for the treatment of ascites, independent of baseline 

PCPG, needs confirmation in well-designed RCTs. Furthermore, recent evidence suggests that 

reversal of additional, non-hemodynamic factors such as degree of systemic inflammation and 

cardiac or kidney structural impairment may influence control of ascites after TIPS, which 

further complicates accurate prediction of response in clinical practice [12, 13, 51, 117].  

Stent diameter may also influence the risk of side effects after TIPS and survival. Older series 

advocated that a larger PFTE-covered TIPS (10 mm) was likely to be superior to a smaller 

stent-graft (8 mm) in the control of RA [148, 149]. However, the probability of post-TIPS 

encephalopathy increases with the diameter of the shunt. In a recent RCT comparing 8 mm 

versus 10 mm covered TIPS for the prophylaxis of variceal rebleeding [150], the risk of 

recurrent bleeding was comparable between patients who had a TIPS dilated to 8 mm or 10 

mm while 2-year incidence of encephalopathy post-TIPS was lower in patients who had a 

smaller TIPS (27% vs. 43%, p=0.03). A propensity-matched analysis including patients who 

received TIPS for RA and variceal bleeding demonstrated increased survival in those who 

received PFTE covered 8 mm versus 10 mm stent-grafts [151]. A secondary finding of this 

study was a comparable survival in patients receiving a 10 mm stent-graft under-dilated to 8 

mm versus those receiving 10 mm stents dilated to nominal diameter. This would suggest that 

under-dilated self-expandable stents (VIATORR) may continue to spontaneously dilate over 

time until achieving their nominal diameter. Upon the introduction of controlled-expansion 

stent-grafts (VIATORR-CX), stents that cannot spontaneously dilate over the pre-set limit of 

8 mm unless by balloon dilation [152, 153], a recent study from the same group 

retrospectively compared 10 mm nominal diameter VIATORR-CX (under-dilated to 8 mm) 
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versus 10 mm nominal diameter VIATORR (under-dilated to 8 mm) versus 10 mm nominal 

diameter stent-graft (either VIATORR or VIATORR-CX) dilated to 10 mm  [154]. 

Interestingly, 1-year survival was higher in patients who received under-dilated VIATORR-

CX, intermediate in under-dilated VIATORR, and lowest in stent-grafts fully dilated to 

10 mm. The superiority of VIATORR-CX, however, was not confirmed in a recent analysis 

by Mansour et al [155], which highlights the fact that post-TIPS outcomes are also determined 

by additional factors such as patient characteristics [156]. 

Previous studies including small groups of patients suggested that 8 mm under-dilated 

VIATORR stents may spontaneously dilate over time [157-161]. However, in a large 

prospective cohort including patients undergoing TIPS for RA and recurrent bleeding who 

received VIATORR stents dilated to 6 mm, 7 mm, 8 mm, 9 mm, and 10 mm, Schepis et al 

demonstrated that [a] none of these stent-grafts really reached the nominal diameter; [b] only 

a minor proportion of under-dilated stent-grafts spontaneously dilated overtime in the range of 

1 mm; [c] 1-year incidence of hepatic encephalopathy was significantly lower in patients who 

received under-dilated stent-graft to 6 mm versus those who had TIPS dilated to higher values 

(from 7 mm to 10 mm) (27% vs. 54%, respectively), without difference in the risk of 

recurrent bleeding or ascites and without any episode of stent-graft thrombosis [102]. 

Contrary to previous observations that either used non-optimal methods such as ultrasound 

[160] or digital angiography [158, 159], or assessed VIATORR stent diameter/area in the 

intra-parenchymal tract [157, 161], Schepis et al used gold standard CT-scanning and found 

that stent-graft diameter remained stable in correspondence to fibrotic portal and hepatic vein 

walls, where an increased resistance to the radiation force of stent-graft is exerted [102]. If 

confirmed by further studies using the new generation of VIATORR-CX stents and 

investigating both ascites control and patient survival, these findings would, therefore, 
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indicate that a stent-graft under-dilated to <8 mm may be a pragmatic way to approach TIPS 

placement in patients with cirrhosis and ascites.  

 

c. DIPS as a technical alternative for difficult to place TIPS 

Direct intrahepatic portocaval shunt (DIPS) is an alternative radiological procedure in patients 

presenting with anatomical conditions that would make it infeasible to perform a traditional 

TIPS (Figure 7). Technically, DIPS consists of the direct placement of a stent-graft that 

connects the PV with the IVC. DIPS has been mostly used for patients with Budd-Chiari 

syndrome in whom hepatic vein remnants cannot be cannulated [162, 163].  

In patients with cirrhosis, examples of anatomical conditions that may require DIPS include a 

particularly long intra-parenchymal tract between the PV and the hepatic vein, presence of 

large obstacles between such as hepatic cysts or nodules, a distorted post-surgical anatomy 

[164], a particularly severe stiffness of the liver parenchyma [165], or a combination of these 

factors.  

The frequency of patients with cirrhosis eligible for DIPS who present with these anatomical 

conditions is unknown. A recent study suggests that this population could represent up to 5%-

10% of patients with an indication for TIPS [166]. In our 12-year experience in positioning 

TIPS in patients with cirrhosis, however, we had to perform a DIPS only in 1 patient with a 

very large, central enlargement of the liver (Figure 7). With the exception of Budd-Chiari 

syndrome [166], it seems unlikely that DIPS has a major role in the management of portal 

hypertension in cirrhosis. On the other hand, it is worthwhile to ensure that hepatologists are 

aware of this technique that can be used in the very select cases where conventional TIPS is 

not feasible. Long-term data on the safety and efficacy of DIPS in patients with cirrhosis, 

including the risk of stent stenosis due to fibrotic reaction of IVC, are needed. 
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d. Conclusion and future perspectives  

In conclusion, the significant improvement in TIPS technology, particularly the introduction 

of PTFE-covered stent-grafts, has helped improve clinical outcomes in patients undergoing 

TIPS for ascites, particularly with regard to reducing the risk of stent dysfunction. According 

to international guidelines, a “small” TIPS is currently recommended for the treatment of 

ascites (either recurrent or refractory) in patients with cirrhosis (EASL, AASLD, EASL). 

