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Abstract

Cirrhosis is often characterized by decreased liver function, 
ranging from a compensated, typically asymptomatic phase 
to a decompensated phase characterized by the appearance 
of ascites or variceal bleeding, and ultimately hepatorenal 
syndrome (HRS) or hepatopulmonary syndrome (HPS). The 
latter two complications are associated with a poor prog-
nosis and limited treatment efficacy. In cases of ascites or 
variceal bleeding resistant to medical therapy, transjugular 
intrahepatic portosystemic shunt (TIPS) is effective and safe. 
Shunting blood by TIPS diverts portal blood to the systemic 
circulation, potentially increasing systemic blood volume and 
benefiting renal function. However, TIPS could also divert ni-
tric oxide to the systemic circulation, potentially worsening 
systemic hypotension and perfusion, which could be detri-
mental to renal function. Available evidence indicates that 
TIPS often improves renal function in patients with portal hy-
pertension, with or without HRS. No studies have shown per-
sistently decreased renal function after TIPS. However, these 
data are insufficient to support a recommendation for the use 
of TIPS specifically for HRS. In patients without pre-existing 
HPS, TIPS does not appear to significantly affect pulmonary 
gas exchange. Results of TIPS in HPS have been inconsist-
ent; some studies have shown improvement, but effects 
were transient. No studies have shown a persistent decline 
in pulmonary function after TIPS. The evidence supports the 
need for large randomized controlled trials to investigate the 
beneficial effects of TIPS for HRS. Similar pulmonary function 
data are less clear regarding TIPS for HPS. The aim of the cur-
rent report was to review the literature regarding the effects 
of TIPS on renal and pulmonary function in hepatic decom-
pensation, with or without the development of HRS or HPS.
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Introduction
Cirrhosis is the fourth leading cause of mortality from non-
communicable diseases worldwide. In the US, approximately 
2.2 million adults have cirrhosis, with a mortality rate of 21.9 
per 100,000 people.1 The most common causes of cirrhosis 
are alcohol use, hepatitis C, and metabolic dysfunction-asso-
ciated steatohepatitis.2 Progressive loss of liver function can 
lead to a wide range of complications and hepatic decompen-
sation, including variceal bleeding, ascites, hepatic encepha-
lopathy, hepatorenal syndrome (HRS), and hepatopulmonary 
syndrome (HPS).3 Most cases of variceal bleeding respond to 
endoscopic hemostasis followed by administration of beta-
blockers to decrease splanchnic contribution to portal hyper-
tension and decrease the risk of recurrent bleeding.4 Ascites 
is managed by dietary salt restriction and diuretics,5 while 
hepatic encephalopathy usually responds to lactulose or non-
absorbable antibiotics such as rifaximin.6 When these signs 
of hepatic decompensation fail to respond, transjugular in-
trahepatic portosystemic shunt (TIPS) can be helpful in alle-
viating symptoms in patients with adequate hepatic function. 
However, terminal complications of hepatic decompensation, 
HRS, and HPS are particularly serious and dreaded due to 
limited treatment options, efficacy, and high mortality.7,8 
Both HRS and HPS are thought to result from systemic vaso-
dilation due to elevated levels of circulating vasodilators such 
as nitric oxide (NO) in hepatic decompensation.9 As cirrho-
sis progresses, there is increased intrahepatic resistance and 
subsequent increase in intravascular tone due to decreased 
intrahepatic NO. This increased resistance triggers the re-
lease of NO, carbon monoxide, and endocannabinoids from 
endothelial cells of the splanchnic vascular bed.10 This leads 
to progressive vasodilation of the splanchnic circulation and a 
subsequent decrease in systemic vascular resistance.11 Addi-
tionally, bacterial overgrowth and alterations of tight junction 
proteins in cirrhosis can facilitate bacterial translocation from 
the gut to the mesenteric lymph nodes.12 Bacterial translo-
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cation or active infection can increase levels of proinflamma-
tory cytokines such as interleukin (IL)-6, IL-12), and tumor 
necrosis factor (TNF).13 Other inflammatory mediators such 
as pathogen-associated molecular patterns and damage-
associated molecular patterns can mediate an inflammatory 
response linked to further vasodilatory circulatory derange-
ment.14 This state of systemic vasodilation in decompensat-
ed cirrhosis leads to worsening renal and pulmonary function 
and the development of HRS and HPS. Another contributing 
mechanism to the deterioration of renal function is renal un-
der-filling through activation of the renin-angiotensin-aldos-
terone system (RAAS). This activation compensates for the 
effects of splanchnic vasodilation on arterial circulation.15 In 
addition, cardiac output increases to maintain normal arterial 
pressure. In end-stage cirrhosis, cardiac output is unable to 
completely compensate for decreased vascular resistance.16 
Ultimately, hypovolemic circulation and arterial hypotension 
develop, contributing to pre-renal azotemia that can lead to 
irreversible renal dysfunction and HRS.17

Similarly, in hepatic decompensation, there is increased 
blood flow in a dilated pulmonary bed, which can lead to the 
passage of mixed venous blood to the pulmonary veins.18 
Diffusion of oxygen becomes limited because increased di-
ameters of the pulmonary vessels result in longer distances 
for oxygen to travel to bind to hemoglobin. In addition, arte-
rial venous shunts can occur, leading to the direct mixing of 
venous and arterial blood, resulting in worsening pulmonary 
function and ultimately HPS.19

As mentioned above, for some forms of decompensation 
such as intractable ascites and persistent variceal bleeding, 
TIPS can be an effective treatment if liver function is ad-
equate.20 However, because large amounts of NO normally 
enter the portal circulation from the splanchnic system, the 
diversion of blood away from the liver into the systemic circu-
lation could theoretically shunt NO to the systemic circulation 
and contribute to systemic vasodilation. On the other hand, 
increased blood flow from the portal circulation to the sys-
temic circulation by TIPS could increase systemic perfusion, 
ameliorating some of the extrahepatic complications due to 
low intravascular volume.21

TIPS procedure
The TIPS procedure involves placing a portosystemic shunt 
within the liver parenchyma to connect the portal vein to a 
hepatic vein. This minimally invasive procedure is performed 
percutaneously by inserting a catheter into a jugular vein 
and a stent into an intrahepatic branch of the portal vein. 
The newly created channel increases the flow of portal blood 
to the inferior vena cava, bypassing the liver and lowering 
portal pressure. TIPS is mainly indicated for the treatment 
of refractory conditions including variceal bleeding, ascites, 
hepatic hydrothorax, and gastropathy22,23

Safety and adverse effects of TIPS
Despite its efficacy in these patients, an important conse-
quence is a decrease in hepatic ammonia metabolism. The 
creation of a channel between the portal and systemic circu-
lation shunts ammonia directly into the systemic circulation, 
which results in hepatic encephalopathy in around 30% of 
patients.23,24 Masson et al. studied 197 patients who under-
went TIPS for refractory ascites or secondary prophylaxis for 
variceal bleeding. In 136 patients available for post-proce-
dural analysis, hepatic encephalopathy occurred in 38.2% 
of patients, with an actual incidence of 34.5% attributed to 
TIPS placement after excluding other causes. The authors 
demonstrated that pre-existing HE was the only significant 

predictive factor for subsequent HE occurrence after the pro-
cedure. A strength of the study was its ability to screen pa-
tients for ongoing alcohol consumption, which could falsely 
increase the incidence of HE attributed to TIPS. However, the 
sample size was small, recruited from a single institution, 
and 26% of post-TIPS patients were not available for analysis 
due to early mortality.25

Busk et al. assessed the effects of TIPS on blood volume 
distribution in patients with cirrhosis. Authors demonstrated 
increased central blood volume, preload, and subsequently 
inotropy in 25 cirrhotic patients after TIPS insertion. The 
authors assessed hemodynamic variations using initial right 
heart catheterization and subsequent echocardiography, 
which strengthened the study. However, the sample size 
was very small. Additionally, patients with cardiovascular 
impairment were not referred for the procedure, potentially 
introducing selection bias. Therefore, the impact of TIPS on 
worsening cardiovascular outcomes was not adequately as-
sessed.26 Another risk of TIPS is that the hepatic artery may 
theoretically assume an increased proportion of liver sinu-
soidal perfusion, posing a risk of worsening liver function if 
the arterial flow becomes compromised. Acute hepatic failure 
after TIPS can occur due to decreased portal perfusion pres-
sure and/or reversal of portal vein flow, resulting in hepatic 
ischemia in some cases. Depending on the configuration, 
TIPS carries the risk of occluding hepatic artery or portal vein 
branches, causing infarction in their distribution. TIPS can 
also occlude one or more hepatic veins, leading to hepatic 
failure resembling Budd-Chiari syndrome.27

Several pre-existing clinical conditions, such as heart fail-
ure, can worsen outcomes after TIPS. Absolute contraindica-
tions include active sepsis, severe pulmonary hypertension, 
decompensated congestive heart failure, and severe tricuspid 
regurgitation. Relative contraindications include well-com-
pensated heart failure, moderate pulmonary hypertension, 
severe obstructive arteriopathy, hepatic artery stenosis, and 
celiac artery stenosis that may prevent adequate sinusoidal 
perfusion. Previous episodes of hepatic encephalopathy must 
be considered when selecting TIPS candidates but should not 
be considered absolute contraindications.27,28

There have been no large randomized trials on the safety 
of TIPS specifically in patients with HRS and HPS. However, 
patients who develop these terminal syndromes usually have 
severe hepatic decompensation and typically high scores of 
model of end-stage liver disease (MELD).29,30 A recent study 
by Krishnan et al. showed that the MELD score might of-
fer a better prognostic tool for mortality in cirrhotic patients 
after TIPS compared to the newer MELD-Na score, although 
the study was retrospective.31 Earlier studies indicated that 
three-month survival after TIPS was significantly lower in pa-
tients with MELD scores >18 compared to those with lower 
MELD scores.32,33 Another study by Pan et al. showed that 
a MELD score greater than 15 was significantly associated 
with poor survival at 30 days, 90 days, and one year af-
ter TIPS placement.34 These differences in cutoffs could be 
attributed to variations in patient populations. Despite this 
consensus, a cohort study analyzing the association between 
TIPS outcomes and MELD in 106 TIPS patients and 79 pa-
tients with intractable ascites without TIPS revealed that 
high MELD scores and TIPS were independent risk factors 
for post-TIPS mortality. However, mortality increased consid-
erably less than expected after TIPS placement in patients 
with MELD scores >18. The authors suggested that TIPS did 
not independently increase the risk of death in patients with 
higher MELD scores, although the study sample was small.35 
A meta-analysis comparing TIPS versus large-volume para-
centesis in refractory ascites demonstrated improved prog-
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nosis and mortality across all MELD categories.36 Another 
cohort study by Lv et al. included patients with acute var-
iceal bleeding and found that early TIPS was associated with 
improved one-year survival in patients with MELD >19, but 
not in those with lower MELD scores, compared to patients 
receiving standard-of-care vasoactive drugs and endoscopic 
ligation.37 These results are significant as they indicate that 
despite theoretical risks, TIPS may benefit selected patients 
with high MELD scores and can still be offered in clinical prac-
tice with acceptable safety.38 More randomized controlled 
studies are needed to evaluate the safety of TIPS specifically 
in patients with HRS or HPS.

Effects of TIPS on renal function in hepatic decom-
pensation in the absence of HRS
A retrospective study by Allegretti et al. assessed the effects 
of TIPS on renal function in patients with refractory ascites 
without HRS. They compared 138 patients who underwent 
TIPS with 138 patients who underwent a series of large vol-
ume paracentesis. After 90 days, patients with estimated 
glomerular filtration rate (eGFR) less than 60 mL/m before 
TIPS showed a significant increase in their eGFR compared 
to those who only had paracentesis. There was no difference 
in patients with pretreatment glomerular filtration rate (GFR) 
greater than 60 mL/m between the two groups. The mortal-
ity rates between the groups were similar. However, routine 
documentation of parameters such as urine sodium, serum 
renin, and serum aldosterone was not performed.39

Lang et al. conducted a retrospective analysis of 593 pa-
tients with cirrhosis who underwent TIPS. Among the en-
rolled patients, 21.4% had serum creatinine >1.5 mg/
dL, while the rest had normal kidney function. The authors 
demonstrated that patients with elevated baseline creatinine 
experienced significant decreases in post-TIPS serum cre-
atinine (difference, −0.60 mg/dL). Furthermore, those with 
sustained elevation in creatinine 15 days after the procedure 
had a higher risk of one-year mortality. Although patients 
with baseline renal dysfunction showed significant improve-
ment after TIPS, data on intravenous hydration before and 
after TIPS placement were unavailable and could have influ-
enced outcomes.40

In a randomized controlled trial, Rossle et al. investigated 
the mortality benefit of TIPS compared to large-volume para-
centesis in patients with advanced cirrhosis. Out of 60 pa-
tients with refractory or recurrent ascites, 29 were assigned 
to TIPS treatment and 31 to large-volume paracentesis. Sur-
vival rates without liver transplantation in the shunt group 
were 69% and 58% at one year and two years, respective-
ly, compared to 52% and 32% in the paracentesis group. 
However, these results were not statistically significant. The 
study also showed that monthly follow-up of urinary vari-
ables revealed increased creatinine clearance from 41 ± 27 
mL per minute to 61 ± 36 mL per minute in the shunt group, 
along with a significant increase in urinary sodium excretion, 
whereas these variables remained unchanged in the para-
centesis group. The strengths of this study included randomi-
zation and intention-to-treat analysis. A limitation was the 
exclusion of patients with creatinine levels >3 mg/dL, and 
patients who died within three months were not included in 
the response analysis.41

Anderson et al. examined the effects of TIPS on renal 
function in 129 patients. Patients with a mean baseline cre-
atinine of 1.5 mg/dL improved to 1.1 mg/dL, while those 
with a mean baseline >2 mg/dL improved from 2.8 to 1.5 
mg/dL. The study demonstrated a direct correlation between 
the severity of renal dysfunction before TIPS and the degree 
of improvement after the procedure. However, 58 patients 

were lost to follow-up.42 No studies have shown persistently 
decreased renal function after TIPS.