However, significant heterogeneity exists regarding the definition of “small” TIPS. This has 

been defined as a diameter <10 mm in the AASLD guidelines [134], of 8 mm in the North 

American Practice Based Recommendations [58], and has no clear definition in the European 

guidelines [1].  

Awaiting further evidence from well-designed RCTs and considering the additional factors 

that influence PCPG decrease and patient response/tolerance to TIPS, a stepwise approach 

that does not target a given reduction of PCPG may be a good pragmatic approach to TIPS 

placement for ascites. Using this approach, one could start with a small TIPS (for instance 

under-dilated to 6 mm) [60, 102] and progressively dilate the stent-graft based on clinical 

response, cardiac tolerance, and development of shunt-related adverse events. A large RCT 

comparing the safety and efficacy of this type of approach versus PCPG-guided TIPS 

placement in patients with cirrhosis and ascites is eagerly awaited.  

 

Conclusion 

In selected patients with ascites requiring repeated LVPs, TIPS using PTFE-covered stent-

graft improves control of ascites and survival. However, the hemodynamic effects of TIPS are 

not yet thoroughly understood, particularly with regard to how distribution of blood volume 
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and cardiac output change over time after TIPS. A better understanding of the hemodynamic 

consequences of TIPS insertion would help to identify the subgroup of patients with no 

reversal/progression of hyper-dynamic circulation in whom to evaluate the potential benefit of 

add-on therapy with non-selective beta-blockers. Similarly, refinements in definition of 

baseline hemodynamic state (hyper- vs. normo- vs. relatively hypo-dynamic) together with 

evaluation of post-capillary pulmonary hypertension in patients undergoing TIPS may 

improve clinical decision making regarding initial caliber of stent-graft. 

Systemic inflammation is becoming increasingly recognized as prominent driver of 

decompensated cirrhosis progression. In patients undergoing TIPS, severity of inflammation 

and its evolution after TIPS may affect both clinical response and risk of shunt-related 

adverse events, particularly in patients with negative prognostic factors such as CCM, kidney 

impairment, or history of HE.  

As resolution of inflammation-driven organ impairment and shutdown of hyper-activated 

neuro-hormonal systems may take time, a re-evaluation of hemodynamic changes after TIPS 

may help decide whether stent-graft dilation should be performed. Although stent-graft 

dilation can significantly reduce PCPG, thus potentially leading to improved control of 

ascites, this reduction is often unpredictable and uncontrollable. Furthermore, the cardiac 

response to the progressively increasing amount of shunted blood returned to the right atrium 

may be blunted due to an underlying CCM, thus favoring development of hepatic ischemia 

and acute liver function deterioration. Hence, in the individual patient, the positive effect of 

ascites resolution has to be carefully balanced against the potential risk of shunt-related 

complications. 

To improve our understanding of TIPS in patients with cirrhosis decompensated by ascites, a 

clear definition of recurrent ascites needs to be established and evaluated in multicenter 

RCTs. Indeed, identification of appropriate timing for TIPS placement is essential to prevent 
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further decompensation and increase survival. Of note, reversibility of liver dysfunction varies 

significantly across the spectrum of liver disease etiologies and this should be considered in 

defining indications and timing for TIPS.  

The optimal PCPG decrease after TIPS to control RA remains unclear. Based on available 

evidence, a one-size-fits-all strategy seems unrealistic and perhaps potentially inappropriate. 

By contrast, a stepwise approach of progressive stent-graft dilation with careful monitoring of 

TIPS-driven hemodynamic effects may be a pragmatic way to improve control of ascites and 

minimize the risk of shunt-related adverse events. Following the widespread adoption of 

controlled-expansion PTFE-covered stent-grafts, a multicenter RCT with clear standardization 

of patient evaluations, elements of TIPS procedure, and post-procedural follow-up is urgently 

needed to clarify the role of small stent-grafts in the management of cirrhosis patients with 

ascites. Such a strategy could improve individual patient outcomes and extend the use of TIPS 

in the setting of ascites.  
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Figure legends 

Figure 1 Title. Pathophysiology of portal hypertension. 

Figure 2 Title. Effect of increased diameter on the caliber of TIPS. 

Figure 2 Legend. Abbreviations: PHT: portal hypertension. 

Figure 3 Title. Classification of ascites in patients with cirrhosis and portal hypertension. 

Figure 4 Title. The “ideal” candidate for TIPS in the setting of cirrhosis and ascites. 

Figure 4 Legend. Abbreviations: HE: hepatic encephalopathy; MELD: Model for End-Stage 

Liver Disease; BNP: brain natriuretic peptide; NT-proBNP: N-terminal pro-brain natriuretic 

peptide. 

Figure 5 Title. Example of C-shaped TIPS and in-parallel TIPS. 

Figure 5 Legend: A) Revision of C-shaped TIPS in a patient who experienced recurrent 

ascites after TIPS; B) Evidence of complete thrombosis of the stent-graft; C) In-parallel 

deployment of a new straight stent-graft; D) Demonstration of the patency of the new TIPS. 

Figure 6 Title. Example of TIPS dysfunction due to incomplete covering of hepatic vein. 

Figure 6 legend: A) Revision of TIPS in a patient who experienced recurrent ascites after 

TIPS demonstrated stent-graft malposition due to incomplete covering of hepatic vein; B) A 

new coaxial stent-graft is placed inside the original stent-graft to cover the entire length of the 

HV past the junction with the IVC. The white bracket indicates the distance between distal 

markers of original and coaxial stent-grafts. Abbreviations: HV: uncovered tract of hepatic 

vein; IVC: Inferior vena cava at the junction with HV.  

Figure 7 Title. DIPS in a patient with cirrhosis. 

Figure 7 Legend: A) Arrow: puncture site of the intra-hepatic IVC; arrow head: puncture site 

of the right branch of the PV; B) Arrow: distal marker of PTFE-covered stent-graft; arrow 

head: stent-graft narrowing in correspondence of entry into the IVC. Abbreviations: DIPS: 
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direct intrahepatic portocaval shunt; PV: portal vein; IVC; inferior vena cava; PTFE: 

polytetrafluoroethylene. 

 

 

 

 

  

 

 

  



 
TIPS in ascites 

 

References 

1. European Association for the Study of the Liver. Electronic address eee, European 
Association for the Study of the L. EASL Clinical Practice Guidelines for the management of 
patients with decompensated cirrhosis. J Hepatol 2018;69:406-460. 
2. Jepsen P, Ott P, Andersen PK, Sorensen HT, Vilstrup H. Clinical course of alcoholic 
liver cirrhosis: a Danish population-based cohort study. Hepatology 2010;51:1675-1682. 
3. Salerno F, Camma C, Enea M, Rossle M, Wong F. Transjugular intrahepatic 
portosystemic shunt for refractory ascites: a meta-analysis of individual patient data. 
Gastroenterology 2007;133:825-834. 
4. Casado M, et al. Clinical events after transjugular intrahepatic portosystemic shunt: 
correlation with hemodynamic findings. Gastroenterology 1998;114:1296-1303. 
5. Morali GA, et al. Is sinusoidal portal hypertension a necessary factor for the 
development of hepatic ascites? J Hepatol 1992;16:249-250. 
6. Ripoll C, et al. Hepatic venous pressure gradient predicts clinical decompensation in 
patients with compensated cirrhosis. Gastroenterology 2007;133:481-488. 
7. Gracia-Sancho J, Marrone G, Fernandez-Iglesias A. Hepatic microcirculation and 
mechanisms of portal hypertension. Nat Rev Gastroenterol Hepatol 2019;16:221-234. 
8. Iwakiri Y. Pathophysiology of portal hypertension. Clin Liver Dis 2014;18:281-291. 
9. Abraldes JG, et al. Mild increases in portal pressure upregulate vascular endothelial 
growth factor and endothelial nitric oxide synthase in the intestinal microcirculatory bed, 
leading to a hyperdynamic state. Am J Physiol Gastrointest Liver Physiol 2006;290:G980-
987. 
10. Schrier RW, et al. Peripheral arterial vasodilation hypothesis: a proposal for the 
initiation of renal sodium and water retention in cirrhosis. Hepatology 1988;8:1151-1157. 
11. Aithal GP, et al. Guidelines on the management of ascites in cirrhosis. Gut 2021;70:9-
29. 
12. Engelmann C, Claria J, Szabo G, Bosch J, Bernardi M. Pathophysiology of 
decompensated cirrhosis: Portal hypertension, circulatory dysfunction, inflammation, 
metabolism and mitochondrial dysfunction. J Hepatol 2021;75 Suppl 1:S49-S66. 
13. Izzy M, et al. Redefining Cirrhotic Cardiomyopathy for the Modern Era. Hepatology 
2020;71:334-345. 
14. Cardenas A, Arroyo V. Mechanisms of water and sodium retention in cirrhosis and the 
pathogenesis of ascites. Best Pract Res Clin Endocrinol Metab 2003;17:607-622. 
15. Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms of 
decompensation and organ failure in cirrhosis: From peripheral arterial vasodilation to 
systemic inflammation hypothesis. J Hepatol 2015;63:1272-1284. 
16. Wiest R, Lawson M, Geuking M. Pathological bacterial translocation in liver cirrhosis. 
J Hepatol 2014;60:197-209. 
17. Kubes P, Mehal WZ. Sterile inflammation in the liver. Gastroenterology 
2012;143:1158-1172. 
18. Itkin M, et al. Portal flow and arterioportal shunting after transjugular intrahepatic 
portosystemic shunt creation. J Vasc Interv Radiol 2006;17:55-62. 
19. Stankovic Z, et al. Effect of TIPS placement on portal and splanchnic arterial blood 
flow in 4-dimensional flow MRI. Eur Radiol 2015;25:2634-2640. 
20. Bucsics T, et al. ePTFE-TIPS vs repetitive LVP plus albumin for the treatment of 
refractory ascites in patients with cirrhosis. Liver Int 2018;38:1036-1044. 



 
TIPS in ascites 

 