HRS

Definition and epidemiology
HRS has a reported incidence of 20% during the first year af-
ter the diagnosis of decompensated cirrhosis, and up to 40% 
within five years thereafter.29–43 The terms HRS-acute kidney 
injury (HRS-AKI) and HRS-chronic kidney injury (HRS-CKD) 
have replaced the older definitions of HRS Type 1 and Type 
2, respectively. HRS-AKI is defined as an absolute increase in 
serum creatinine >0.3 mg/dL within 48 h, or urinary output 
<0.5 mL/kg/body weight in 6 h or more, or a 50% or greater 
increase in serum creatinine compared to the last available 
value within the past three months. HRS-CKD is defined as a 
GFR of less than 60 mL/m per 1.73 m2 for more than three 
months in the absence of renal structural causes.44 Some pa-
tients do not meet all the criteria for HRS-AKI but instead de-
velop a slowly progressive decline in renal function over time. 
Patients who do not fully recover after the initial episode of 
AKI may also fall into this category. If kidney function impair-
ment lasts for less than 90 days, it is termed hepatorenal 
syndrome-acute kidney disease (HRS-AKD). The definition of 
the terminology is renal function characterized by an eGFR 
less than 60 mL/m/1.73 m2 for less than 90 days without 
renal structural causes or less than a 50% increase in se-
rum creatinine compared to the last outpatient value within 
three months. If kidney impairment persists for more than 
90 days, it is called HRS-CKD.45,46 It is important to rule out 
other causes of renal diseases, including shock, withdrawal 
of diuretics, and the use of nephrotoxic medications.47

Common risk factors associated with HRS include system-
ic inflammation and infection, such as spontaneous bacte-
rial peritonitis, which has a reported incidence rate of 30% 
in HRS patients. Additionally, acute hemodynamic changes, 
such as those occurring in large-volume paracentesis with-
out albumin infusion, and massive variceal bleeding, can also 
precipitate HRS.48 In a retrospective study by Alessandria 
et al. involving 41 patients with HRS Type 1 and 64 patients 
with HRS Type 2, the authors demonstrated that patients 
with HRS Type 1 had more severe hepatic and renal derange-
ments and subsequent hemodynamic instability with lower 
arterial pressure. They had markedly higher serum levels of 
norepinephrine and vasopressin compared to the HRS Type 
2 group. The prognosis in the HRS Type 1 group was very 
poor and independent of the MELD score. In HRS Type 2, 
there was a significant increase in three-month mortality as-
sociated with increased MELD scores. For patients with MELD 
scores less than 20, the median survival duration was 11 
months, whereas for MELD scores greater than 20, the me-
dian survival duration was less than three months. However, 
these data were obtained before current advances in disease 
understanding and standard of care with albumin and vaso-
constrictors.49

Pathophysiology of HRS
The pathophysiology of HRS is thought to be mainly related 
to alterations in arterial circulation secondary to increases in 
portal pressure and hyperdynamic circulation (Fig. 1).50 Ad-
ditionally, more recent studies have suggested that increases 
in inflammatory mediators play a role in the circulatory and 
renal dysfunction that occurs in HRS.51

The role of systemic inflammation and cytokines: 
Sole et al. recruited 161 hospitalized patients with decom-
pensated cirrhosis, among whom 58 were diagnosed with 
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HRS-AKI, 63 had hypovolemia-induced AKI, and 44 had no 
kidney injury. The authors used a multiplex cytokine assay to 
detect 18 cytokines and vascular adhesion molecules, includ-
ing interferon gamma, IL-6, IL-8, IL-10, vascular endothelial 
growth factor (VEGF), and vascular cell adhesion molecule-1. 
Levels of systemic inflammatory mediators, leukocytes, and 
serum CRP were higher in the HRS group compared to con-
trols. Patients with HRS-AKI had significantly elevated levels 
of cytokines such as monocyte chemoattractant protein-1, 
IL-6, IL-8, and vascular cell adhesion molecule-1, indicating 
increased systemic inflammation and altered cytokine pro-
duction compared to patients with decompensated cirrhosis 
without kidney injury or those with AKI due solely to vol-
ume depletion. Additionally, the inflammatory response was 
not associated with active infection or acute-on-chronic liver 
failure (ACLF). Increased inflammation was most commonly 
correlated with HRS rather than ACLF. Patients with HRS-AKI 
without ACLF showed similar cytokine levels to those with 
HRS-AKI and ACLF. Furthermore, cytokine levels were not 
correlated with ACLF severity. However, IL-10 levels beyond 
the detection range were not assessed in this study, and the 

sample size was small.52

Systemic hypotension and compensatory response: 
Systemic arterial hypotension, low peripheral vascular resist-
ance, and increased cardiac output can trigger a compen-
satory homeostatic response that leads to systemic vaso-
constriction and volume expansion through activation of the 
RAAS, sympathetic nervous system, and release of arginine 
vasopressin to maintain normal arterial pressure. However, 
adverse consequences can result, including sodium and 
water retention and decreased free water excretion, which 
causes dilutional hyponatremia. In late stages, marked va-
soconstriction leads to decreased GFR and HRS.53 This com-
pensatory mechanism can ultimately result in circulatory 
dysfunction and cirrhotic cardiomyopathy, which can contrib-
ute to the development of HRS due to decreased effective 
circulatory volume.54 Nazar et al. demonstrated that diastolic 
dysfunction was found in 50–60% of patients with cirrhosis. 
However, the authors did not explain the correlation between 
cirrhotic cardiomyopathy and the severity of HRS.55

Ruiz-del-Arbol et al. investigated circulatory function in 
patients with cirrhosis before and after the development of 

Fig. 1.  Pathophysiology of the hepatorenal syndrome acute kidney injury (HRS-AKI). The progressive worsening of liver cirrhosis and portal hypertension 
(HTN) decreases intra-hepatic nitric oxide (NO), which is counterbalanced by increased NO secretion from adjacent endothelial cells. Bacterial translocation from 
ascites and gut barrier disruption lead to increased production of inflammatory cytokines and mediators into the systemic circulation, including interleukin (IL) 6 and 
12, pathogen-associated molecular patterns (PAMPs), and damage-associated molecular patterns (DAMPs). Both processes lead to splanchnic vasodilation, decreased 
systemic vascular resistance, and underfilling of the effective circulation. A compensatory mechanism occurs, and the renin-angiotensin-aldosterone system (RAAS) 
is activated, causing increased water retention, heart rate, and cardiac output. This increases renal vasoconstriction and decreases renal blood flow (RBF). Persistent 
vasodilation ultimately leads to renal hypoperfusion, sustained renal vasoconstriction, and may also contribute to cirrhotic cardiomyopathy, all contributing to the de-
velopment of HRS-AKI. DAMPs, damage-associated molecular patterns; HRS-AKI, hepatorenal syndrome acute kidney injury; IL, interleukin; NO, nitric oxide; PAMPs, 
pathogen-associated molecular patterns; Portal HTN, portal hypertension; RAAS, renin-angiotensin aldosterone system; RBF, renal blood flow.
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HRS. They followed 66 patients who had cirrhosis and tense 
ascites but normal kidney function, 27 of whom developed 
HRS. The HRS group had significantly higher hepatic venous 
pressure gradients, plasma renin activity, and serum norepi-
nephrine levels. Mean arterial pressure and cardiac output 
were lower compared to their baselines in patients who de-
veloped HRS. The authors demonstrated that plasma renin 
activity and cardiac output were the only independent pre-
dictors of HRS. The study had a small number of patients.11

Prostaglandins and vasoconstriction: Another conse-
quence of unopposed vasoconstriction is decreased produc-
tion of endogenous prostaglandins. Rimola et al. investigated 
the excretion of prostaglandin I2, E2, and thromboxane A2 in 
18 normal subjects, 49 patients with cirrhosis without renal 
dysfunction, and 20 patients with renal failure. Excretion of 
these prostaglandins in patients with cirrhosis and renal dys-
function was significantly lower compared to patients with re-
nal failure without cirrhosis. Additionally, cirrhotic patients had 
significantly higher levels of plasma renin activity, plasma an-
tidiuretic hormone, and norepinephrine. However, this study 
was conducted before the formulation of the current definition 
of hepatorenal syndrome and its diagnostic criteria.56

Gines et al. investigated whether the administration of 
prostaglandins could improve renal function in 16 cirrhotic 
patients with renal failure. After the administration of oral 
misoprostol or intravenous prostaglandin E2, there were no 
significant changes in glomerular filtration rate, sodium ex-
cretion, or free water clearance. Additionally, patients did not 
exhibit an improved natriuretic response to diuretics. Sup-
plemental prostaglandin E2 did not improve renal function in 
patients with cirrhosis. A weakness of this study was the very 
small patient sample.57

Preclinical studies
Preclinical studies have shown that hyperammonemia in a bile 
duct ligation (BDL) biliary cirrhosis model leads to up-regu-
lation of renal arginase-2 and down-regulation of arginino-
succinate synthase, causing intracellular arginine deficiency. 
Because arginine is an important substrate for NO synthe-
sis, its deficiency decreases endothelial nitric oxide synthase 
(eNOS) levels, resulting in tubular dilation, tubulointerstitial 
nephritis, and impaired microvascular flow. Furthermore, in 
human cultured proximal tubular cells, hyperammonemia up-
regulated arginase-2 and increased markers of tubular cell 
injury. Genetic deletion of arginase-2 reduced kidney injury 
and protected renal microcirculation. However, these findings 
may not apply to other cirrhosis etiologies and HRS.58

Management of HRS
Vasoconstrictors plus albumin infusion: Treatment of 
HRS remains very challenging. Several randomized trials 
have demonstrated the benefit of albumin infusion to in-
crease effective circulation volume when combined with va-
soconstrictors, especially terlipressin, to counteract splanch-
nic vasodilatation. This management is often considered a 
stabilization bridge to liver transplant.59,60 In a multicenter 
double-blinded study, Wong et al. assigned 300 patients with 
HRS in a 2:1 ratio to either receive terlipressin and albu-
min or placebo for 14 days. In the terlipressin group, 32% 
of patients experienced reversal of HRS compared to only 
17% in the placebo arm. However, serious complications in-
cluding cardiac ischemia, intestinal ischemia, and respiratory 
failure were more frequent in the treatment arm. The 90-day 
mortality rate due to respiratory failure was higher in the 
terlipressin group (11% vs. 2% in the placebo group). The 
authors used a composite primary endpoint for HRS, defined 

as two consecutive serum creatinine measurements ≤ 1.5 
mg/dL by day 14, absence of renal replacement therapy for 
10 days, and survival for at least 10 days, which strength-
ened the clinical significance of kidney function improve-
ment. Limitations included a lack of follow-up beyond the 
90-day study period and therefore, a lack of assessment of 
long-term outcomes. Additionally, the trial was not powered 
to assess between-group differences in survival.61

Another study demonstrated the benefit of midodrine and 
octreotide combined with albumin infusion in restoring renal 
function in 40% of patients. However, the sample size was 
very small with only 13 patients enrolled.62 A randomized 
controlled trial by Cavallin et al. showed that renal recovery 
was more likely in patients who received terlipressin plus al-
bumin compared to those who received albumin, octreotide, 
and midodrine (70.4% vs. 28.6%). However, randomization 
in the study was not optimal for ethical reasons, as some 
non-responders received rescue treatment, including crosso-
ver from one study regimen to another.63 A small randomized 
controlled trial indicated that norepinephrine might have effi-
cacy similar to terlipressin in improving renal function in HRS. 
Norepinephrine is inexpensive but must be administered in 
an intensive care unit under close hemodynamic surveil-
lance.64 Unfortunately, treatment with vasoconstrictors plus 
albumin has questionable long-term mortality benefits.62,63