21. Bureau C, et al. Transjugular Intrahepatic Portosystemic Shunts With Covered Stents 
Increase Transplant-Free Survival of Patients With Cirrhosis and Recurrent Ascites. 
Gastroenterology 2017;152:157-163. 
22. Gines P, et al. Transjugular intrahepatic portosystemic shunting versus paracentesis 
plus albumin for refractory ascites in cirrhosis. Gastroenterology 2002;123:1839-1847. 
23. Narahara Y, et al. Transjugular intrahepatic portosystemic shunt versus paracentesis 
plus albumin in patients with refractory ascites who have good hepatic and renal function: a 
prospective randomized trial. J Gastroenterol 2011;46:78-85. 
24. Rossle M, et al. A comparison of paracentesis and transjugular intrahepatic 
portosystemic shunting in patients with ascites. N Engl J Med 2000;342:1701-1707. 
25. Salerno F, et al. Randomized controlled study of TIPS versus paracentesis plus 
albumin in cirrhosis with severe ascites. Hepatology 2004;40:629-635. 
26. Sanyal AJ, et al. The North American Study for the Treatment of Refractory Ascites. 
Gastroenterology 2003;124:634-641. 
27. Fili D, et al. Circulatory response to volume expansion and transjugular intrahepatic 
portosystemic shunt in refractory ascites: Relationship with diastolic dysfunction. Dig Liver 
Dis 2015;47:1052-1058. 
28. Turco L, et al. Cardiopulmonary hemodynamics and C-reactive protein as prognostic 
indicators in compensated and decompensated cirrhosis. J Hepatol 2018;68:949-958. 
29. Wong F, Sniderman K, Liu P, Blendis L. The mechanism of the initial natriuresis after 
transjugular intrahepatic portosystemic shunt. Gastroenterology 1997;112:899-907. 
30. Bernardi M, et al. Hyperdynamic circulation of advanced cirrhosis: a re-appraisal 
based on posture-induced changes in hemodynamics. J Hepatol 1995;22:309-318. 
31. Tazi KA, et al. Role of shear stress in aortic eNOS up-regulation in rats with biliary 
cirrhosis. Gastroenterology 2002;122:1869-1877. 
32. Hori N, Wiest R, Groszmann RJ. Enhanced release of nitric oxide in response to 
changes in flow and shear stress in the superior mesenteric arteries of portal hypertensive rats. 
Hepatology 1998;28:1467-1473. 
33. Fernandez M, et al. Inhibition of VEGF receptor-2 decreases the development of 
hyperdynamic splanchnic circulation and portal-systemic collateral vessels in portal 
hypertensive rats. J Hepatol 2005;43:98-103. 
34. Caporali C, et al. Proximal Splenic Artery Embolization to Treat Refractory Ascites in 
a Patient With Cirrhosis. Hepatology 2021;74:3534-3538. 
35. Luca A, et al. Effects of splenic artery occlusion on portal pressure in patients with 
cirrhosis and portal hypertension. Liver Transpl 2006;12:1237-1243. 
36. Caraceni P, et al. Muscle circulation contributes to hyperdynamic circulatory 
syndrome in advanced cirrhosis. J Hepatol 2008;48:559-566. 
37. Wong F, et al. Transjugular intrahepatic portosystemic stent shunt: effects on 
hemodynamics and sodium homeostasis in cirrhosis and refractory ascites. Ann Intern Med 
1995;122:816-822. 
38. Azoulay D, et al. Transjugular intrahepatic portosystemic shunt worsens the 
hyperdynamic circulatory state of the cirrhotic patient: preliminary report of a prospective 
study. Hepatology 1994;19:129-132. 
39. Turco L, Garcia-Tsao G, Rossi R, Villa E, Schepis F. Reply to: "It takes two "eyes" to 
see in depth". J Hepatol 2019;70:791-793. 
40. Praktiknjo M, et al. Cardiodynamic state is associated with systemic inflammation and 
fatal acute-on-chronic liver failure. Liver Int 2020;40:1457-1466. 



 
TIPS in ascites 

 

41. Moller S, Bendtsen F, Henriksen JH. Effect of volume expansion on systemic 
hemodynamics and central and arterial blood volume in cirrhosis. Gastroenterology 
1995;109:1917-1925. 
42. Gerbes AL, Gulberg V, Waggershauser T, Holl J, Reiser M. Transjugular intrahepatic 
portosystemic shunt (TIPS) for variceal bleeding in portal hypertension: comparison of 
emergency and elective interventions. Dig Dis Sci 1998;43:2463-2469. 
43. Stanley AJ, Redhead DN, Bouchier IA, Hayes PC. Acute effects of transjugular 
intrahepatic portosystemic stent-shunt (TIPSS) procedure on renal blood flow and 
cardiopulmonary hemodynamics in cirrhosis. Am J Gastroenterol 1998;93:2463-2468. 
44. Huonker M, et al. Cardiac function and haemodynamics in alcoholic cirrhosis and 
effects of the transjugular intrahepatic portosystemic stent shunt. Gut 1999;44:743-748. 
45. Ho H, et al. Hemodynamic analysis for transjugular intrahepatic portosystemic shunt 
(TIPS) in the liver based on a CT-image. IEEE Trans Med Imaging 2013;32:92-98. 
46. Wong W, Liu P, Blendis L, Wong F. Long-term renal sodium handling in patients 
with cirrhosis treated with transjugular intrahepatic portosystemic shunts for refractory 
ascites. Am J Med 1999;106:315-322. 
47. Rossle M. TIPS: 25 years later. J Hepatol 2013;59:1081-1093. 
48. Colombato LA, et al. Haemodynamic adaptation two months after transjugular 
intrahepatic portosystemic shunt (TIPS) in cirrhotic patients. Gut 1996;39:600-604. 
49. Lotterer E, Wengert A, Fleig WE. Transjugular intrahepatic portosystemic shunt: 
short-term and long-term effects on hepatic and systemic hemodynamics in patients with 
cirrhosis. Hepatology 1999;29:632-639. 
50. Rossle M, Gerbes AL. TIPS for the treatment of refractory ascites, hepatorenal 
syndrome and hepatic hydrothorax: a critical update. Gut 2010;59:988-1000. 
51. Jansen C, et al. Increase in liver stiffness after transjugular intrahepatic portosystemic 
shunt is associated with inflammation and predicts mortality. Hepatology 2018;67:1472-1484. 
52. Bai M, et al. TIPS improves liver transplantation-free survival in cirrhotic patients 
with refractory ascites: an updated meta-analysis. World J Gastroenterol 2014;20:2704-2714. 
53. Lebrec D, et al. Transjugular intrahepatic portosystemic shunts: comparison with 
paracentesis in patients with cirrhosis and refractory ascites: a randomized trial. French Group 
of Clinicians and a Group of Biologists. J Hepatol 1996;25:135-144. 
54. Quiroga J, et al. Transjugular intrahepatic portal-systemic shunt in the treatment of 
refractory ascites: effect on clinical, renal, humoral, and hemodynamic parameters. 
Hepatology 1995;21:986-994. 
55. Salerno F, et al. Humoral and cardiac effects of TIPS in cirrhotic patients with 
different "effective" blood volume. Hepatology 2003;38:1370-1377. 
56. Lai JC, et al. Malnutrition, Frailty, and Sarcopenia in Patients With Cirrhosis: 2021 
Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 
2021;74:1611-1644. 
57. Bureau C, et al. Improved clinical outcome using polytetrafluoroethylene-coated stents 
for TIPS: results of a randomized study. Gastroenterology 2004;126:469-475. 
58. Boike JR, et al. North American Practice-Based Recommendations for Transjugular 
Intrahepatic Portosystemic Shunts in Portal Hypertension. Clin Gastroenterol Hepatol 2021. 
59. Lepida A, et al. Systematic review with meta-analysis: automated low-flow ascites 
pump therapy for refractory ascites. Aliment Pharmacol Ther 2019;50:978-987. 
60. Bosch J. Small diameter shunts should lead to safe expansion of the use of TIPS. J 
Hepatol 2021;74:230-234. 
61. Rose CF, et al. Hepatic encephalopathy: Novel insights into classification, 
pathophysiology and therapy. J Hepatol 2020;73:1526-1547. 



 
TIPS in ascites 

 

62. Brensing KA, et al. Long term outcome after transjugular intrahepatic portosystemic 
stent-shunt in non-transplant cirrhotics with hepatorenal syndrome: a phase II study. Gut 
2000;47:288-295. 
63. Luca A, Miraglia R, Maruzzelli L, D'Amico M, Tuzzolino F. Early Liver Failure after 
Transjugular Intrahepatic Portosystemic Shunt in Patients with Cirrhosis with Model for End-
Stage Liver Disease Score of 12 or Less: Incidence, Outcome, and Prognostic Factors. 
Radiology 2016;280:622-629. 
64. Lv Y, et al. Early TIPS with covered stents versus standard treatment for acute 
variceal bleeding in patients with advanced cirrhosis: a randomised controlled trial. Lancet 
Gastroenterol Hepatol 2019;4:587-598. 
65. Riggio O, et al. Incidence, natural history, and risk factors of hepatic encephalopathy 
after transjugular intrahepatic portosystemic shunt with polytetrafluoroethylene-covered stent 
grafts. Am J Gastroenterol 2008;103:2738-2746. 
66. Nardelli S, et al. Sarcopenia Is Risk Factor for Development of Hepatic 
Encephalopathy After Transjugular Intrahepatic Portosystemic Shunt Placement. Clin 
Gastroenterol Hepatol 2017;15:934-936. 
67. Praktiknjo M, et al. Sarcopenia Is Associated With Development of Acute-on-Chronic 
Liver Failure in Decompensated Liver Cirrhosis Receiving Transjugular Intrahepatic 
Portosystemic Shunt. Clin Transl Gastroenterol 2019;10:e00025. 
68. Rudler M, Mallet M, Sultanik P, Bouzbib C, Thabut D. Optimal management of 
ascites. Liver Int 2020;40 Suppl 1:128-135. 
69. Nardelli S, et al. Cognitive Impairment Predicts The Occurrence Of Hepatic 
Encephalopathy After Transjugular Intrahepatic Portosystemic Shunt. Am J Gastroenterol 
2016;111:523-528. 
70. Bureau C, et al. Serum bilirubin and platelet count: a simple predictive model for 
survival in patients with refractory ascites treated by TIPS. J Hepatol 2011;54:901-907. 
71. Li J, et al. Long-term survival prediction for transjugular intrahepatic portosystemic 
shunt in severe cirrhotic ascites: assessment of ten prognostic models. Eur J Gastroenterol 
Hepatol 2021;33:1547-1555. 
72. Bettinger D, et al. Refining prediction of survival after TIPS with the novel Freiburg 
index of post-TIPS survival. J Hepatol 2021;74:1362-1372. 
73. Deltenre P, et al. Early transjugular intrahepatic portosystemic shunt in cirrhotic 
patients with acute variceal bleeding: a systematic review and meta-analysis of controlled 
trials. Eur J Gastroenterol Hepatol 2015;27:e1-9. 
74. Fagiuoli S, et al. Consensus conference on TIPS management: Techniques, 
indications, contraindications. Dig Liver Dis 2017;49:121-137. 
75. Zanetto A, et al. Recent Advances in the Management of Acute Variceal Hemorrhage. 
J Clin Med 2021;10. 
76. Zaccherini G, Tufoni M, Bernardi M, Caraceni P. Prevention of Cirrhosis 
Complications: Looking for Potential Disease Modifying Agents. J Clin Med 2021;10. 
77. de Franchis R, et al. Baveno VII - Renewing consensus in portal hypertension. J 
Hepatol 2022;76:959-974. 
78. Bruno S, et al. Sustained virological response to interferon-alpha is associated with 
improved outcome in HCV-related cirrhosis: a retrospective study. Hepatology 2007;45:579-
587. 
79. Calvaruso V, Craxi A. Hepatic benefits of HCV cure. J Hepatol 2020;73:1548-1556. 
80. Deltenre P, et al. Gene signature-MELD score and alcohol relapse determine long-
term prognosis of patients with severe alcoholic hepatitis. Liver Int 2020;40:565-570. 



 
TIPS in ascites 

 