Molecular adsorbent recirculation system: The mo-
lecular adsorbent recirculating system (MARS) is a modified 
dialysis technique that can remove albumin-bound toxins, 
serum bilirubin, and ammonia. Although earlier studies 
showed improvements in biochemical derangements in pa-
tients with cirrhosis, the actual benefit of MARS on survival 
is unproven.65 Banares et al. reported on a large randomized 
controlled trial using MARS in patients with ACLF. The study 
randomized 189 patients, of whom 58 had HRS, to re-
ceive either standard medical therapy alone or in addition 
to MARS. The primary endpoint was liver transplantation-
free survival within 28 days. Patients treated with MARS 
showed significant decreases in bilirubin levels. However, 
there were no statistically significant decreases in serum 
creatinine levels and no improvement in short- or mid-term 
survival between the two groups. The study had a small 
sample size.66 In 10 patients with HRS who received MARS 
treatment, there was a significant decrease in bilirubin and 
creatinine levels without changes in hemodynamic param-
eters. The study’s value was limited by the very small num-
ber of patients, but the results were consistent with findings 
from previous studies.67

Effects of TIPS on renal function in patients with HRS
A prospective study by Testino et al. assessed the effects 
of TIPS in 18 patients with refractory ascites and HRS Type 
2. The authors compared serum creatinine, creatinine clear-
ance, sodium excretion, and urine volume before interven-
tion and 12 weeks after TIPS. Complete resolution of ascites 
was achieved in 10 patients, while a partial response was 
seen in the remaining eight patients. Significant improve-
ment in renal parameters was observed in all patients. The 
authors suggested that TIPS could be an option in the treat-
ment of HRS as a bridge to orthotopic liver transplantation. 
However, the study did not assess long-term mortality out-
comes, and the sample size was small.68

Guevara et al. evaluated the effects of TIPS on renal func-
tion and vasoactive systems in seven patients with HRS Type 
1. Parameters such as GFR, renal plasma flow, plasma renin 
activity, norepinephrine, aldosterone, and endothelin levels 
were compared before, and 7 and 30 days after the proce-
dure. There was a marked decrease in portal pressure gradi-
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ents in all patients. The authors demonstrated very slow but 
significant improvement in renal function after one month, 
with GFR and renal plasma flow increasing two- or three-fold. 
Activity of RAAS and the sympathetic nervous system was 
significantly suppressed after TIPS, with decreased plasma 
renin activity, aldosterone, and norepinephrine levels. Six 
patients showed significant increases in free water clearance 
and urine sodium. Despite the improvement in kidney func-
tion, five patients died within nine, 22, 35, 45, and 102 days 
after insertion. The results were based on a small number of 
patients, and there was no control group included, limiting 
the validity of the study.69

Brensing et al. studied TIPS in 41 patients diagnosed with 
HRS. Fourteen had HRS Type 1, and 17 had HRS Type 2, 
receiving TIPS. Ten patients were excluded due to advanced 
liver failure and decreased liver residual capacity. TIPS sig-
nificantly reduced portal pressure gradient and increased 
creatinine clearance and sodium excretion. The three-, six-, 
and 12-month survival rates in the TIPS group were 81%, 
71%, and 48%, respectively, while only one patient in the 
non-TIPS group survived beyond three months. Hemodialysis 
was withdrawn in four out of seven patients, who survived at 
least 10 months. However, there was one procedure-related 
death (3.2%). The study had a small number of patients, and 
25% of high-risk patients were not included, which might 
have affected the outcomes.70

Wong et al. assessed the effects of combined vasocon-
strictor therapy, albumin, and TIPS in 14 patients with HRS 
Type 1 treated with a combination of midodrine, octreotide, 
and albumin for 14 days. Medical therapy improved renal 
function and sodium excretion in 10 of the 14 patients. Five 
patients who received TIPS showed improved renal function 
and sodium excretion to a normal range within 12 months. 
Furthermore, the authors demonstrated a decrease in renin 
and aldosterone levels and elimination of ascites. Despite 
the small sample size, the study showed a potential effect 
of TIPS on maintaining kidney function in patients with HRS 
after medical optimization rather than solely being an alter-
native to medical optimization.71

A meta-analysis by Song et al. included nine publications 
and 128 patients with HRS who received TIPS. The study 
demonstrated that after TIPS, patients had significant im-
provements in serum creatinine, blood urea nitrogen, serum 
sodium, and urine excretion. Renal function improved in 93% 
of HRS Type 1 and 83% of HRS Type 2 patients. The pooled 
survival rates after one year were 47% in HRS Type 1 and 
64% in HRS Type 2 patients. No procedure-related mortality 
was observed.72

In nine patients with acute alcoholic hepatitis and HRS 
Type 1, Testino et al. investigated the effects of TIPS on renal 
function and mortality. There was a significant improvement 
in serum creatinine, BUN, and urine volume. Changes in se-
rum or urine sodium were not significant.73

Ponzo et al. retrospectively studied the effects of TIPS in 
212 patients, of whom 41 met the criteria for HRS-CKD. Pa-
tients with previous liver transplantation or unresolved AKI 
at the time of TIPS placement were excluded. All patients 
had resistant or intractable ascites and were followed for a 
year after TIPS placement. Serum creatinine decreased sig-
nificantly one week after the procedure (from 1.94 ± 0.54 
mg/dL to 1.37 ± 0.23 mg/dL). Improvement in renal function 
was significant in all CKD stages and remained stable in sub-
sequent assessments, although none returned to baseline. 
In the 12-month follow-up, 17 patients were alive, 11 had 
liver transplants, and 12 died (29%). One patient was lost 
to follow-up. This was the first study to examine the effects 
of HRS-CKD with new criteria. The authors excluded patients 

who had AKI before TIPS placement. Limitations included a 
single-center study and a retrospective design. The study 
demonstrated the potential use of TIPS in HRS-CKD.74

As of this writing, Ripoll et al. are conducting a randomized 
controlled trial comparing the effectiveness and safety of 
TIPS placement in patients with HRS-AKI with standard 
treatment of vasopressin and albumin. The main endpoint is 
12-month liver transplant-free survival. In the TIPS group, 
the procedure will be performed within 72 h of diagnosis, 
and patients will be weaned off terlipressin and albumin after 
placement. This study is important as it will clarify whether 
TIPS could potentially be incorporated into routine clinical 
practice for managing patients with HRS-AKI.75

HPS

Definition and epidemiology
HPS is defined as hypoxemia secondary to pulmonary 
vascular dilatation in patients with liver disease and por-
tal hypertension or congenital portosystemic shunts. The 
prevalence of HPS in patients with end-stage liver disease 
reportedly ranges between 5% and 32%. HPS is character-
ized by the clinical triad of liver disease, arterial hypoxia, 
and intrapulmonary vasodilation.76 Other less common 
causes of HPS include non-cirrhotic portal hypertension, 
extrahepatic pulmonary fibrosis, and acute hepatitis.77 
Non-Hispanic white patients have been reported to be more 
likely to develop HPS compared to other groups.78 There 
are data supporting the association of the development of 
HPS with variations in genes encoding Von Willebrand fac-
tor and endoglin, a transmembrane auxiliary receptor for 
transforming growth factor-β, which are involved in vascu-
lar growth and development.79

Pathophysiology of HPS
Chronic liver disease and cirrhosis may lead to hypoxemia 
through various mechanisms. HPS is primarily caused by in-
trapulmonary vasodilation, whereas porto-pulmonary hyper-
tension results from pulmonary vasoconstriction. It is crucial 
to differentiate between these conditions despite their po-
tential to cause similar clinical presentations.80 Hypoxemia in 
HPS is mainly due to ventilation-perfusion mismatch, diffu-
sion defects in dilated pulmonary beds, and the presence of 
arterial-venous communications.81,82 The underlying patho-
physiology of this microvascular alteration is thought to in-
volve vasodilation attributed to increased levels of circulating 
endothelin-1, nitric oxide, and carbon monoxide. Bacterial 
translocation and endotoxemia may exacerbate vasodilation. 
Pulmonary angiogenesis is another significant contributor to 
impairment of the diffusion process (Fig. 2).81–83

HPS occurs more commonly in patients with advanced 
cirrhosis compared to those with early-stage cirrhosis.84 El-
evated plasma levels of endothelin-1 increase the production 
of eNOS by acting on endothelin B-receptors on endothelial 
cells.85 Additionally, bacterial translocation in the lungs in-
creases iNOS by accumulating macrophages in the lungs.76 
These processes result in significant vasodilation, creating 
intrapulmonary shunts and hyperdynamic circulation.79–81 
Another critical mechanism in the development of HPS in-
volves the activation of angiogenic growth factors such as 
VEGF, which promotes angiogenesis and exacerbates hyper-
dynamic circulation, leading to alveolar dysfunction.80 VEGF-
A and placental growth factor belong to the VEGF family and 
are produced by monocytes, triggering a cellular cascade by 
binding to tyrosine kinase receptors on the cell surface. VEGF-
A binds to VEGF receptor 2, responsible for pro-angiogenic 
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signaling.86 Although experimental studies have shown an 
increase in angiogenic growth factor levels, the exact mecha-
nism of their activation and the role of angiogenic pathways 
in gas exchange abnormalities in HPS remain unclear.83 In 
a randomized double-blinded controlled trial, Kawut et al. 
evaluated the effects of sorafenib, a tyrosine kinase inhibi-
tor, in patients with HPS. They included 30 patients with 
HPS who received 400 mg of sorafenib daily and 30 patients 
without HPS who received placebo treatment. The primary 

endpoint was a reduction in the alveolar-arterial oxygen gra-
dient after 12 weeks in patients with HPS. Secondary end-
points included the degree of intrapulmonary shunting and 
exercise capacity. The authors found no effects of sorafenib 
on the alveolar-arterial oxygen gradient or the degree of in-
trapulmonary shunting, despite reducing circulating levels of 
VEGFR-1 and 2. Patients did not experience improvements 
in exercise capacity or dyspnea symptoms. The study had 
several limitations, including a small number of HPS patients. 

Fig. 2.  Pathophysiology of Hepatopulmonary syndrome (HPS). Elevated plasma levels of endothelin-1 (ET-1) in combination with HPS increase endothelial 
nitric oxide synthase (eNOS) production by acting on endothelin B-receptors on endothelial cells. Additionally, bacterial translocation in the lungs increases inducible 
nitric oxide synthase (iNOS) through macrophage accumulation, resulting in significant nitric oxide (NO)-mediated vasodilation, intrapulmonary shunts, and hyperdy-
namic circulation. Another important mechanism in HPS involves activation of vascular endothelial growth factor A (VEGF-A), which promotes angiogenesis, worsens 
hyperdynamic circulation, and contributes to alveolar dysfunction. Progressive liver cirrhosis and subsequent gut barrier disruption increase production of vasodilators 
such as carbon monoxide (CO), endothelin 1 (ET-1), tumor necrosis factor (TNF) α, iNOS, and NO, leading to potent vasodilation causing intrapulmonary vasodilation 
(IPVD) and arterial venous (AV) shunting. This process can result in ventilation-perfusion (V/Q) mismatch and diffusion defects. Furthermore, the shear stress from 
hyperdynamic circulation and recruitment of inflammatory cells as macrophages type-2 (M2) affect endothelial cells, increasing their production of eNOS, VEGF, and 
ET-1 that exerts its action on ET-B receptors, further promoting vasodilation and angiogenesis, all contributing to HPS development. AV, arterial venous; CO, carbon 
monoxide; eNOS, endothelial nitric oxide synthase; ET-1, endothelin 1; ET-B, endothelin B; HPS, hepatopulmonary syndrome; iNOS, induced nitric oxide synthase; 
IPVD, intrapulmonary vasodilation; M2, macrophages type-2; NO, nitric oxide; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor; V/Q mismatch, 
ventilation-perfusion mismatch.
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Additionally, many patients underwent liver transplantation, 
necessitating their withdrawal from the study. Nevertheless, 
the observation that targeting an important component of 
the angiogenesis pathway in HPS did not improve outcomes 
supports the conclusion that other pathways may play more 
significant roles.87