81. Louvet A, et al. Main drivers of outcome differ between short term and long term in 
severe alcoholic hepatitis: A prospective study. Hepatology 2017;66:1464-1473. 
82. Vandenbulcke H, et al. Alcohol intake increases the risk of HCC in hepatitis C virus-
related compensated cirrhosis: A prospective study. J Hepatol 2016;65:543-551. 
83. Veldt BJ, et al. Indication of liver transplantation in severe alcoholic liver cirrhosis: 
Quantitative evaluation and optimal timing. Journal of Hepatology 2002;36:93-98. 
84. Horhat A, Bureau C, Thabut D, Rudler M. Transjugular intrahepatic portosystemic 
shunt in patients with cirrhosis: Indications and posttransjugular intrahepatic portosystemic 
shunt complications in 2020. United European Gastroenterol J 2021;9:203-208. 
85. Italian Association for the Study of the L. Portal Hypertension and Ascites: Patient-
and Population-centered Clinical Practice Guidelines by the Italian Association for the Study 
of the Liver (AISF). Dig Liver Dis 2021;53:1089-1104. 
86. Moore KP, et al. The management of ascites in cirrhosis: report on the consensus 
conference of the International Ascites Club. Hepatology 2003;38:258-266. 
87. Arroyo V, et al. Definition and diagnostic criteria of refractory ascites and hepatorenal 
syndrome in cirrhosis. International Ascites Club. Hepatology 1996;23:164-176. 
88. Albillos A, Banares R, Gonzalez M, Catalina MV, Molinero LM. A meta-analysis of 
transjugular intrahepatic portosystemic shunt versus paracentesis for refractory ascites. J 
Hepatol 2005;43:990-996. 
89. D'Amico G, Luca A, Morabito A, Miraglia R, D'Amico M. Uncovered transjugular 
intrahepatic portosystemic shunt for refractory ascites: a meta-analysis. Gastroenterology 
2005;129:1282-1293. 
90. Deltenre P, et al. Transjugular intrahepatic portosystemic shunt in refractory ascites: a 
meta-analysis. Liver Int 2005;25:349-356. 
91. Saab S, Nieto JM, Lewis SK, Runyon BA. TIPS versus paracentesis for cirrhotic 
patients with refractory ascites. Cochrane Database Syst Rev 2006:CD004889. 
92. Caraceni P, et al. Long-term albumin administration in decompensated cirrhosis 
(ANSWER): an open-label randomised trial. Lancet 2018;391:2417-2429. 
93. Garcia-Tsao G. Long-term albumin in cirrhosis: is it the ANSWER? Lancet 
2018;391:2391-2392. 
94. Billey C, et al. A Prospective Study Identifying Predictive Factors of Cardiac 
Decompensation After Transjugular Intrahepatic Portosystemic Shunt: The Toulouse 
Algorithm. Hepatology 2019;70:1928-1941. 
95. Rabie RN, Cazzaniga M, Salerno F, Wong F. The use of E/A ratio as a predictor of 
outcome in cirrhotic patients treated with transjugular intrahepatic portosystemic shunt. Am J 
Gastroenterol 2009;104:2458-2466. 
96. Ruiz-del-Arbol L, et al. Diastolic dysfunction is a predictor of poor outcomes in 
patients with cirrhosis, portal hypertension, and a normal creatinine. Hepatology 
2013;58:1732-1741. 
97. Cazzaniga M, et al. Diastolic dysfunction is associated with poor survival in patients 
with cirrhosis with transjugular intrahepatic portosystemic shunt. Gut 2007;56:869-875. 
98. Mitter SS, Shah SJ, Thomas JD. A Test in Context: E/A and E/e' to Assess Diastolic 
Dysfunction and LV Filling Pressure. J Am Coll Cardiol 2017;69:1451-1464. 
99. Sanyal AJ, et al. Prospective Study of Outcomes in Adults with Nonalcoholic Fatty 
Liver Disease. N Engl J Med 2021;385:1559-1569. 
100. Francque SM, van der Graaff D, Kwanten WJ. Non-alcoholic fatty liver disease and 
cardiovascular risk: Pathophysiological mechanisms and implications. J Hepatol 2016;65:425-
443. 
101. Zanetto A, et al. New Indications for Liver Transplantation. J Clin Med 2021;10. 



 
TIPS in ascites 

 

102. Schepis F, et al. Under-dilated TIPS Associate With Efficacy and Reduced 
Encephalopathy in a Prospective, Non-randomized Study of Patients With Cirrhosis. Clin 
Gastroenterol Hepatol 2018;16:1153-1162 e1157. 
103. Li Y, et al. Short outcome comparison of elderly patients versus nonelderly patients 
treated with transjugular intrahepatic portosystemic stent shunt: A propensity score matched 
cohort study. Medicine (Baltimore) 2017;96:e7551. 
104. Stockhoff L, et al. Safety and feasibility of transjugular intrahepatic portosystemic 
shunt in elderly patients with liver cirrhosis and refractory ascites. PLoS One 
2020;15:e0235199. 
105. Benmassaoud A, et al. Sarcopenia Does Not Worsen Survival in Patients With 
Cirrhosis Undergoing Transjugular Intrahepatic Portosystemic Shunt for Refractory Ascites. 
Am J Gastroenterol 2020;115:1911-1914. 
106. Montomoli J, et al. Body composition changes after transjugular intrahepatic 
portosystemic shunt in patients with cirrhosis. World J Gastroenterol 2010;16:348-353. 
107. Plauth M, et al. Weight gain after transjugular intrahepatic portosystemic shunt is 
associated with improvement in body composition in malnourished patients with cirrhosis and 
hypermetabolism. J Hepatol 2004;40:228-233. 
108. Tsien C, Shah SN, McCullough AJ, Dasarathy S. Reversal of sarcopenia predicts 
survival after a transjugular intrahepatic portosystemic stent. Eur J Gastroenterol Hepatol 
2013;25:85-93. 
109. Dasarathy J, Alkhouri N, Dasarathy S. Changes in body composition after transjugular 
intrahepatic portosystemic stent in cirrhosis: a critical review of literature. Liver Int 
2011;31:1250-1258. 
110. Somberg KA, et al. Transjugular intrahepatic portosystemic shunts for refractory 
ascites: assessment of clinical and hormonal response and renal function. Hepatology 
1995;21:709-716. 
111. Crenshaw WB, et al. Severe ascites: efficacy of the transjugular intrahepatic 
portosystemic shunt in treatment. Radiology 1996;200:185-192. 
112. Deschenes M, et al. Predictors of clinical response to transjugular intrahepatic 
portosystemic shunt (TIPS) in cirrhotic patients with refractory ascites. Am J Gastroenterol 
1999;94:1361-1365. 
113. Nazarian GK, et al. Refractory ascites: midterm results of treatment with a transjugular 
intrahepatic portosystemic shunt. Radiology 1997;205:173-180. 
114. Allegretti AS, et al. Changes in Kidney Function After Transjugular Intrahepatic 
Portosystemic Shunts Versus Large-Volume Paracentesis in Cirrhosis: A Matched Cohort 
Analysis. Am J Kidney Dis 2016;68:381-391. 
115. Tan HK, James PD, Sniderman KW, Wong F. Long-term clinical outcome of patients 
with cirrhosis and refractory ascites treated with transjugular intrahepatic portosystemic shunt 
insertion. J Gastroenterol Hepatol 2015;30:389-395. 
116. Anderson CL, et al. Effect of transjugular intrahepatic portosystemic shunt placement 
on renal function: a 7-year, single-center experience. J Vasc Interv Radiol 2010;21:1370-
1376. 
117. Angeli P, Garcia-Tsao G, Nadim MK, Parikh CR. News in pathophysiology, definition 
and classification of hepatorenal syndrome: A step beyond the International Club of Ascites 
(ICA) consensus document. J Hepatol 2019;71:811-822. 
118. Guevara M, et al. Transjugular intrahepatic portosystemic shunt in hepatorenal 
syndrome: effects on renal function and vasoactive systems. Hepatology 1998;28:416-422. 
119. Wong F, Pantea L, Sniderman K. Midodrine, octreotide, albumin, and TIPS in selected 
patients with cirrhosis and type 1 hepatorenal syndrome. Hepatology 2004;40:55-64. 



 
TIPS in ascites 

 

120. Song T, et al. Transjugular intrahepatic portosystemic shunt for hepatorenal syndrome: 
A systematic review and meta-analysis. Dig Liver Dis 2018;50:323-330. 
121. Ponzo P, et al. Transjugular intrahepatic porto-systemic shunt in cirrhotic patients with 
hepatorenal syndrome - chronic kidney disease: Impact on renal function. Dig Liver Dis 2021. 
122. Ferral H, Bilbao JI. The difficult transjugular intrahepatic portosystemic shunt: 
alternative techniques and "tips" to successful shunt creation. Semin Intervent Radiol 
2005;22:300-308. 
123. Gaba RC, et al. Comprehensive review of TIPS technical complications and how to 
avoid them. AJR Am J Roentgenol 2011;196:675-685. 
124. Tavare AN, et al. Use of transabdominal ultrasound-guided transjugular portal vein 
puncture on radiation dose in transjugular intrahepatic portosystemic shunt formation. Diagn 
Interv Radiol 2017;23:206-210. 
125. Vizzutti F, et al. Transjugular intrahepatic portosystemic shunt (TIPS): current 
indications and strategies to improve the outcomes. Intern Emerg Med 2020;15:37-48. 
126. Lind CD, et al. Incidence of shunt occlusion or stenosis following transjugular 
intrahepatic portosystemic shunt placement. Gastroenterology 1994;106:1277-1283. 
127. Sahagun G, et al. Outcome of 100 patients after transjugular intrahepatic 
portosystemic shunt for variceal hemorrhage. Am J Gastroenterol 1997;92:1444-1452. 
128. Angermayr B, et al. Survival in patients undergoing transjugular intrahepatic 
portosystemic shunt: ePTFE-covered stentgrafts versus bare stents. Hepatology 
2003;38:1043-1050. 
129. Luca A, et al. Short- and long-term effects of the transjugular intrahepatic 
portosystemic shunt on portal vein thrombosis in patients with cirrhosis. Gut 2011;60:846-
852. 
130. Bureau C, et al. Patency of stents covered with polytetrafluoroethylene in patients 
treated by transjugular intrahepatic portosystemic shunts: long-term results of a randomized 
multicentre study. Liver Int 2007;27:742-747. 
131. Perarnau JM, et al. Covered vs. uncovered stents for transjugular intrahepatic 
portosystemic shunt: a randomized controlled trial. J Hepatol 2014;60:962-968. 
132. Wang L, et al. Efficacy of covered and bare stent in TIPS for cirrhotic portal 
hypertension: A single-center randomized trial. Sci Rep 2016;6:21011. 
133. Bureau C, et al. Patency of stents covered with polytetrafluoroethylene in patients 
treated by transjugular intrahepatic portosystemic shunts: long-term results of a randomized 
multicentre study. Liver Int 2007;27:742-747. 
134. Biggins SW, et al. Diagnosis, Evaluation, and Management of Ascites, Spontaneous 
Bacterial Peritonitis and Hepatorenal Syndrome: 2021 Practice Guidance by the American 
Association for the Study of Liver Diseases. Hepatology 2021;74:1014-1048. 
135. Gulberg V, Haag K, Rossle M, Gerbes AL. Hepatic arterial buffer response in patients 
with advanced cirrhosis. Hepatology 2002;35:630-634. 
136. Patel NH, et al. Increase in hepatic arterial blood flow after transjugular intrahepatic 
portosystemic shunt creation and its potential predictive value of postprocedural 
encephalopathy and mortality. J Vasc Interv Radiol 2001;12:1279-1284. 
137. Preibsch H, et al. Impact of transjugular intrahepatic portosystemic shunt implantation 
on liver perfusion measured by volume perfusion CT. Acta Radiol 2017;58:1167-1173. 
138. Cura M, et al. Causes of TIPS dysfunction. AJR Am J Roentgenol 2008;191:1751-
1757. 
139. Shah RP, Sze DY. Complications During Transjugular Intrahepatic Portosystemic 
Shunt Creation. Tech Vasc Interv Radiol 2016;19:61-73. 