Animal models of HPS
Experimental rat models showed that cholestatic cirrhosis 
secondary to BDL led to HPS with intrapulmonary vascular 
dilatation (IPVD).88 There was an association between in-
creased activity and production of eNOS and NO in BDL rats 
and the development of IPVD and subsequent shunting.89 
Ling et al. demonstrated an increase in hepatic and plasma 
endothelin-1 (ET-1) within one week of BDL, which persisted 
for three weeks. ET-1, elevated in humans with decompen-
sated cirrhosis,90 acts on the endothelin B receptor (ET-B) of 
endothelial cells, leading to up-regulation of eNOS and in-
creased NO production. The authors showed that eNOS and 
ET-B receptor levels increased in the pulmonary vasculature, 
corresponding with the development of HPS.91 However, 
whether the mechanisms of increased ET-1 in experimental 
HPS with BDL are the same in humans with cirrhosis and HPS 
has not been proven.92 Both shear stress and targeted over-
expression of ET-B in pulmonary microvascular endothelial 
cells resulted in enhanced eNOS activation through calcium-
mediated pathways.93

Stzyrmf et al. demonstrated that rat models with bacte-
rial translocation and increased plasma TNF-α had higher re-
cruitment of macrophages in lung tissues. This recruitment 
was associated with a higher incidence and severity of HPS 
than in rats without bacterial translocation.94 However, in-
creased production of TNF alone in thioacetamide cirrhosis 
model studies did not promote the development of molecular 
or pathological evidence of HPS.95 In a BDL model, preven-
tion of gram-negative bacterial translocation decreased the 
severity of HPS in rats. The percentage of macrophages in 
pulmonary vasculature, iNOS levels, and IPVD were signifi-
cantly decreased in antibiotic-treated rats compared to those 
that were not treated.96

Chen et al. demonstrated that M2 macrophages accumu-
lated after administration of granulocyte-macrophage colony-
stimulating factor and monocyte chemoattractant protein-1. 
This led to increased pulmonary fibrosis, progressive vascu-
lar dilation, hypoxemia, and subsequent development of HPS 
in BDL mice. This highlighted the role of M2 macrophages in 
pulmonary angiogenesis and fibrosis leading to HPS.97

A study by Chang et al. assessed the effects of sorafenib, 
a multi-kinase inhibitor, in BDL rats compared to a control 
group that received placebos. The study showed that ani-
mals treated with anti-angiogenesis therapy had decreased 
alveolar-arterial oxygen gradients, reduced VEGF levels, and 
significantly decreased intrapulmonary shunting.98

Diagnosis of HPS
The criteria proposed for the diagnosis of HPS include the 
presence of liver disease, arterial hypoxemia defined as an 
arterial oxygen pressure (PaO2) level below 80 mmHg, and 
an elevated alveolar-arterial oxygen gradient exceeding 15 
mmHg or more than 20 mmHg detected by arterial blood 
gas analysis in a seated position in patients over 64 years 
old. A hallmark finding in HPS is IPVD, which can typically be 
assessed using contrast-enhanced echocardiography. Under 
physiological conditions, injected contrast creates bubbles 
that are trapped in the pulmonary vascular bed. In contrast, 
in patients with HPS, the bubbles bypass the pulmonary cir-

culation and are seen on the left side of the circulation. The 
presence of IPVD can also be diagnosed using the macro-
aggregated albumin lung perfusion scan and pulmonary ar-
teriography. However, contrast-enhanced echocardiography 
remains the gold standard for screening for HPS.99

Management of HPS
Liver transplantation remains the only known and approved 
effective therapy for HPS. Gupta et al. assessed the out-
comes of 21 HPS patients who underwent liver transplanta-
tion, among whom 11 had severe HPS defined as arterial 
oxygen less than 50 mmHg on room air. The overall mortality 
rate was 4.7% (1/21), with a mortality rate of 9% (1/11) in 
severe HPS cases. Peri-transplant hypoxic respiratory failure 
occurred in 24% of the patients. Post-transplantation, oxy-
genation improved in all 19 patients with recorded results. 
Their PaO2 increased from 52.2 ± 13.2 to 90.3 ± 11.5 mmHg 
on room air. The study had a small sample size and was ret-
rospective.100

Iyer et al. evaluated 106 patients with HPS, of whom 49 
underwent liver transplantation (LT). Post-transplant survival 
at 1, 3, 5, and 10 years did not differ between groups based 
on the severity of HPS or the degree of hypoxemia at base-
line. The 10-year survival rate in HPS patients who under-
went liver transplantation was 64%. The study had a larger 
number of patients compared to prior studies in the literature 
but was a retrospective single-center study. The subsequent 
management of these patients was not controlled in the 
study and may have affected the long-term outcomes and 
non-LT outcomes.101

In a prospective analysis, Pacasio et al. evaluated 316 
cirrhotic patients for LT, among whom 177 underwent LT. 
Among these patients, 25.6% had HPS, with the majority 
(92.6%) having mild to moderate HPS. In patients with or 
without HPS, the mortality rates were not significantly differ-
ent between those on the LT waiting list and those post-LT. 
Importantly, HPS was reversed in all cases after LT. The study 
demonstrated the absence of increased overall mortality in 
patients with HPS, suggesting that systemic prioritization 
policies should be avoided in these patients. The study was a 
single-center study and lacked cases of severe HPS.102

Methylene blue, pentoxifylline, aspirin, somatostatin, gar-
lic, indomethacin, and mycophenolate mofetil have been 
studied without demonstrating benefit in HPS.99

Effects of TIPS on pulmonary function in hepatic 
decompensation in the absence of HPS
Theoretically, TIPS could increase vasodilatory effects by di-
verting NO-rich blood from the splanchnic circulation to the 
pulmonary vessels, resulting in alveolar vascular dilation 
and increased blood flow, and worsening ventilation-perfu-
sion mismatch.25–27 No studies have specifically focused on 
pulmonary function after TIPS in cases of hepatic decom-
pensation in the absence of HPS. However, several series 
have studied such patients as controls for those with HPS. 
A case series assessed the impact of TIPS on pulmonary 
gas exchange in seven patients with hepatic decompensa-
tion, of whom three had severe HPS, and four controls did 
not have HPS. Pulmonary function was assessed before and 
after TIPS. All patients underwent measurements of forced 
spirometry, plethysmography, and single carbon monoxide 
diffusion capacity. Patients with hepatic decompensation but 
without HPS had stable pulmonary function tests and gas 
exchange data after TIPS placement. The study suggested 
that TIPS did not alter pulmonary function in patients with 
decompensated cirrhosis in the absence of HPS. However, 
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the sample size was very small.103

A study by Denié et al. evaluated the effects of TIPS on 
tissue oxygenation in patients with cirrhosis without HPS. 
Sixteen patients with cirrhosis and refractory ascites were 
included, of whom eight received TIPS and the other group 
underwent paracentesis. Arterial and venous blood samples 
were obtained for all patients before the assigned procedure, 
and 12 days and four months afterward. Two patients died 
after TIPS placement, and one was lost to follow-up and ex-
cluded from the study. Before treatment, there was no signif-
icant difference between both groups in pulmonary function 
or oxygenation. The values of PaO2 remained unchanged in 
patients with TIPS placement throughout the study. Addi-
tionally, patients in the TIPS group had higher PCO2 and im-
proved respiratory alkalosis. In patients who received para-
centesis, PaO2 decreased significantly after four months. The 
study had a very small sample size, and the age group of pa-
tients who received paracentesis was significantly higher.104

A retrospective study evaluated changes in arterial oxy-
genation after portal decompression in Budd-Chiari syndrome 
patients. Eleven patients with HPS and 14 patients without 
HPS were included in this study. Participants had arterial 
blood gases performed with patients upright and breathing 
room air at two to three days, one month, and three months 
after TIPS placement. The alveolar-arterial oxygen gradient 
in those patients without HPS remained comparable to base-
line at all three points after the procedure. Pulmonary func-
tion tests were not performed after the procedure.105

In patients without pre-existing HPS, the limited available 
data indicate that TIPS does not appear to affect pulmonary 
gas exchange. However, there have been reports of increas-
ing pulmonary pressures and worsening pulmonary hyper-
tension.106,107

The effects of TIPS on pulmonary function in HPS
A case series assessed the impact of TIPS on pulmonary 
function in three patients with severe HPS. Pulmonary func-
tion tests were conducted before and after TIPS placement. 
Only one patient with HPS showed transient improvement in 
gas exchange, which was not sustained after a four-month 
period. The authors suggested that the change in patients 
with HPS was minimal, if any, and not persistent.103

Zhao et al. conducted a retrospective study on 81 TIPS pa-
tients with HPS and gastrointestinal bleeding. Among these 
patients, 30 had TIPS performed through the main portal 
vein (Group A), 24 through the left branch of the portal vein 
(Group B), and 27 through the right branch (Group C). The 
authors assessed PaO2, oxygen saturation, outcomes, and 
adverse effects. In Group A, there was higher oxygen sat-
uration postoperatively at 15 days and at the three-month 
follow-up. However, there was no significant difference ob-
served between the 12-month postoperative follow-up and 
preoperative values. In Group C, there was no significant dif-
ference in PaO2 and O2 saturation at any point postoperative-
ly. In Group B, all indicators at each follow-up time after TIPS 
demonstrated improvements in hypoxemia. A strength of 
this study was the relatively large number of cases. Addition-
ally, the effects of TIPS were evaluated using three different 
approaches. However, it was a single-center retrospective 
study. The one-year survival rates were equivalent among 
the three groups, which underscores the transient nature of 
beneficial effects. Furthermore, patients were not stratified 
according to the severity of HPS. All patients included in the 
study had a PaO2 of more than 60 mmHg in an upright posi-
tion, indicating the absence of severe HPS before TIPS.108

Tsauo et al. conducted a retrospective study to evalu-
ate the effects of TIPS on pulmonary gas exchange in 24 

patients with Budd-Chiari syndrome, of whom 11 had HPS. 
HPS was diagnosed using contrast-enhanced echocardiogra-
phy to identify intrapulmonary vascular dilation and arterial 
blood gas analysis showing arterial oxygenation defects. In 
patients with HPS, arterial blood gas analysis was performed 
at one- and three-month intervals. Symptomatically, 80% of 
patients with dyspnea reported improvement, but this effect 
was transient, disappearing after three months. The mean 
change in alveolar-arterial oxygen gradient was statistically 
significant after one month but not at three months. A lack of 
follow-up contrast-enhanced echocardiography or lung per-
fusion scan was a weakness.105

Tsauo et al. also conducted a systematic literature review 
including 10 studies and 12 patients with HPS who received 
TIPS, of whom eight had very severe HPS, two had severe, 
and two had moderate HPS. All patients received TIPS with-
out complications. The portosystemic pressure gradient de-
creased in all patients. Oxygenation improved in nine pa-
tients, but this improvement was not sustained after four 
months in two patients. In three other cases, oxygenation 
did not change. One-third of the cases underwent LTs, and 3 
patients died. The mean follow-up for the patients was nine 
months, which was insufficient to provide long-term mortal-
ity or morbidity estimates.109

For patients with HPS, the effects of TIPS on pulmonary 
gas exchange were inconsistent, and beneficial effects were 
transient. However, no studies have shown a persistent de-
cline in pulmonary function.

Conclusions
Few studies have specifically compared the renal effects of 
TIPS in patients with hepatic decompensation with and with-
out HRS. The available evidence indicates that TIPS often 
improves renal function in patients with portal hypertension, 
with or without HRS, and no studies have shown persistent 
decreased renal function after TIPS. However, these data 
are insufficient to support a recommendation for the use of 
TIPS specifically for HRS. Due to the extent of liver dam-
age, patients with HRS often have liver function too compro-
mised to tolerate TIPS. In patients without pre-existing HPS, 
TIPS does not appear to significantly affect pulmonary gas 
exchange. Studies of TIPS in HPS have been inconsistent; 
while some studies showed improvement, the effects were 
transient. No studies have shown a persistent decline in pul-
monary function after TIPS.

Current management consists of supportive medical care, 
with liver transplantation being the only current definitive 
long-term treatment for HRS and HPS. In terms of future 
research directions, the evidence supports the advisability of 
large randomized controlled trials on the beneficial effects of 
TIPS for HRS. Similar supportive data are less clear for HPS.

Novel aspects of this review include: 1) laboratory evi-
dence on the effects of TIPS on renal and pulmonary function 
in patients with hepatic decompensation with and without 
HRS or HPS, respectively, 2) evidence that TIPS does not 
impair renal or pulmonary function in cases of hepatic de-
compensation, 3) evidence that supports large randomized 
controlled trials on the beneficial effects of TIPS for HRS. 
However, for HPS, evidence of benefit is less clear, and 4) 
discussion of possible mechanisms that may explain the ap-
parent differences in the benefit of TIPS in HRS versus HPS.

Acknowledgments
This work was made possible by the Herman Lopata Chair in 
Hepatitis Research.



Journal of Clinical and Translational Hepatology 2024 vol. 12(9)  |  780–791 789

Abdelwahed A.H. et al: TIPS and renal and pulmonary function in cirrhosis

Funding
None to declare.

Conflict of interest
GYW has been an Editor-in-Chief of the Journal of Clinical 
and Translational Hepatology since 2013. The other authors 
have no conflicts of interest related to this publication.

Author contributions
Proposing concept for review and revising manuscript criti-
cally (GYW), collecting relevant information, drafting the ar-
ticle, and revising the manuscript with critical revisions (AHA, 
MA). All authors have approved the final version and the pub-
lication of the manuscript.

References
[1]	 GBD 2017 Cirrhosis Collaborators. The global, regional, and national bur-

den of cirrhosis by cause in 195 countries and territories, 1990-2017: a 
systematic analysis for the Global Burden of Disease Study 2017. Lan-
cet Gastroenterol Hepatol 2020;5(3):245–266. doi:10.1016/S2468-
1253(19)30349-8, PMID:31981519.

[2]	 Flemming JA, Djerboua M, Groome PA, Booth CM, Terrault NA. NAFLD and 
Alcohol-Associated Liver Disease Will Be Responsible for Almost All New 
Diagnoses of Cirrhosis in Canada by 2040. Hepatology 2021;74(6):3330–
3344. doi:10.1002/hep.32032, PMID:34174003.

[3]	 Nusrat S, Khan MS, Fazili J, Madhoun MF. Cirrhosis and its complications: 
evidence based treatment. World J Gastroenterol 2014;20(18):5442–
5460. doi:10.3748/wjg.v20.i18.5442, PMID:24833875.

[4]	 Coelho FF, Perini MV, Kruger JA, Fonseca GM, Araújo RL, Makdissi FF, et al. 
Management of variceal hemorrhage: current concepts. Arq Bras Cir Dig 
2014;27(2):138–144. doi:10.1590/s0102-67202014000200011, PMID:250 
04293.

[5]	 Kuiper JJ, van Buuren HR, de Man RA. Ascites in cirrhosis: a review of 
management and complications. Neth J Med 2007;65(8):283–288. PMID: 
17890787.

[6]	 Häussinger D, Dhiman RK, Felipo V, Görg B, Jalan R, Kircheis G, et al. 
Hepatic encephalopathy. Nat Rev Dis Primers 2022;8(1):43. doi:10.1038/
s41572-022-00366-6, PMID:35739133.

[7]	 Tariq R, Singal AK. Management of Hepatorenal Syndrome: A Review. J 
Clin Transl Hepatol 2020;8(2):192–199. doi:10.14218/JCTH.2020.00011, 
PMID:32832400.

[8]	 Schenk P, Schöniger-Hekele M, Fuhrmann V, Madl C, Silberhumer G, Müller 
C. Prognostic significance of the hepatopulmonary syndrome in patients 
with cirrhosis. Gastroenterology 2003;125(4):1042–1052. doi:10.1016/
s0016-5085(03)01207-1, PMID:14517788.

[9]	 Engelmann C, Clària J, Szabo G, Bosch J, Bernardi M. Pathophysiology of de-
compensated cirrhosis: Portal hypertension, circulatory dysfunction, inflam-
mation, metabolism and mitochondrial dysfunction. J Hepatol 2021;75(Sup-
pl 1):S49–S66. doi:10.1016/j.jhep.2021.01.002, PMID:34039492.

[10]	Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms of de-
compensation and organ failure in cirrhosis: From peripheral arterial vaso-
dilation to systemic inflammation hypothesis. J Hepatol 2015;63(5):1272–
1284. doi:10.1016/j.jhep.2015.07.004, PMID:26192220.

[11]	Ruiz-del-Arbol L, Monescillo A, Arocena C, Valer P, Ginès P, Moreira V, et 
al. Circulatory function and hepatorenal syndrome in cirrhosis. Hepatology 
2005;42(2):439–447. doi:10.1002/hep.20766, PMID:15977202.

[12]	Wiest R, Lawson M, Geuking M. Pathological bacterial transloca-
tion in liver cirrhosis. J Hepatol 2014;60(1):197–209. doi:10.1016/j.
jhep.2013.07.044, PMID:23993913.

[13]	Yang M, Zhang CY. Interleukins in liver disease treatment. World J Hepatol 
2024;16(2):140–145. doi:10.4254/wjh.v16.i2.140, PMID:38495285.

[14]	Yan YY, Lin S, Zhu YY. Damage-associated molecular patterns and liver fail-
ure. Zhonghua Gan Zang Bing Za Zhi 2016;24(8):636–640. doi:10.3760/
cma.j.issn.1007-3418.2016.08.017, PMID:27788716.

[15]	Stadlbauer V, Wright GA, Banaji M, Mukhopadhya A, Mookerjee RP, 
Moore K, et al. Relationship between activation of the sympathetic nerv-
ous system and renal blood flow autoregulation in cirrhosis. Gastro-
enterology 2008;134(1):111–119. doi:10.1053/j.gastro.2007.10.055, 
PMID:18166350.

[16]	Ginès P, Schrier RW. Renal failure in cirrhosis. N Engl J Med 2009; 
361(13):1279–1290. doi:10.1056/NEJMra0809139, PMID:19776409.

[17]	Simonetto DA, Gines P, Kamath PS. Hepatorenal syndrome: pathophysi-
ology, diagnosis, and management. BMJ 2020;370:m2687. doi:10.1136/
bmj.m2687, PMID:32928750.

[18]	Varghese J, Ilias-basha H, Dhanasekaran R, Singh S, Venkatara-
man J. Hepatopulmonary syndrome - past to present. Ann Hepatol 
2007;6(3):135–142. PMID:17786138.

[19]	Grilo-Bensusan I, Pascasio-Acevedo JM. Hepatopulmonary syndrome: 
What we know and what we would like to know. World J Gastroenter-
ol 2016;22(25):5728–5741. doi:10.3748/wjg.v22.i25.5728, PMID:274 

33086.
[20]	Copelan A, Kapoor B, Sands M. Transjugular intrahepatic portosystemic 

shunt: indications, contraindications, and patient work-up. Semin Intervent 
Radiol 2014;31(3):235–242. doi:10.1055/s-0034-1382790, PMID:251 
77083.

[21]	Wang H, Liu F. Clinical characteristics of hepatopulmonary syndrome and 
hepatorenal syndrome and associated therapeutic potential of transjugular 
intrahepatic portosystemic shunt. iLIVER 2023;2(1):67–72. doi:10.1016/j.
iliver.2023.02.001.

[22]	Vizzutti F, Schepis F, Arena U, Fanelli F, Gitto S, Aspite S, et al. Tran-
sjugular intrahepatic portosystemic shunt (TIPS): current indications and 
strategies to improve the outcomes. Intern Emerg Med 2020;15(1):37–48. 
doi:10.1007/s11739-019-02252-8, PMID:31919780.

[23]	Colombato L. The role of transjugular intrahepatic portosystemic shunt 
(TIPS) in the management of portal hypertension. J Clin Gastroenterol 
2007;41(Suppl 3):S344–S351. doi:10.1097/MCG.0b013e318157e500, 
PMID:17975487.

[24]	Jalan R, Elton RA, Redhead DN, Finlayson ND, Hayes PC. Analysis of prognos-
tic variables in the prediction of mortality, shunt failure, variceal rebleeding 
and encephalopathy following the transjugular intrahepatic portosystemic 
stent-shunt for variceal haemorrhage. J Hepatol 1995;23(2):123–128. 
doi:10.1016/0168-8278(95)80325-4, PMID:7499782.

[25]	Masson S, Mardini HA, Rose JD, Record CO. Hepatic encephalopathy after 
transjugular intrahepatic portosystemic shunt insertion: a decade of ex-
perience. QJM 2008;101(6):493–501. doi:10.1093/qjmed/hcn037, PMID: 
18440957.

[26]	Busk TM, Bendtsen F, Poulsen JH, Clemmesen JO, Larsen FS, Goetze 
JP, et al. Transjugular intrahepatic portosystemic shunt: impact on sys-
temic hemodynamics and renal and cardiac function in patients with cir-
rhosis. Am J Physiol Gastrointest Liver Physiol 2018;314(2):G275–G286. 
doi:10.1152/ajpgi.00094.2017, PMID:29074483.

[27]	Suhocki PV, Lungren MP, Kapoor B, Kim CY. Transjugular intrahepatic 
portosystemic shunt complications: prevention and management. Semin 
Intervent Radiol 2015;32(2):123–132. doi:10.1055/s-0035-1549376, 
PMID:26038620.

[28]	Ferrusquía-Acosta J, Hernández-Gea V. TIPS Indications and Contrain-
dications—Pushing the Limits: Is Earlier Better? Curr Hepatology Rep 
2019;18:87–95. doi:10.1007/s11901-019-00453-5.

[29]	Fida S, Khurshid SMS, Mansoor H. Frequency of Hepatorenal Syndrome 
Among Patients With Cirrhosis and Outcome After Treatment. Cureus 
2020;12(8):e10016. doi:10.7759/cureus.10016, PMID:32983712.

[30]	Angeli P, Gines P. Hepatorenal syndrome, MELD score and liver trans-
plantation: an evolving issue with relevant implications for clinical prac-
tice. J Hepatol 2012;57(5):1135–1140. doi:10.1016/j.jhep.2012.06.024, 
PMID:22749942.

[31]	Krishnan A, Woreta TA, Vaidya D, Liu Y, Hamilton JP, Hong K, et al. MELD 
or MELD-Na as a Predictive Model for Mortality Following Transjugu-
lar Intrahepatic Portosystemic Shunt Placement. J Clin Transl Hepatol 
2023;11(1):38–44. doi:10.14218/JCTH.2021.00513, PMID:36406309.

[32]	Ferral H, Gamboa P, Postoak DW, Albernaz VS, Young CR, Speeg KV, et al. 
Survival after elective transjugular intrahepatic portosystemic shunt crea-
tion: prediction with model for end-stage liver disease score. Radiology 
2004;231(1):231–236. doi:10.1148/radiol.2311030967, PMID:14990811.

[33]	Yang C, Xiong B. A comprehensive review of prognostic scoring systems to 
predict survival after transjugular intrahepatic portosystemic shunt place-
ment. Port Hypertens Cirrhos 2022;1:133–144. doi:10.1002/poh2.28.

[34]	Pan JJ, Chen C, Caridi JG, Geller B, Firpi R, Machicao VI, et al. Factors 
predicting survival after transjugular intrahepatic portosystemic shunt 
creation: 15 years’ experience from a single tertiary medical center. J Vasc 
Interv Radiol 2008;19(11):1576–1581. doi:10.1016/j.jvir.2008.07.021, 
PMID:18789725.

[35]	Spengler EK, Hunsicker LG, Zarei S, Zimmerman MB, Voigt MD. Transjugu-
lar intrahepatic portosystemic shunt does not independently increase risk 
of death in high model for end stage liver disease patients. Hepatol Com-
mun 2017;1(5):460–468. doi:10.1002/hep4.1053, PMID:29404473.

[36]	Salerno F, Cammà C, Enea M, Rössle M, Wong F. Transjugular intrahepatic 
portosystemic shunt for refractory ascites: a meta-analysis of individual 
patient data. Gastroenterology 2007;133(3):825–834. doi:10.1053/j.gas-
tro.2007.06.020, PMID:17678653.

[37]	Lv Y, Zuo L, Zhu X, Zhao J, Xue H, Jiang Z, et al. Identifying optimal can-
didates for early TIPS among patients with cirrhosis and acute variceal 
bleeding: a multicentre observational study. Gut 2019;68(7):1297–1310. 
doi:10.1136/gutjnl-2018-317057, PMID:30415233.

[38]	Kyriacou DN, Lewis RJ. Confounding by Indication in Clinical Research. 
JAMA 2016;316(17):1818–1819. doi:10.1001/jama.2016.16435, PMID: 
27802529.

[39]	Allegretti AS, Ortiz G, Cui J, Wenger J, Bhan I, Chung RT, 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(3):381–391. doi:10.1053/j.ajkd.2016.02.041, 
PMID:26994685.

[40]	Lang M, Lang AL, Tsui BQ, Wang W, Erly BK, Shen B, et al. Renal-func-
tion change after transjugular intra-hepatic portosystemic shunt place-
ment and its relationship with survival: a single-center experience. Gas-
troenterol Rep (Oxf) 2021;9(4):306–312. doi:10.1093/gastro/goaa081, 
PMID:34567562.

[41]	Rössle M, Ochs A, Gülberg V, Siegerstetter V, Holl J, Deibert P, et al. A 
comparison of paracentesis and transjugular intrahepatic portosystemic 
shunting in patients with ascites. N Engl J Med 2000;342(23):1701–1707. 
doi:10.1056/NEJM200006083422303, PMID:10841872.

[42]	Anderson CL, Saad WE, Kalagher SD, Caldwell S, Sabri S, Turba UC, et 

https://doi.org/10.1016/S2468-1253(19)30349-8
https://doi.org/10.1016/S2468-1253(19)30349-8
http://www.ncbi.nlm.nih.gov/pubmed/31981519
https://doi.org/10.1002/hep.32032
http://www.ncbi.nlm.nih.gov/pubmed/34174003
https://doi.org/10.3748/wjg.v20.i18.5442
http://www.ncbi.nlm.nih.gov/pubmed/24833875
https://doi.org/10.1590/s0102-67202014000200011
http://www.ncbi.nlm.nih.gov/pubmed/25004293
http://www.ncbi.nlm.nih.gov/pubmed/25004293
http://www.ncbi.nlm.nih.gov/pubmed/17890787
https://doi.org/10.1038/s41572-022-00366-6
https://doi.org/10.1038/s41572-022-00366-6
http://www.ncbi.nlm.nih.gov/pubmed/35739133
https://doi.org/10.14218/JCTH.2020.00011
http://www.ncbi.nlm.nih.gov/pubmed/32832400
https://doi.org/10.1016/s0016-5085(03)01207-1
https://doi.org/10.1016/s0016-5085(03)01207-1
http://www.ncbi.nlm.nih.gov/pubmed/14517788
https://doi.org/10.1016/j.jhep.2021.01.002
http://www.ncbi.nlm.nih.gov/pubmed/34039492
https://doi.org/10.1016/j.jhep.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26192220
https://doi.org/10.1002/hep.20766
http://www.ncbi.nlm.nih.gov/pubmed/15977202
https://doi.org/10.1016/j.jhep.2013.07.044
https://doi.org/10.1016/j.jhep.2013.07.044
http://www.ncbi.nlm.nih.gov/pubmed/23993913
https://doi.org/10.4254/wjh.v16.i2.140
http://www.ncbi.nlm.nih.gov/pubmed/38495285
https://doi.org/10.3760/cma.j.issn.1007-3418.2016.08.017
https://doi.org/10.3760/cma.j.issn.1007-3418.2016.08.017
http://www.ncbi.nlm.nih.gov/pubmed/27788716
https://doi.org/10.1053/j.gastro.2007.10.055
http://www.ncbi.nlm.nih.gov/pubmed/18166350
https://doi.org/10.1056/NEJMra0809139
http://www.ncbi.nlm.nih.gov/pubmed/19776409
https://doi.org/10.1136/bmj.m2687
https://doi.org/10.1136/bmj.m2687
http://www.ncbi.nlm.nih.gov/pubmed/32928750
http://www.ncbi.nlm.nih.gov/pubmed/17786138
https://doi.org/10.3748/wjg.v22.i25.5728
http://www.ncbi.nlm.nih.gov/pubmed/27433086
http://www.ncbi.nlm.nih.gov/pubmed/27433086
https://doi.org/10.1055/s-0034-1382790
http://www.ncbi.nlm.nih.gov/pubmed/25177083
http://www.ncbi.nlm.nih.gov/pubmed/25177083
https://doi.org/10.1016/j.iliver.2023.02.001
https://doi.org/10.1016/j.iliver.2023.02.001
https://doi.org/10.1007/s11739-019-02252-8
http://www.ncbi.nlm.nih.gov/pubmed/31919780
https://doi.org/10.1097/MCG.0b013e318157e500
http://www.ncbi.nlm.nih.gov/pubmed/17975487
https://doi.org/10.1016/0168-8278(95)80325-4
http://www.ncbi.nlm.nih.gov/pubmed/7499782
https://doi.org/10.1093/qjmed/hcn037
http://www.ncbi.nlm.nih.gov/pubmed/18440957
https://doi.org/10.1152/ajpgi.00094.2017
http://www.ncbi.nlm.nih.gov/pubmed/29074483
https://doi.org/10.1055/s-0035-1549376
http://www.ncbi.nlm.nih.gov/pubmed/26038620
https://doi.org/10.1007/s11901-019-00453-5
https://doi.org/10.7759/cureus.10016
http://www.ncbi.nlm.nih.gov/pubmed/32983712
https://doi.org/10.1016/j.jhep.2012.06.024
http://www.ncbi.nlm.nih.gov/pubmed/22749942
https://doi.org/10.14218/JCTH.2021.00513
http://www.ncbi.nlm.nih.gov/pubmed/36406309
https://doi.org/10.1148/radiol.2311030967
http://www.ncbi.nlm.nih.gov/pubmed/14990811
https://doi.org/10.1002/poh2.28
https://doi.org/10.1016/j.jvir.2008.07.021
http://www.ncbi.nlm.nih.gov/pubmed/18789725
https://doi.org/10.1002/hep4.1053
http://www.ncbi.nlm.nih.gov/pubmed/29404473
https://doi.org/10.1053/j.gastro.2007.06.020
https://doi.org/10.1053/j.gastro.2007.06.020
http://www.ncbi.nlm.nih.gov/pubmed/17678653
https://doi.org/10.1136/gutjnl-2018-317057
http://www.ncbi.nlm.nih.gov/pubmed/30415233
https://doi.org/10.1001/jama.2016.16435
http://www.ncbi.nlm.nih.gov/pubmed/27802529
https://doi.org/10.1053/j.ajkd.2016.02.041
http://www.ncbi.nlm.nih.gov/pubmed/26994685
https://doi.org/10.1093/gastro/goaa081
http://www.ncbi.nlm.nih.gov/pubmed/34567562
https://doi.org/10.1056/NEJM200006083422303
http://www.ncbi.nlm.nih.gov/pubmed/10841872


Journal of Clinical and Translational Hepatology 2024 vol. 12(9)  |  780–791790

Abdelwahed A.H. et al: TIPS and renal and pulmonary function in cirrhosis

al. Effect of transjugular intrahepatic portosystemic shunt placement on 
renal function: a 7-year, single-center experience. J Vasc Interv Radiol 
2010;21(9):1370–1376. doi:10.1016/j.jvir.2010.05.009, PMID:20691610.

[43]	Lizaola-Mayo B, Vargas HE. Hepatorenal Syndrome-Acute Kidney Injury in 
Liver Transplantation. Clin Gastroenterol Hepatol 2023;21(10S):S20–S26. 
doi:10.1016/j.cgh.2023.06.010, PMID:37625863.

[44]	Bodh V, Sharma B, Sharma R. Hepatorenal Syndrome: A Review into 
Changing Definition, Diagnostic Criteria, Pathophysiology, and Management. 
CHRISMED J Health Res 2020;7(2):83–89. doi:10.4103/cjhr.cjhr_117_19.

[45]	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(4):811–822. doi:10.1016/j.jhep.2019.07.002, PMID:31302175.

[46]	Patidar KR, Naved MA, Grama A, Adibuzzaman M, Aziz Ali A, Slaven JE, et 
al. Acute kidney disease is common and associated with poor outcomes in 
patients with cirrhosis and acute kidney injury. J Hepatol 2022;77(1):108–
115. doi:10.1016/j.jhep.2022.02.009, PMID:35217065.

[47]	Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagno-
sis and management of acute kidney injury in patients with cirrhosis: re-
vised consensus recommendations of the International Club of Ascites. Gut 
2015;64(4):531–537. doi:10.1136/gutjnl-2014-308874, PMID:25631669.

[48]	Jung CY, Chang JW. Hepatorenal syndrome: Current concepts and fu-
ture perspectives. Clin Mol Hepatol 2023;29(4):891–908. doi:10.3350/
cmh.2023.0024, PMID:37050843.

[49]	Alessandria C, Ozdogan O, Guevara M, Restuccia T, Jiménez W, Arroyo 
V, Rodés J, Ginès P. MELD score and clinical type predict prognosis in 
hepatorenal syndrome: relevance to liver transplantation. Hepatology 
2005;41(6):1282–9. doi:10.1002/hep.20687, PMID:15834937.

[50]	Iwakiri Y, Groszmann RJ. The hyperdynamic circulation of chronic liver 
diseases: from the patient to the molecule. Hepatology 2006;43(2 Suppl 
1):S121–S131. doi:10.1002/hep.20993, PMID:16447289.

[51]	Fasolato S, Angeli P, Dallagnese L, Maresio G, Zola E, Mazza E, et al. Re-
nal failure and bacterial infections in patients with cirrhosis: epidemiol-
ogy and clinical features. Hepatology 2007;45(1):223–229. doi:10.1002/
hep.21443, PMID:17187409.

[52]	Solé C, Solà E, Huelin P, Carol M, Moreira R, Cereijo U, et al. Charac-
terization of inflammatory response in hepatorenal syndrome: Relation-
ship with kidney outcome and survival. Liver Int 2019;39(7):1246–1255. 
doi:10.1111/liv.14037, PMID:30597709.

[53]	Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-
chronic liver failure is a distinct syndrome that develops in patients with 
acute decompensation of cirrhosis. Gastroenterology 2013;144(7):1426–
1437.e1-e9. doi:10.1053/j.gastro.2013.02.042, PMID:23474284.

[54]	Fagundes C, Ginès P. Hepatorenal syndrome: a severe, but treatable, 
cause of kidney failure in cirrhosis. Am J Kidney Dis 2012;59(6):874–885. 
doi:10.1053/j.ajkd.2011.12.032, PMID:22480795.

[55]	Nazar A, Guevara M, Sitges M, Terra C, Solà E, Guigou C, et al. LEFT ven-
tricular function assessed by echocardiography in cirrhosis: relationship to 
systemic hemodynamics and renal dysfunction. J Hepatol 2013;58(1):51–
57. doi:10.1016/j.jhep.2012.08.027, PMID:22989573.

[56]	Rimola A, Ginés P, Arroyo V, Camps J, Pérez-Ayuso RM, Quintero E, et 
al. Urinary excretion of 6-keto-prostaglandin F1 alpha, thromboxane B2 
and prostaglandin E2 in cirrhosis with ascites. Relationship to function-
al renal failure (hepatorenal syndrome). J Hepatol 1986;3(1):111–117. 
doi:10.1016/s0168-8278(86)80154-4, PMID:3462243.

[57]	Ginès A, Salmerón JM, Ginès P, Arroyo V, Jiménez W, Rivera F, et al. Oral 
misoprostol or intravenous prostaglandin E2 do not improve renal function 
in patients with cirrhosis and ascites with hyponatremia or renal failure. 
J Hepatol 1993;17(2):220–226. doi:10.1016/s0168-8278(05)80042-x, 
PMID:8445236.

[58]	Varga ZV, Erdelyi K, Paloczi J, Cinar R, Zsengeller ZK, Jourdan T, et al. Dis-
ruption of Renal Arginine Metabolism Promotes Kidney Injury in Hepatore-
nal Syndrome in Mice. Hepatology 2018;68(4):1519–1533. doi:10.1002/
hep.29915, PMID:29631342.

[59]	Sanyal AJ, Boyer TD, Frederick RT, Wong F, Rossaro L, Araya V, et al. Re-
versal of hepatorenal syndrome type 1 with terlipressin plus albumin vs. 
placebo plus albumin in a pooled analysis of the OT-0401 and REVERSE 
randomised clinical studies. Aliment Pharmacol Ther 2017;45(11):1390–
1402. doi:10.1111/apt.14052, PMID:28370090.

[60]	Facciorusso A, Chandar AK, Murad MH, Prokop LJ, Muscatiello N, Kamath 
PS, et al. Comparative efficacy of pharmacological strategies for man-
agement of type 1 hepatorenal syndrome: a systematic review and net-
work meta-analysis. Lancet Gastroenterol Hepatol 2017;2(2):94–102. 
doi:10.1016/S2468-1253(16)30157-1, PMID:28403995.

[61]	Wong F, Pappas SC, Curry MP, Reddy KR, Rubin RA, Porayko MK, et al. Ter-
lipressin plus Albumin for the Treatment of Type 1 Hepatorenal Syndrome. 
N Engl J Med 2021;384(9):818–828. doi:10.1056/NEJMoa2008290, 
PMID:33657294.

[62]	Angeli P, Volpin R, Gerunda G, Craighero R, Roner P, Merenda R, et al. 
Reversal of type 1 hepatorenal syndrome with the administration of mi-
dodrine and octreotide. Hepatology 1999;29(6):1690–1697. doi:10.1002/
hep.510290629, PMID:10347109.

[63]	Cavallin M, Kamath PS, Merli M, Fasolato S, Toniutto P, Salerno F, et al. 
Terlipressin plus albumin versus midodrine and octreotide plus albumin in 
the treatment of hepatorenal syndrome: A randomized trial. Hepatology 
2015;62(2):567–574. doi:10.1002/hep.27709, PMID:25644760.

[64]	Sharma P, Kumar A, Shrama BC, Sarin SK. An open label, pilot, randomized 
controlled trial of noradrenaline versus terlipressin in the treatment of 
type 1 hepatorenal syndrome and predictors of response. Am J Gastroen-
terol 2008;103(7):1689–1697. doi:10.1111/j.1572-0241.2008.01828.x, 
PMID:18557715.

[65]	Stadlbauer V, Krisper P, Aigner R, Haditsch B, Jung A, Lackner C, et al. 
Effect of extracorporeal liver support by MARS and Prometheus on serum 
cytokines in acute-on-chronic liver failure. Crit Care 2006;10(6):R169. 
doi:10.1186/cc5119, PMID:17156425.

[66]	Bañares R, Nevens F, Larsen FS, Jalan R, Albillos A, Dollinger M, et al. 
Extracorporeal albumin dialysis with the molecular adsorbent recirculat-
ing system in acute-on-chronic liver failure: the RELIEF trial. Hepatology 
2013;57(3):1153–1162. doi:10.1002/hep.26185, PMID:23213075.

[67]	Kade G, Lubas A, Spaleniak S, Wojtecka A, Leśniak K, Literacki S, et al. Ap-
plication of the Molecular Adsorbent Recirculating System in Type 1 Hepa-
torenal Syndrome in the Course of Alcohol-Related Acute on Chronic Liver 
Failure. Med Sci Monit 2020;26:e923805. doi:10.12659/MSM.923805, 
PMID:32602472.

[68]	Testino G, Ferro C, Sumberaz A, Messa P, Morelli N, Guadagni B, et al. 
Type-2 hepatorenal syndrome and refractory ascites: role of transjugular 
intrahepatic portosystemic stent-shunt in eighteen patients with advanced 
cirrhosis awaiting orthotopic liver transplantation. Hepatogastroenterology 
2003;50(54):1753–1755. PMID:14696397.

[69]	Guevara M, Ginès P, Bandi JC, Gilabert R, Sort P, Jiménez W, et al. Transjug-
ular intrahepatic portosystemic shunt in hepatorenal syndrome: effects on 
renal function and vasoactive systems. Hepatology 1998;28(2):416–422. 
doi:10.1002/hep.510280219, PMID:9696006.

[70]	Brensing KA, Textor J, Perz J, Schiedermaier P, Raab P, Strunk H, 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(2):288–295. doi:10.1136/gut.47.2.288, PMID:10896924.

[71]	Wong F, Pantea L, Sniderman K. Midodrine, octreotide, albumin, and TIPS 
in selected patients with cirrhosis and type 1 hepatorenal syndrome. Hepa-
tology 2004;40(1):55–64. doi:10.1002/hep.20262, PMID:15239086.

[72]	Song T, Rössle M, He F, Liu F, Guo X, Qi X. Transjugular intrahepatic 
portosystemic shunt for hepatorenal syndrome: A systematic review 
and meta-analysis. Dig Liver Dis 2018;50(4):323–330. doi:10.1016/j.
dld.2018.01.123, PMID:29422242.

[73]	Testino G, Leone S, Ferro C, Borro P. Severe acute alcoholic hepatitis and 
hepatorenal syndrome: role of transjugular intrahepatic portosystemic 
stent shunt. J Med Life 2012;5(2):203–205. PMID:22802893.

[74]	Ponzo P, Campion D, Rizzo M, Roma M, Caviglia GP, Giovo I, et al. Tran-
sjugular intrahepatic porto-systemic shunt in cirrhotic patients with hepa-
torenal syndrome - chronic kidney disease: Impact on renal function. 
Dig Liver Dis 2022;54(8):1101–1108. doi:10.1016/j.dld.2021.09.008, 
PMID:34625366.

[75]	Ripoll C, Platzer S, Franken P, Aschenbach R, Wienke A, Schuhmacher 
U, et al. Liver-HERO: hepatorenal syndrome-acute kidney injury (HRS-
AKI) treatment with transjugular intrahepatic portosystemic shunt in pa-
tients with cirrhosis-a randomized controlled trial. Trials 2023;24(1):258. 
doi:10.1186/s13063-023-07261-9, PMID:37020315.

[76]	Gandhi KD, Taweesedt PT, Sharma M, Surani S. Hepatopulmonary syn-
drome: An update. World J Hepatol 2021;13(11):1699–1706. doi:10.4254/
wjh.v13.i11.1699, PMID:34904039.

[77]	Anand AC, Mukherjee D, Rao KS, Seth AK. Hepatopulmonary syndrome: 
prevalence and clinical profile. Indian J Gastroenterol 2001;20(1):24–27. 
PMID:11206870.

[78]	Fallon MB, Krowka MJ, Brown RS, Trotter JF, Zacks S, Roberts KE, et al. 
Impact of hepatopulmonary syndrome on quality of life and survival in 
liver transplant candidates. Gastroenterology 2008;135(4):1168–1175. 
doi:10.1053/j.gastro.2008.06.038, PMID:18644373.

[79]	Roberts KE, Kawut SM, Krowka MJ, Brown RS Jr, Trotter JF, Shah V, et 
al. Genetic risk factors for hepatopulmonary syndrome in patients with 
advanced liver disease. Gastroenterology 2010;139(1):130–9.e24. 
doi:10.1053/j.gastro.2010.03.044, PMID:20346360.

[80]	Rodriguez-Roisin R, Roca J, Agusti AG, Mastai R, Wagner PD, Bosch J. 
Gas exchange and pulmonary vascular reactivity in patients with liver 
cirrhosis. Am Rev Respir Dis 1987;135(5):1085–1092. doi:10.1164/
arrd.1987.135.5.1085, PMID:3579008.

[81]	Brankovic M, Lee P, Pyrsopoulos N, Klapholz M. Cardiac Syndromes in Liver 
Disease: A Clinical Conundrum. J Clin Transl Hepatol 2023;11(4):975–986. 
doi:10.14218/JCTH.2022.00294, PMID:37408802.

[82]	Lee JM, Choi MS, Lee SC, Park SW, Bae MH, Lee JH, et al. Prevalence and 
risk factors of significant intrapulmonary shunt in cirrhotic patients await-
ing liver transplantation. Taehan Kan Hakhoe Chi 2002;8(3):271–276. 
PMID:12499784.

[83]	Kawut SM, Krowka MJ, Forde KA, Al-Naamani N, Krok KL, Patel M, et 
al. Impact of hepatopulmonary syndrome in liver transplantation candi-
dates and the role of angiogenesis. Eur Respir J 2022;60(2):2102304. 
doi:10.1183/13993003.02304-2021, PMID:34949701.

[84]	Kim BJ, Lee SC, Park SW, Choi MS, Koh KC, Paik SW, et al. Characteris-
tics and prevalence of intrapulmonary shunt detected by contrast echo-
cardiography with harmonic imaging in liver transplant candidates. Am J 
Cardiol 2004;94(4):525–528. doi:10.1016/j.amjcard.2004.04.074, PMID: 
15325947.

[85]	Sato K, Oka M, Hasunuma K, Ohnishi M, Sato K, Kira S. Effects of separate 
and combined ETA and ETB blockade on ET-1-induced constriction in per-
fused rat lungs. Am J Physiol 1995;269(5 Pt 1):L668–L672. doi:10.1152/
ajplung.1995.269.5.L668, PMID:7491987.

[86]	Fischer C, Mazzone M, Jonckx B, Carmeliet P. FLT1 and its ligands VEGFB 
and PlGF: drug targets for anti-angiogenic therapy? Nat Rev Cancer 
2008;8(12):942–956. doi:10.1038/nrc2524, PMID:19029957.

[87]	Kawut SM, Ellenberg SS, Krowka MJ, Goldberg D, Vargas H, Koch D, et 
al. Sorafenib in Hepatopulmonary Syndrome: A Randomized, Double-
Blind, Placebo-Controlled Trial. Liver Transpl 2019;25(8):1155–1164. 
doi:10.1002/lt.25438, PMID:30816637.

https://doi.org/10.1016/j.jvir.2010.05.009
http://www.ncbi.nlm.nih.gov/pubmed/20691610
https://doi.org/10.1016/j.cgh.2023.06.010
http://www.ncbi.nlm.nih.gov/pubmed/37625863
https://doi.org/10.4103/cjhr.cjhr_117_19
https://doi.org/10.1016/j.jhep.2019.07.002
http://www.ncbi.nlm.nih.gov/pubmed/31302175
https://doi.org/10.1016/j.jhep.2022.02.009
http://www.ncbi.nlm.nih.gov/pubmed/35217065
https://doi.org/10.1136/gutjnl-2014-308874
http://www.ncbi.nlm.nih.gov/pubmed/25631669
https://doi.org/10.3350/cmh.2023.0024
https://doi.org/10.3350/cmh.2023.0024
http://www.ncbi.nlm.nih.gov/pubmed/37050843
https://doi.org/10.1002/hep.20687
http://www.ncbi.nlm.nih.gov/pubmed/15834937
https://doi.org/10.1002/hep.20993
http://www.ncbi.nlm.nih.gov/pubmed/16447289
https://doi.org/10.1002/hep.21443
https://doi.org/10.1002/hep.21443
http://www.ncbi.nlm.nih.gov/pubmed/17187409
https://doi.org/10.1111/liv.14037
http://www.ncbi.nlm.nih.gov/pubmed/30597709
https://doi.org/10.1053/j.gastro.2013.02.042
http://www.ncbi.nlm.nih.gov/pubmed/23474284
https://doi.org/10.1053/j.ajkd.2011.12.032
http://www.ncbi.nlm.nih.gov/pubmed/22480795
https://doi.org/10.1016/j.jhep.2012.08.027
http://www.ncbi.nlm.nih.gov/pubmed/22989573
https://doi.org/10.1016/s0168-8278(86)80154-4
http://www.ncbi.nlm.nih.gov/pubmed/3462243
https://doi.org/10.1016/s0168-8278(05)80042-x
http://www.ncbi.nlm.nih.gov/pubmed/8445236
https://doi.org/10.1002/hep.29915
https://doi.org/10.1002/hep.29915
http://www.ncbi.nlm.nih.gov/pubmed/29631342
https://doi.org/10.1111/apt.14052
http://www.ncbi.nlm.nih.gov/pubmed/28370090
https://doi.org/10.1016/S2468-1253(16)30157-1
http://www.ncbi.nlm.nih.gov/pubmed/28403995
https://doi.org/10.1056/NEJMoa2008290
http://www.ncbi.nlm.nih.gov/pubmed/33657294
https://doi.org/10.1002/hep.510290629
https://doi.org/10.1002/hep.510290629
http://www.ncbi.nlm.nih.gov/pubmed/10347109
https://doi.org/10.1002/hep.27709
http://www.ncbi.nlm.nih.gov/pubmed/25644760
https://doi.org/10.1111/j.1572-0241.2008.01828.x
http://www.ncbi.nlm.nih.gov/pubmed/18557715
https://doi.org/10.1186/cc5119
http://www.ncbi.nlm.nih.gov/pubmed/17156425
https://doi.org/10.1002/hep.26185
http://www.ncbi.nlm.nih.gov/pubmed/23213075
https://doi.org/10.12659/MSM.923805
http://www.ncbi.nlm.nih.gov/pubmed/32602472
http://www.ncbi.nlm.nih.gov/pubmed/14696397
https://doi.org/10.1002/hep.510280219
http://www.ncbi.nlm.nih.gov/pubmed/9696006
https://doi.org/10.1136/gut.47.2.288
http://www.ncbi.nlm.nih.gov/pubmed/10896924
https://doi.org/10.1002/hep.20262
http://www.ncbi.nlm.nih.gov/pubmed/15239086
https://doi.org/10.1016/j.dld.2018.01.123
https://doi.org/10.1016/j.dld.2018.01.123
http://www.ncbi.nlm.nih.gov/pubmed/29422242
http://www.ncbi.nlm.nih.gov/pubmed/22802893
https://doi.org/10.1016/j.dld.2021.09.008
http://www.ncbi.nlm.nih.gov/pubmed/34625366
https://doi.org/10.1186/s13063-023-07261-9
http://www.ncbi.nlm.nih.gov/pubmed/37020315
https://doi.org/10.4254/wjh.v13.i11.1699
https://doi.org/10.4254/wjh.v13.i11.1699
http://www.ncbi.nlm.nih.gov/pubmed/34904039
http://www.ncbi.nlm.nih.gov/pubmed/11206870
https://doi.org/10.1053/j.gastro.2008.06.038
http://www.ncbi.nlm.nih.gov/pubmed/18644373
https://doi.org/10.1053/j.gastro.2010.03.044
http://www.ncbi.nlm.nih.gov/pubmed/20346360
https://doi.org/10.1164/arrd.1987.135.5.1085
https://doi.org/10.1164/arrd.1987.135.5.1085
http://www.ncbi.nlm.nih.gov/pubmed/3579008
https://doi.org/10.14218/JCTH.2022.00294
http://www.ncbi.nlm.nih.gov/pubmed/37408802
http://www.ncbi.nlm.nih.gov/pubmed/12499784
https://doi.org/10.1183/13993003.02304-2021
http://www.ncbi.nlm.nih.gov/pubmed/34949701
https://doi.org/10.1016/j.amjcard.2004.04.074
http://www.ncbi.nlm.nih.gov/pubmed/15325947
https://doi.org/10.1152/ajplung.1995.269.5.L668
https://doi.org/10.1152/ajplung.1995.269.5.L668
http://www.ncbi.nlm.nih.gov/pubmed/7491987
https://doi.org/10.1038/nrc2524
http://www.ncbi.nlm.nih.gov/pubmed/19029957
https://doi.org/10.1002/lt.25438
http://www.ncbi.nlm.nih.gov/pubmed/30816637


Journal of Clinical and Translational Hepatology 2024 vol. 12(9)  |  780–791 791

Abdelwahed A.H. et al: TIPS and renal and pulmonary function in cirrhosis

[88]	Fallon MB, Abrams GA, McGrath JW, Hou Z, Luo B. Common bile duct liga-
tion in the rat: a model of intrapulmonary vasodilatation and hepatopulmo-
nary syndrome. Am J Physiol 1997;272(4 Pt 1):G779–G784. doi:10.1152/
ajpgi.1997.272.4.G779, PMID:9142908.

[89]	Fallon MB, Abrams GA, Luo B, Hou Z, Dai J, Ku DD. The role of endothelial 
nitric oxide synthase in the pathogenesis of a rat model of hepatopul-
monary syndrome. Gastroenterology 1997;113(2):606–614. doi:10.1053/
gast.1997.v113.pm9247483, PMID:9247483.

[90]	Hyamala V, Moulthrop TH, Stratton-Thomas J, Tekamp-Olson P. Two dis-
tinct human endothelin B receptors generated by alternative splicing from 
a single gene. Cell Mol Biol Res 1994;40:285–296.

[91]	Rockey DC, Fouassier L, Chung JJ, Carayon A, Vallee P, Rey C, et al. Cellular 
localization of endothelin-1 and increased production in liver injury in the 
rat: potential for autocrine and paracrine effects on stellate cells. Hepatol-
ogy 1998;27(2):472–480. doi:10.1002/hep.510270222, PMID:9462646.

[92]	Ling Y, Zhang J, Luo B, Song D, Liu L, Tang L, et al. The role of endothelin-1 
and the endothelin B receptor in the pathogenesis of hepatopulmonary 
syndrome in the rat. Hepatology 2004;39(6):1593–1602. doi:10.1002/
hep.20244, PMID:15185300.

[93]	Tang L, Luo B, Patel RP, Ling Y, Zhang J, Fallon MB. Modulation of pulmo-
nary endothelial endothelin B receptor expression and signaling: implica-
tions for experimental hepatopulmonary syndrome. Am J Physiol Lung Cell 
Mol Physiol 2007;292(6):L1467–L1472. doi:10.1152/ajplung.00446.2006, 
PMID:17337507.

[94]	Sztrymf B, Libert JM, Mougeot C, Lebrec D, Mazmanian M, Humbert M, et al. 
Cirrhotic rats with bacterial translocation have higher incidence and severity 
of hepatopulmonary syndrome. J Gastroenterol Hepatol 2005;20(10):1538–
1544. doi:10.1111/j.1440-1746.2005.03914.x, PMID:16174071.

[95]	Luo B, Liu L, Tang L, Zhang J, Ling Y, Fallon MB. ET-1 and TNF-alpha in HPS: 
analysis in prehepatic portal hypertension and biliary and nonbiliary cir-
rhosis in rats. Am J Physiol Gastrointest Liver Physiol 2004;286(2):G294–
G303. doi:10.1152/ajpgi.00298.2003, PMID:14715521.

[96]	Rabiller A, Nunes H, Lebrec D, Tazi KA, Wartski M, Dulmet E, et al. Pre-
vention of gram-negative translocation reduces the severity of hepatopul-
monary syndrome. Am J Respir Crit Care Med 2002;166(4):514–517. 
doi:10.1164/rccm.200201-027OC, PMID:12186830.

[97]	Chen B, Yang Y, Yang C, Duan J, Chen L, Lu K, et al. M2 macrophage accu-
mulation contributes to pulmonary fibrosis, vascular dilatation, and hypox-
emia in rat hepatopulmonary syndrome. J Cell Physiol 2021;236(11):7682–
7697. doi:10.1002/jcp.30420, PMID:34041750.

[98]	Chang CC, Chuang CL, Lee FY, Wang SS, Lin HC, Huang HC, et al. Sorafenib 
treatment improves hepatopulmonary syndrome in rats with biliary cir-
rhosis. Clin Sci (Lond) 2013;124(7):457–466. doi:10.1042/CS20120052, 
PMID:23043394.

[99]	Raevens S, Boret M, Fallon MB. Hepatopulmonary syndrome. JHEP Rep 

2022;4(9):100527. doi:10.1016/j.jhepr.2022.100527, PMID:36035361.
[100]	Gupta S, Castel H, Rao RV, Picard M, Lilly L, Faughnan ME, et al. Im-

proved survival after liver transplantation in patients with hepatopul-
monary syndrome. Am J Transplant 2010;10(2):354–363. doi:10.1111/
j.1600-6143.2009.02822.x, PMID:19775311.

[101]	 Iyer VN, Swanson KL, Cartin-Ceba R, Dierkhising RA, Rosen CB, Heim-
bach JK, et al. Hepatopulmonary syndrome: favorable outcomes in the 
MELD exception era. Hepatology 2013;57(6):2427–2435. doi:10.1002/
hep.26070, PMID:22996424.

[102]	 Pascasio JM, Grilo I, López-Pardo FJ, Ortega-Ruiz F, Tirado JL, Sousa 
JM, et al. Prevalence and severity of hepatopulmonary syndrome and its 
influence on survival in cirrhotic patients evaluated for liver transplanta-
tion. Am J Transplant 2014;14(6):1391–1399. doi:10.1111/ajt.12713, 
PMID:24730359.

[103]	Martinez-Palli G, Drake BB, Garcia-Pagan JC, Barbera JA, Arguedas MR, 
Rodriguez-Roisin R, et al. Effect of transjugular intrahepatic portosystemic 
shunt on pulmonary gas exchange in patients with portal hypertension and 
hepatopulmonary syndrome. World J Gastroenterol 2005;11(43):6858–
6862. doi:10.3748/wjg.v11.i43.6858, PMID:16425397.

[104]	Denié C, Vachiéry F, Gadano A, Sogni P, Elman A, Moreau R, et al. Influ-
ence of transjugular intrahepatic portosystemic shunts (TIPS) on tissue 
oxygenation in patients with cirrhosis. Liver 1998;18(4):239–244. doi:10.
1111/j.1600-0676.1998.tb00159.x, PMID:9766818.

[105]	 Tsauo J, Zhao H, Zhang X, Ma H, Jiang M, Weng N, et al. Effect of Tran-
sjugular Intrahepatic Portosystemic Shunt Creation on Pulmonary Gas Ex-
change in Patients with Hepatopulmonary Syndrome: A Prospective Study. 
J Vasc Interv Radiol 2019;30(2):170–177. doi:10.1016/j.jvir.2018.09.017, 
PMID:30717947.

[106]	Van der Linden P, Le Moine O, Ghysels M, Ortinez M, Devière J. Pul-
monary hypertension after transjugular intrahepatic portosystemic shunt: 
effects on right ventricular function. Hepatology 1996;23(5):982–987. 
doi:10.1053/jhep.1996.v23.pm0008621179, PMID:8621179.

[107]	Wannhoff A, Hippchen T, Weiss CS, Friedrich K, Rupp C, Neumann-Hae-
felin C, et al. Cardiac volume overload and pulmonary hypertension in 
long-term follow-up of patients with a transjugular intrahepatic portosys-
temic shunt. Aliment Pharmacol Ther 2016;43(9):955–965. doi:10.1111/
apt.13569, PMID:26919285.

[108]	Zhao H, Liu F, Yue Z, Wang L, Fan Z, He F. Clinical efficacy of transjug-
ular intrahepatic portosystemic shunt in the treatment of hepatopulmo-
nary syndrome. Medicine (Baltimore) 2017;96(49):e9080. doi:10.1097/
MD.0000000000009080, PMID:29245324.

[109]	 Tsauo J, Weng N, Ma H, Jiang M, Zhao H, Li X. Role of Transjugular 
Intrahepatic Portosystemic Shunts in the Management of Hepatopul-
monary Syndrome: A Systemic Literature Review. J Vasc Interv Radiol 
2015;26(9):1266–1271. doi:10.1016/j.jvir.2015.04.017, PMID:26074026.

https://doi.org/10.1152/ajpgi.1997.272.4.G779
https://doi.org/10.1152/ajpgi.1997.272.4.G779
http://www.ncbi.nlm.nih.gov/pubmed/9142908
https://doi.org/10.1053/gast.1997.v113.pm9247483
https://doi.org/10.1053/gast.1997.v113.pm9247483
http://www.ncbi.nlm.nih.gov/pubmed/9247483
https://doi.org/10.1002/hep.510270222
http://www.ncbi.nlm.nih.gov/pubmed/9462646
https://doi.org/10.1002/hep.20244
https://doi.org/10.1002/hep.20244
http://www.ncbi.nlm.nih.gov/pubmed/15185300
https://doi.org/10.1152/ajplung.00446.2006
http://www.ncbi.nlm.nih.gov/pubmed/17337507
https://doi.org/10.1111/j.1440-1746.2005.03914.x
http://www.ncbi.nlm.nih.gov/pubmed/16174071
https://doi.org/10.1152/ajpgi.00298.2003
http://www.ncbi.nlm.nih.gov/pubmed/14715521
https://doi.org/10.1164/rccm.200201-027OC
http://www.ncbi.nlm.nih.gov/pubmed/12186830
https://doi.org/10.1002/jcp.30420
http://www.ncbi.nlm.nih.gov/pubmed/34041750
https://doi.org/10.1042/CS20120052
http://www.ncbi.nlm.nih.gov/pubmed/23043394
https://doi.org/10.1016/j.jhepr.2022.100527
http://www.ncbi.nlm.nih.gov/pubmed/36035361
https://doi.org/10.1111/j.1600-6143.2009.02822.x
https://doi.org/10.1111/j.1600-6143.2009.02822.x
http://www.ncbi.nlm.nih.gov/pubmed/19775311
https://doi.org/10.1002/hep.26070
https://doi.org/10.1002/hep.26070
http://www.ncbi.nlm.nih.gov/pubmed/22996424
https://doi.org/10.1111/ajt.12713
http://www.ncbi.nlm.nih.gov/pubmed/24730359
https://doi.org/10.3748/wjg.v11.i43.6858
http://www.ncbi.nlm.nih.gov/pubmed/16425397
https://doi.org/10.1111/j.1600-0676.1998.tb00159.x
https://doi.org/10.1111/j.1600-0676.1998.tb00159.x
http://www.ncbi.nlm.nih.gov/pubmed/9766818
https://doi.org/10.1016/j.jvir.2018.09.017
http://www.ncbi.nlm.nih.gov/pubmed/30717947
https://doi.org/10.1053/jhep.1996.v23.pm0008621179
http://www.ncbi.nlm.nih.gov/pubmed/8621179
https://doi.org/10.1111/apt.13569
https://doi.org/10.1111/apt.13569
http://www.ncbi.nlm.nih.gov/pubmed/26919285
https://doi.org/10.1097/MD.0000000000009080
https://doi.org/10.1097/MD.0000000000009080
http://www.ncbi.nlm.nih.gov/pubmed/29245324
https://doi.org/10.1016/j.jvir.2015.04.017
http://www.ncbi.nlm.nih.gov/pubmed/26074026

	﻿﻿﻿Abstract﻿

	﻿﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿﻿TIPS procedure﻿

	﻿﻿﻿Safety and adverse effects of TIPS﻿

	﻿﻿﻿﻿Effects of TIPS on renal function in hepatic decompensation in the absence of HRS﻿


	﻿﻿﻿﻿﻿HRS﻿

	﻿﻿﻿Definition and epidemiology﻿

	﻿﻿﻿﻿Pathophysiology of HRS﻿

	﻿﻿﻿﻿﻿Preclinical studies﻿

	﻿﻿﻿﻿Management of HRS﻿

	﻿﻿﻿﻿﻿Effects of TIPS on renal function in patients with HRS﻿


	﻿﻿﻿﻿﻿HPS﻿

	Definition and epidemiology 
	Pathophysiology of HPS
	Animal models of HPS
	Diagnosis of HPS
	Management of HPS
	Effects of TIPS on pulmonary function in hepatic decompensation in the absence of HPS
	The effects of TIPS on pulmonary function in HPS

	Conclusions
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