 
TIPS in ascites 

 

140. Sun SH, et al. Predicting death or recurrence of portal hypertension symptoms after 
TIPS procedures. Eur Radiol 2022. 
141. Senzolo M, Garcia-Tsao G, Garcia-Pagan JC. Current knowledge and management of 
portal vein thrombosis in cirrhosis. J Hepatol 2021;75:442-453. 
142. Zanetto A, et al. Mortality in liver transplant recipients with portal vein thrombosis - 
an updated meta-analysis. Transpl Int 2018;31:1318-1329. 
143. Thornburg B, et al. Pretransplantation Portal Vein Recanalization and Transjugular 
Intrahepatic Portosystemic Shunt Creation for Chronic Portal Vein Thrombosis: Final 
Analysis of a 61-Patient Cohort. J Vasc Interv Radiol 2017;28:1714-1721 e1712. 
144. Rodrigues SG, et al. Systematic review with meta-analysis: portal vein recanalisation 
and transjugular intrahepatic portosystemic shunt for portal vein thrombosis. Aliment 
Pharmacol Ther 2019;49:20-30. 
145. Boyer TD, Haskal ZJ, American Association for the Study of Liver D. The Role of 
Transjugular Intrahepatic Portosystemic Shunt (TIPS) in the Management of Portal 
Hypertension: update 2009. Hepatology 2010;51:306. 
146. Nair S, Singh R, Yoselewitz M. Correlation between portal/hepatic vein gradient and 
response to transjugular intrahepatic portosystemic shunt creation in refractory ascites. J Vasc 
Interv Radiol 2004;15:1431-1434. 
147. Parvinian A, Bui JT, Knuttinen MG, Minocha J, Gaba RC. Transjugular intrahepatic 
portosystemic shunt for the treatment of medically refractory ascites. Diagn Interv Radiol 
2014;20:58-64. 
148. Miraglia R, et al. Transjugular Intrahepatic Portosystemic Shunts in Patients with 
Cirrhosis with Refractory Ascites: Comparison of Clinical Outcomes by Using 8- and 10-mm 
PTFE-covered Stents. Radiology 2017;284:281-288. 
149. Riggio O, et al. Clinical efficacy of transjugular intrahepatic portosystemic shunt 
created with covered stents with different diameters: results of a randomized controlled trial. J 
Hepatol 2010;53:267-272. 
150. Wang Q, et al. Eight millimetre covered TIPS does not compromise shunt function but 
reduces hepatic encephalopathy in preventing variceal rebleeding. J Hepatol 2017;67:508-
516. 
151. Trebicka J, et al. Smaller-Diameter Covered Transjugular Intrahepatic Portosystemic 
Shunt Stents Are Associated With Increased Survival. Clin Gastroenterol Hepatol 
2019;17:2793-2799 e2791. 
152. Miraglia R, et al. Transjugular Intrahepatic Portosystemic Shunt Using the New Gore 
Viatorr Controlled Expansion Endoprosthesis: Prospective, Single-Center, Preliminary 
Experience. Cardiovasc Intervent Radiol 2019;42:78-86. 
153. Srinivasa RN, Srinivasa RN, Chick JFB, Hage A, Saad WA. Transjugular Intrahepatic 
Portosystemic Shunt Reduction Using the GORE VIATORR Controlled Expansion 
Endoprosthesis: Hemodynamics of Reducing an Established 10-mm TIPS to 8-mm in 
Diameter. Cardiovasc Intervent Radiol 2018;41:518-521. 
154. Praktiknjo M, et al. Controlled underdilation using novel VIATORR(R) controlled 
expansion stents improves survival after transjugular intrahepatic portosystemic shunt 
implantation. JHEP Rep 2021;3:100264. 
155. Mansour S, Lemmers A, Trepo E, Moreno C, Deltenre P. The clinical advantage of 
fixed 8-mm diameter VCX stents over underdilated VTS stents is not established in refractory 
ascites. JHEP Rep 2021;3:100319. 
156. Praktiknjo M, et al. Reply to: "The clinical advantage of fixed 8-mm diameter VCX 
stents over underdilated VTS stents is not established in refractory ascites". JHEP Rep 
2021;3:100349. 



 
TIPS in ascites 

 

157. Gaba RC, et al. Should transjugular intrahepatic portosystemic shunt stent grafts be 
underdilated? J Vasc Interv Radiol 2015;26:382-387. 
158. Mollaiyan A, Bettinger D, Rossle M. The underdilation of nitinol stents at TIPS 
implantation: Solution or illusion? Eur J Radiol 2017;89:123-128. 
159. Borghol S, et al. Short- and long-term evolution of the endoluminal diameter of 
underdilated stents in transjugular intrahepatic portosystemic shunt. Diagn Interv Imaging 
2016;97:1103-1107. 
160. Pieper CC, et al. Prospective Evaluation of Passive Expansion of Partially Dilated 
Transjugular Intrahepatic Portosystemic Shunt Stent Grafts-A Three-Dimensional 
Sonography Study. J Vasc Interv Radiol 2017;28:117-125. 
161. Pieper CC, et al. Postinterventional passive expansion of partially dilated transjugular 
intrahepatic portosystemic shunt stents. J Vasc Interv Radiol 2015;26:388-394. 
162. Moschouri E, et al. DIPS, a safe and effective alternative in patients with unfavorable 
anatomy to TIPSS: first experience in a tertiary center. Clin Res Hepatol Gastroenterol 
2021;45:101715. 
163. Zanetto A, Pellone M, Senzolo M. Milestones in the discovery of Budd-Chiari 
syndrome. Liver Int 2019;39:1180-1185. 
164. Ward TJ, et al. Emergent salvage direct intrahepatic portocaval shunt procedure for 
acute variceal hemorrhage. J Vasc Interv Radiol 2015;26:829-834. 
165. Kawahara Y, et al. Direct intrahepatic portocaval shunt for refractory hepatic 
hydrothorax: a case report. Acute Med Surg 2017;4:306-310. 
166. Artru F, Moschouri E, Denys A. Direct intrahepatic portocaval shunt (DIPS) or 
transjugular transcaval intrahepatic portosystemic shunt (TTIPS) to treat complications of 
portal hypertension: indications, technique, and outcomes beyond Budd-Chiari syndrome. 
Clin Res Hepatol Gastroenterol 2022:101858. 
 



hep_32596_figure_1_final_revised_kj-01.eps



hep_32596_figure_2_revised_kj-01.eps



hep_32596_figure_3_revised_kj-01.eps



hep_32596_figure_4_revised_kj-01.eps



hep_32596_figure 5.eps



hep_32596_figure 6.eps



hep_32596_figure 7.eps


	Correspondence should be addressed to:



