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Abstract
AIM: To investigate if echocardiographic and hemo
dynamic determinations obtained at the time of trans
jugular intrahepatic portosystemic shunt (TIPS) can 
provide prognostic information that will enhance risk 
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stratification of patients.

METHODS: We reviewed medical records of 467 
patients who underwent TIPS between July 2003 
and December 2011 at our institution. We recorded 
information regarding patient demographics, underlying 
liver disease, indication for TIPS, baseline laboratory 
values, hemodynamic determinations at the time of 
TIPS, and echocardiographic measurements both before 
and after TIPS. We recorded patient comorbidities 
that may affect hemodynamic and echocardiographic 
determinations. We also calculated Model for End-
stage Liver Disease (MELD) score and Child Turcotte 
Pugh (CTP) class. The following pre- and post-TIPS 
echocardiographic determinations were recorded: 
Left ventricular ejection fraction, right ventricular (RV) 
systolic pressure, subjective RV dilation, and subjective 
RV function. We recorded the following hemodynamic 
measurements: Right atrial (RA) pressure before and 
after TIPS, inferior vena cava pressure before and after 
TIPS, free hepatic vein pressure, portal vein pressure 
before and after TIPS, and hepatic venous pressure 
gradient (HVPG).

RESULTS: We reviewed 418 patients with portal 
hypertension undergoing TIPS. RA pressure increased 
by a mean ± SD of 4.8 ± 3.9 mmHg (P  < 0.001), HVPG 
decreased by 6.8 ± 3.5 mmHg (P  < 0.001). In multi
variate linear regression analysis, a higher MELD score, 
lower platelet count, splenectomy and a higher portal 
vein pressure were independent predictors of higher 
RA pressure (R = 0.55). Three variables predicted 
3-mo mortality after TIPS in a multivariate analysis: 
Age, MELD score, and CTP grade C. Change in the RA 
pressure after TIPS predicted long-term mortality (per 
1 mmHg change, HR = 1.03, 95%CI: 1.01-1.06, P  < 
0.012). 

CONCLUSION: RA pressure increased immediately 
after TIPS particularly in patients with worse liver 
function, portal hypertension, emergent TIPS placement 
and history of splenectomy. The increase in RA pressure 
after TIPS was associated with increased mortality. 
Age, splenectomy, MELD score and CTP grade were 
independent predictors of long-term mortality after 
TIPS.

Key words: Transjugular intrahepatic portosystemic 
shunt; Transjugular portosystemic shunts; Right atrial 
pressure; Outcomes; Mortality
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Core tip: Transjugular intrahepatic portosystemic shunt 
(TIPS) is a procedure accompanied by morbidity and 
mortality. We hypothesize that echocardiographic and 
hemodynamic determinations obtained at the time 
of TIPS can provide prognostic information that will 
enhance risk stratification of patients. We measured 
echocardiographic and hemodynamic variables before 

and immediately after the TIPS procedure in a large 
cohort of patients at our institution. Our findings corro
borate previous literature stating that right atrial pre
ssure increased after TIPS. Our study demonstrates 
several predictors of long-term mortality after TIPS, such 
as age, splenectomy, and Model for End-stage Liver 
Disease score; this data can help assess the risk for 
patients undergoing TIPS. 
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) is 
a procedure performed to treat complications of portal 
hypertension such as bleeding esophageal varices, 
refractory ascites and hepatic hydrothorax[1-3]. The 
placement of a covered stent creates an anastomosis 
between the hypertensive portal vein and the inferior 
vena cava via the hepatic vein; this non-surgically decom
presses the portal pressure. Although TIPS is minimally
invasive, patients with advanced liver disease-particularly 
those with comorbidities-can have complications related 
to the procedure. The Model of End-stage Liver Disease 
(MELD) score was originally conceived to determine 
survival outcomes in patients receiving TIPS. In their 
original study, Malinchoc et al[4] created a model utiliz
ing serum bilirubin, serum creatinine, international 
normalized ratio (INR), and cause of underlying liver 
disease, all of which were used to predict three-month 
mortality in patients undergoing TIPS. In today’s practice, 
the MELD score is primarily used to determine the extent 
of liver failure and subsequent placement on organ 
transplant waiting lists in addition to predicting risk and 
mortality of TIPS placement. However, there remains a 
limited amount of data available that can ascertain which 
variables convey a higher risk of complications from 
TIPS.

TIPS is a procedure that should be employed meti
culously, as it can be accompanied by morbidity and 
mortality. Existing literature has elucidated variables 
that are traditionally associated with a poor outcome 
after TIPS, which include increasing age, male gender, 
high Child-Turcotte-Pugh (CTP) score, high MELD score, 
urgent placement of TIPS for uncontrolled variceal 
hemorrhage, renal dysfunction, ascites, and pre-existing 
hepatic encephalopathy[5-10]. However, there is a dearth 
of studies assessing the prognostic value of echocar
diographic and hemodynamic determinations at the time 
of TIPS. 

Liver cirrhosis is characterized by a hyperdynamic 
circulation, with an increased cardiac preload and a 
decreased cardiac afterload; this pre-existing hemody
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namic stress in cirrhotic patients may be worsened after 
TIPS placement. After TIPS placement, there is a rapid 
increase in blood flow from the splanchnic circulation 
to both the right heart and pulmonary circulation[11-13]. 
This increase in volume can precipitate right ventricular 
(RV) failure and pulmonary hypertension[13,14]. The 
pulmonary pressures may increase, particularly if the 
vasculature cannot vasodilate to accommodate the 
increase in cardiac output. In addition, TIPS permits 
more direct delivery of vasoactive and neurohumoral 
mediators, which are normally cleared by the liver, to the 
pulmonary circulation[5,14]. This higher load of vasoactive 
mediators may increase the RV afterload[14]. Due to 
these hemodynamic changes, it has been recommended 
that the TIPS procedure be considered with caution in 
patients with limited cardiac reserve[11,14]. While there 
are no clinical studies that identify a single RA pressure 
measurement that constitutes an absolute threshold 
above which TIPS should not be performed, intervention 
should be reconsidered or performed cautiously when 
right atrial (RA) pressure is greater than 20 mmHg; 
furthermore, a pulmonary arterial pressure greater than 
45 mmHg may contraindicate TIPS placement.

Evidently, TIPS is not suitable for every patient that 
presents with portal hypertension, and contraindications 
must be ruled out prior to stent placement. Further 
research is indispensable to optimizing patient selection 
in order to achieve maximum survival benefits. We hypo­
thesize that the echocardiographic and hemodynamic 
determinations obtained at the time of TIPS can provide 
prognostic information that will enhance risk strati
fication of patients for this procedure. We particularly 
sought to assess whether RA pressure could provide 
prognostic information, given that a higher RA pressure 
may reflect a higher intravascular volume and a degree 
of systolic/diastolic RV dysfunction, conditions that could 
worsen after TIPS placement. We tested our hypothesis 
in a large number of patients who underwent TIPS 
placement at the Cleveland Clinic.

MATERIALS AND METHODS
This retrospective study received approval from the 
Cleveland Clinic Institutional Review Board (study 
number: 12-579). Written informed consent was waived. 
We reviewed the medical records of 467 patients who
underwent TIPS placement between July 2003 and 
December 2011. Patients were identified using the 
billing codes for TIPS. Subjects were excluded from the 
analyses if they underwent liver transplantation before 
TIPS, TIPS placement was unsuccessful, or if the initial 
TIPS procedure was performed at an outside facility. 
Forty-nine patients met exclusion criteria and were thus 
excluded from analysis.

We recorded information regarding patient demo
graphics, underlying liver disease, indication for TIPS, 
baseline laboratory values (albumin, bilirubin, INR, 
creatinine, and platelets), hemodynamic determinations 
at the time of TIPS, and echocardiographic measure

ments both before and after TIPS. We also recorded 
patient comorbidities that may affect hemodynamic 
and echocardiographic determinations, including arterial 
hypertension, cardiac heart failure, heart valvular 
disease, chronic obstructive pulmonary disease, inter
stitial lung disease, scleroderma, splenectomy, sarcoi
dosis, sleep apnea, hypothyroidism, chronic kidney 
disease on hemodialysis, human immunodeficiency virus 
status, and cocaine use. In addition, we calculated MELD 
score and CTP class.

We recorded the following pre-TIPS echocardiographic 
determinations: Left ventricular ejection fraction (LVEF), 
RV systolic pressure (RVSP), subjective RV dilation, 
and subjective RV function. We recorded the following 
hemodynamic measurements: RA pressure before and 
after TIPS, inferior vena cava pressure before and after 
TIPS, free hepatic vein pressure, portal vein pressure 
before and after TIPS, and hepatic venous pressure 
gradient (HVPG). RV and pulmonary artery pressures 
were not routinely measured. It should be noted that 
all variables collected after TIPS were measured imme
diately after the procedure was performed. We also 
collected information regarding the type, diameter and 
length of the stent placed. 

We recorded the following post-TIPS echocar
diographic determinations: LVEF, RVSP, subjective RV 
dilation and function.

TIPS technique
The TIPS procedure was performed according to 
previously described techniques, with modifications 
as needed[15]. After instillation of local anesthesia, 
the internal jugular vein was cannulated under direct 
ultrasound guidance and an introducer was placed. 
Through the introducer, an angled catheter was advanced 
into the RA and the pressure was recorded. The catheter 
was then maneuvered into the right hepatic vein. A long 
sheath was advanced to the proximal right hepatic vein, 
followed by a Fogarty balloon. Wedged and free hepatic 
vein pressures are not routinely collected during the TIPS 
procedure; these values are usually known from prior 
transjugular liver biopsy procedures performed on these 
patients. Carbon dioxide was injected as the contrast 
agent while digital images were obtained in an attempt 
to opacify the portal venous system. A parenchymal 
tract was created from the right hepatic vein to the right 
portal vein using a sheathed modified Colapinto needle. 
Alternatively, the TIPS procedure was performed with the 
modified Rosch-Uchida set. The kit used depends on the 
preference of the physician performing the procedure. A 
catheter was advanced into the portal vein and an initial 
pressure measurement was obtained. Nonionic contrast 
material was injected in order to display the anatomy and 
confirm the entry site. The parenchymal tract was then 
dilated and a stent was placed with the goal of obtaining 
an HVPG < 12 mmHg for patients with GI bleeding. 
There is no defined HVPG for patients with ascites; too 
low of a gradient puts these patients at risk for hepatic 
encephalopathy. At our institution, we aim to obtain an 
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ratio with 95%CI. We evaluated the association between 
RA pressure and other variables with univariate linear 
regression. We tested the relationship between survival 
and variables of interest with Cox proportional-hazards 
modeling adjusted for age and gender. The start point 
for the analysis was the date of the TIPS and the end 
of follow-up was marked by the patient’s death or the 
end of study in December 2011. Patients were censored 
at the time of orthotopic liver transplant (OLT). Factors 
associated with survival in the univariate analysis (P value 
< 0.05) were entered into a multivariate model (forward 
selection). Results are expressed as hazard ratios (HRs) 
with the corresponding 95%CI. Predictors with HRs 
> 1 are associated with a higher risk for the outcome 
tested. We constructed receiver operating characteristic 
(ROC) curves to determine the sensitivity and specificity 
of different cutoffs of RA pressure and estimated RVSP 
for discriminating patients who died during follow-up. 
All P values reported are two tailed and P-values < 0.05 
were considered significant. The statistical analyses were 
performed using SPSS version 17 (SPSS, Inc, Chicago, 
IL) and MedCalc, version 14.12.0 (Ostend, Belgium). The 
statistical methods of this study were reviewed by Dr. 
Adriano Tonelli from the Cleveland Clinic Foundation.

RESULTS
Patient characteristics
We included 418 patients with portal hypertension in 
the study. The mean ± SD age was 55.8 ± 11.6 years 
and 242 patients (57.9%) were male. The primary 
causes of portal hypertension were cryptogenic and 
non-alcoholic steatohepatitis (NASH) induced cirrhosis 
[n = 132 (31.6%)], alcohol induced liver disease [n 
=105 (25.1%)] and hepatitis C virus [n = 105 (25.1%)]. 
Less common etiologies for portal hypertension and 
comorbidities are listed in Table 1. 

Indications for TIPS included gastrointestinal bleeding 
[n = 182 (43.5%)], refractory ascites [n = 157 (37.6%)], 
hepatic hydrothorax [n = 51 (12.2%)] and other causes 
[n = 28 (6.7%)] (Table 1). A total of 113 (27.8%) 
TIPS procedures were done emergently. Laboratory 
evaluations of patients before TIPS (n = 416) are as 
follows (mean ± SD): Serum albumin (g/dL) 2.9 ± 0.7, 
serum bilirubin (mg/dL) 3.0 ± 5.4, INR 1.3 ± 0.4, serum 
creatinine (mg/dL) 1.3 ± 1.1, platelets (K/µL) 115.3 ± 
77.6. MELD score pre-TIPS revealed a mean ± SD of 
13.3 ± 6.9. Meanwhile, CTP classes A, B and C were 
present in 46 (11.5%), 224 (55.9%) and 131 patients 
(31.3%), respectively. The mean ± SD diameter of the 
stent placed was 9.9 ± 1 mm.

Echocardiographic and invasive hemodynamic 
determinations
Among the 301 patients who had echocardiography 
data available, 224 patients (74%) had estimates of the 
RVSP, which demonstrated a mean ± SD of 31.9 ± 10.9 
mmHg. Only 11 patients (3.7%) out of 294 in whom 

HVPG around 7-8 mmHg, but this is not absolute and is 
adjusted to the clinical circumstances such as LFTs and 
the presence of encephalopathy pre-TIPS. The majority 
of our TIPS procedures are performed for control of 
ascites. A final angiogram was used to confirm good flow 
through the TIPS. In addition, the RA pressure and portal 
vein pressure were measured again immediately after 
the TIPS procedure was completed.

Statistical analysis
Means and SD are provided for continuous variables, 
while numbers of patients with percentages are given 
for categorical variables. Hemodynamic variables before 
and after TIPS were compared using paired t-test. Binary 
logistic regression was used to identify variables that 
predict 3-mo mortality and results are reported as odds 

Table 1  Baseline characteristics of the patient cohort

Demographics n  (%) or mean ± SD

n 418
Age (yr)   55.8 ± 11.6
Male gender 242 (57.9)
Etiologies of portal hypertension
   NASH cirrhosis 132 (31.6)
   Alcohol induced liver disease 105 (25.1)
   HCV 105 (25.1)
   Primary sclerosing cholangitis 16 (3.8)
   Primary biliary cirrhosis 11 (2.6)
    Others1   49 (11.7)
Patient comorbidities
   Systemic hypertension 155 (37.1)
   Hypothyroidism   50 (12.0)
   COPD/ILD 34 (8.1)
   Sleep apnea 20 (4.8)
   Cardiac heart failure 18 (4.3)
   Chronic kidney disease on hemodialysis 17 (4.1)
   Valvular heart disease 17 (4.1)
   Sarcoidosis   5 (1.2)
   Splenectomy   5 (1.2)
   Scleroderma   4 (1.0)
   Cocaine use   4 (1.0)
   HIV   1 (0.2)
Indications for TIPS
   GI bleeding 182 (43.5)
   Refractory ascites 157 (37.6)
   Hepatic hydrothorax   51 (12.2)
   Others2 28 (6.7)
Basic laboratory parameters
Serum albumin (g/dL)   2.9 ± 0.7
Serum bilirubin (mg/dL)   3.0 ± 5.4
INR   1.3 ± 0.4
Serum creatinine (mg/dL)   1.3 ± 1.1
Platelets (K/µL) 115.3 ± 77.6

1Other etiologies of portal hypertension include hepatitis B virus, auto
immune hepatitis, alpha-1 anti-trypsin deficiency, Budd Chiari syndrome, 
hemochromatosis, Wilson’s disease, sarcoidosis, cystic fibrosis, biliary 
atresia, portal vein thrombosis, nodular regenerative hyperplasia, veno-
occlusive disease and Caroli’s disease; 2Other indications for TIPS include 
hepatorenal syndrome, portal hypertensive gastropathy, superior 
mesenteric vein thrombosis, splenomegaly and the need to decrease the 
portal pressure prior to a surgical intervention. COPD: Chronic obstructive 
pulmonary disease; HIV: Human immunodeficiency virus; ILD: Interstitial 
lung disease; HCV: Hepatitis C virus; TIPS: Transjugular portosystemic 
shunt; INR: International normalized ratio.
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the RV function was evaluated had mild or moderate 
RV dysfunction prior to TIPS placement. There were 
several notable hemodynamic changes that occurred 
immediately after TIPS. The RA pressure increased by a 
mean ± SD of 4.8 ± 3.9 mmHg (P < 0.001). The HVPG 
decreased by a mean ± SD of 6.8 ± 3.5 mmHg (P < 
0.001). However, this was at the expense of a reduction 
in the portal vein pressure, which decreased by a 
mean ± SD of 11.7 ± 5.6 mmHg (P < 0.001). Finally, 
the RVSP measured by echocardiography (n = 109) 
increased by 7.4 ± 2.6 mmHg (P < 0.001).

Factors associated with RA pressure before TIPS 
We found several factors to be associated with elevated 
RA pressure prior to TIPS placement, including MELD 
score (R = 0.36, P < 0.001), serum bilirubin (R = 0.29, P 
< 0.001), INR (R = 0.26, P < 0.001), serum creatinine (R 
= 0.26, P < 0.001), platelets (R = -0.18, P < 0.001) and 
portal vein pressure (R = 0.46, P < 0.001). Elevated RA 
Pressure before TIPS is directly related to severity of the 
patient’s underlying liver disease. Moreover, splenectomy 
(R = 0.11, P = 0.03) and emergent TIPS placement 
(R = 0.24, P < 0.001) were associated with higher RA 
pressure in univariate linear regression analysis. RA 
pressure was not significantly different among the major 
etiologies of portal hypertension (ETOH, chronic hepatitis, 
NASH or others). In patients in whom TIPS were placed 
for acute variceal bleeding the RA before TIPS was higher 
(7.8 ± 5.9 mmHg) than TIPS placed for ascites (6.0 ± 3.9 
mmHg, P = 0.001). Similarly, RA pressure after TIPS was 
higher in patients who received TIPS for acute variceal 
bleeding (12.4 ± 6.5 mmHg vs 10.9 ± 4.0 mmHg, P = 
0.01) instead of ascites. 

In multivariate linear regression analysis, a higher 
MELD score, lower platelet count, splenectomy and a 
higher portal vein pressure were independent predictors 
of higher RA pressure (R = 0.55, P < 0.001) (Table 2). 
Adding the etiology of portal hypertension and/or the 
reason for TIPS as variables did not affect the model. 
RA pressure was not found to be associated with RVSP 
or RV function obtained with echocardiography.

Predictors of 3-mo survival after TIPS
A total of 97 (24.7%) patients died within the 3-mo 
period after TIPS. Twenty-six patients underwent OLT 
during this time frame and were excluded from this 

analysis. Table 3 shows variables that predicted mortality 
at 3-mo in a univariate binary logistic regression. 
Etiology of portal hypertension and reason for TIPS were 
not significant predictors of this outcome. Only three 
variables remained predictors of 3-mo mortality after 
TIPS in a multivariate binary analysis. These included 
age (per 1 year, OR = 1.04, 95%CI: 1.02-1.08, P = 
0.003), MELD score (per 1 unit, OR = 1.14, 95%CI: 
1.08-1.19, P < 0.001) and CTP grade C (compared to A, 
OR = 4.75, 95%CI: 1.02-22.17, P < 0.001). 

Predictors of long-term survival after TIPS
Patients were followed for a median (interquartile range) 
of 26.7 (2-45) mon. A total of 68 (16.3%) patients 
underwent OLT after TIPS. Of the remaining patients, 
261 (74.6%) patients died before transplantation 
during follow-up. Median survival after TIPS was 26 
mo (95%CI: 17-33) (Figure 1). Table 4 shows several 
variables that predicted long-term mortality post TIPS 
in a univariate Cox survival analysis. Etiology of portal 
hypertension or reason for TIPS was non-significant 
predictors of long-term mortality in our cohort. Table 5 
shows significant predictors of long-term mortality after 
TIPS (age, splenectomy, MELD score, CTP groups B and 
C) according to a multivariate analysis that excluded 
echocardiographic parameters. When echocardiographic 
parameters were factored into the model, MELD score 
(per 1 unit, HR = 1.05, 95%CI: 1.02-1.08, P < 0.001) 
and RV function (per increase in 1 degree of severity, 
HR = 2.24, 95%CI: 1.34-3.74, P < 0.002) were 
significant predictors of long-term mortality. Of the 
hemodynamic determinations studied, only the change 
in the RA pressure after TIPS predicted long-term 
mortality (per 1 mmHg change, HR = 1.03, 95%CI: 
1.01-1.06, P < 0.012). 

Receiver operating characteristic analysis for RA 
pressure and RVSP
We also constructed ROC curves using the classification 

Table 2  Multivariate linear regression model with right atrial 
pressure as dependent variable 

Model β Standard error P -value

Constant -2.21 1.01   0.03a

MELD score  0.19 0.03 < 0.001b

Platelet count (K/μL) -0.01 0.01     0.004b

Portal vein pressure (mmHg)  0.30 0.03 < 0.001b

Splenectomy  4.69 1.97  0.02 

R = 0.55, R2 = 0.3, adjusted R2 = 0.29. aP < 0.05; bP < 0.01. MELD: Model for 
End stage Liver Disease.

Table 3  Univariate predictors of three-month survival

Variables OR 95%CI P

Age (per 1 yr)   1.03 1.01-1.06     0.003b

CKD on HD (yes)   5.93   1.94-18.16     0.002b

MELD (per unit change)   1.15 1.10-1.19 < 0.001b

CTP B (compared to A)   4.56   1.06-19.67  0.04a

CTP C (compare to A) 13.90   3.21-60.20 < 0.001b

RVSP (per mmHg)   1.03 1.00-1.06  0.02a

Emergent placement (yes)   2.56 1.57-4.19 < 0.001b

RA pressure before TIPS (per 1 mmHg) 1.1 1.05-1.15 < 0.001b

Portal vein pressure before TIPS 
(per 1 mmHg)

  1.04 1.01-1.08  0.02a

RA pressure after TIPS (per 1 mmHg)   1.07 1.03-1.12     0.002b

Portal vein pressure after TIPS 
(per 1 mmHg)

  1.06 1.02-1.10     0.006b

aP < 0.05; bP < 0.01. CKD: Chronic kidney disease; CTP: Child Turcotte 
Pugh; HD: Hemodialysis; MELD: Model for End stage Liver Disease; OR: 
Odds ratio; RA: Right atrium; RVSP: Right ventricular systolic pressure; 
TIPS: Transjugular portosystemic pressure. 
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variables mortality at 3-mo (excluding liver transplant) 
and mortality or liver transplant at one year. The first 
variable tested was RA pressure measure by right heart 
catheterization immediately before TIPS. The area under 
the curve (AUC) for 3-mo mortality was 0.63 (95%CI: 
0.58-0.68, P < 0.001) (Figure 2A) with an optimal cut-
off by Youden index of > 9 mmHg (sensitivity of 41.3%, 
specificity of 80.5%). In addition, RA pressure > 14 
mmHg had a sensitivity of 14.1% and specificity of 
95.7%. The AUC for mortality or liver transplant at one 
year was 0.58 (95%CI: 0.53-0.64, P = 0.009) and a RA 
pressure of > 9 mmHg showed a sensitivity of 18.1% 
and specificity of 66.4% in predicting this outcome.

An ROC curve testing a second variable, RVSP 
estimated by echocardiography, was also constructed. 
The AUC for 3-mo mortality was 0.60 (95%CI: 
0.53-0.67, P = 0.04) (Figure 2B) with a Youden index 
of > 29 mmHg (sensitivity of 67.4 % and specificity 
of 50.6%). At a cut-off > 40 mmHg, the sensitivity 
was 28.3% and specificity was 88.0%. Moreover, at 
a cut-off > 50 mmHg, the sensitivity was 10.9% and 
specificity was 95.6% for predicting 3-mo mortality. 
The AUC predicting mortality or liver transplant at one 
year for RVSP was 0.58 (0.51-0.65, P = 0.047) with 
a Youden index of > 29 mmHg (sensitivity of 41.8% 
and specificity of 42.0%). At a cut-off > 40 mmHg, the 
sensitivity was 10.0% and specificity was 79.0% and 

at a cut-off > 50 mmHg, the sensitivity was 3.60% and 
specificity was 91.4%.

A Kaplan-Meier analysis was performed, and three-
month survival after TIPS based on RA pressure > 9 
mmHg vs ≤ 9 mmHg and estimated RVSP pressure > 
40 mmHg vs ≤ 40 mmHg is presented in Figure 3.

DISCUSSION
We analyzed a large cohort of patients with portal 
hypertension who underwent TIPS for a variety of 
reasons, chiefly to assess hemodynamic variables before 
and after TIPS as potential predictors for mortality. 
We found an increase in RA pressure and a decrease 
in portal vein pressure after TIPS. The increase in RA 
pressure immediately after TIPS was associated with 
worsening liver function, portal hypertension, emergent 
TIPS placement and history of splenectomy. Of all the 
hemodynamic variables measured at the time TIPS, the 
increase in RA pressure after TIPS was associated with 
increased long-term mortality and a RA pressure > 9 
mmHg before TIPS predicted 3- and 12-mo mortality 
with specificity of 81% and 66%, respectively. It is 
important to note that in our models, the etiology of 
portal hypertension and the reasons for placing TIPS 
had no impact on short- or long-term survival. 

Other studies examined the hemodynamic changes 
before and after TIPS. Kovács et al[16] assessed the short-

Table 4  Predictors of long term mortality in univariate Cox 
survival analysis 

Variables HR 95%CI P

Age (per 1 yr) 1.02 1.01-1.03    0.001b

HCV (ETOH reference) 1.45 1.03-2.04  0.03a

Splenectomy (yes) 3.32 1.36-8.10    0.008b

CHF (yes) 1.32 1.01-1.74  0.04a

Hypothyroidism (yes) 1.20 1.00-1.42  0.04a

CKD on HD (yes) 1.56 1.17-2.06    0.002b

Portal vein pressure before TIPS 
(per 1 mmHg)

1.03 1.01-1.04    0.008b

RA pressure before TIPS (per 1 mmHg) 1.03 1.01-1.06  0.01a

RA pressure after TIPS (per 1 mmHg) 1.03 1.00-1.05  0.02a

MELD score (per 1 unit) 1.07 1.05-1.09 < 0.001b

Albumin (per 1 mg/dL) 0.70 0.58-0.84 < 0.001b

Billirubin (per 1 mg/dL) 1.05 1.03-1.07 < 0.001b

INR (per 1 unit change) 1.30 1.07-1.60  0.01a

Creatinine (per 1 mg/dL) 1.26 1.14-1.39 < 0.001b

CTP category B (reference A) 1.98 1.24-3.18    0.004b

CTP category C (reference A) 3.02 1.85-4.94 < 0.001b

EF echocardiogram pre TIPS 
(per 1% increase)

0.98 0.95-1.00  0.04a

RVSP pre TIPS (per 1 mmHg increase) 1.02 1.01-1.04    0.005b

Moderate RV dysfunction 
(normal RV reference)

2.84 1.18-6.85  0.02a

EF post TIPS (per 1% increase) 0.98 0.96-1.00  0.03a

RVSP post TIPS 
(per 1 mmHg increment)

1.02 1.01-1.04  0.01a

aP < 0.05; bP < 0.01. CHF: Congestive heart failure; CKD: Chronic kidney 
disease; CTP: Child turcotte pugh; EF: Ejection fraction; HCV: Hepatitis 
C virus; HD: Hemodialysis; HR: Hazard ratio; MELD: Model for End 
stage Liver Disease; RA: Right atrium; RV: Right ventricle; RVSP: Right 
ventricular systolic pressure; TIPS: Transjugular intrahepatic portosystemic 
shunt; INR: International normalized ratio; ETOH: Alcoholic etiology.

Table 5  Multivariate Cox survival analysis (without including 
hocardiographic arameters) 

Variables HR 95%CI P

Age (per 1 yr) 1.02 1.01-1.03     0.004b

Splenectomy (yes) 3.06 1.24-7.52   0.02a

MELD score (per 1 unit) 1.05 1.03-1.08 < 0.001b

CTP B (compared to A) 1.99 1.20-3.32     0.008b

CTP C (compared to A) 2.45 1.41-4.26     0.001b

aP < 0.05; bP < 0.01. CTP: Child turcotte pugh; HR: Hazard ratio; MELD: 
Model for End-stage Liver Disease.

No. at risk
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Figure 1  Survival after transjugular portosystemic shunts. Kaplan-Meier 
survival analysis censored by liver transplantation. Markers are shown at 3 and 
12 mo.
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term hemodynamic and cardiac magnetic resonance 
imaging changes after TIPS in 11 patients with liver 
cirrhosis and intractable esophageal varices or refractory 
ascites. They concluded that the amount of shunted 
blood after TIPS was more than the preload reserve 
of the right and left ventricle, and this was manifested 
by the significant increase of the pulmonary capillary 
wedge pressure and persistent enlargement of the left 
and right atria. Van der Linden et al[14] studied the short 
and mid-term hemodynamic changes after TIPS in 16 
sedated biopsy proven cirrhotic patients. They noted 
an increase in the mean pulmonary artery pressure 
(PAP), cardiac index, and RA pressure after TIPS. After a 
transient balloon occlusion of the shunt, they measured 
these hemodynamics variables once again. Interestingly, 
all hemodynamic determinations returned to baseline 
except for the mean PAP, which remained significantly 
elevated. This hemodynamic change persisted after 
one month, suggesting that the increase in pulmonary 

pressure after TIPS is not only due to volume overload 
but also due to neurohumoral changes. This is consistent 
with findings from previous studies that evaluated the 
hemodynamic changes after TIPS placement[11,17].

Azoulay et al[11] investigated 12 cirrhotic patients 
who underwent the TIPS procedure due to refractory 
ascites or refractory esophageal variceal bleeding. 
Hemodynamics were measured before TIPS, at 30 min, 
and one month after TIPS. Significant changes recorded 
included the decrease in the HVPG from 15 ± 3 to 7 
± 3 mmHg at 30 min after TIPS, and the subsequent 
decrease to 8 ± 3 mmHg at one month. The cardiac 
index increased from 4.5 ± 1.3 to 5.7 ± 1.5 at 30 min 
after TIPS and subsequently to 7.4 ± 1.4 L/(min·m2) 
at one month. Colombato et al[17] studied in 15 cirrhotic 
patients the systemic, splanchnic and pulmonary 
hemodynamics before TIPS, at 15-30 min and at two 
months after TIPS. Immediately after TIPS, the cardiac 
index increased by 32% and at two months the increase 
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Figure 2  Receiver operating characteristic curves for three-month mortality. We tested the variables right atrium pressure before TIPS (A) and estimated RVSP 
by echocardiography pre TIPS (B). RVSP: Right ventricular systolic pressure; TIPS: Transjugular portosystemic shunt; RA: Right atrium.
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Figure 3  Kaplan-Meier analysis of three-month survival after transjugular portosystemic shunts. A: Stratified by RA pressure > 9 mmHg vs ≤ 9 mmHg; B: 
Stratified by estimated RVSP pressure > 40 mmHg vs ≤ 40 mmHg. The separation in survival curves in both panels is particularly noted during the first month. P 
values are provided by log-rank test. RVSP: Right ventricular systolic pressure; RA: Right atrium.
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was attenuated but remained significantly elevated. In 
our study, the only hemodynamic variable measured 
that significantly predicted long-term mortality after TIPS 
was RA pressure. It is worth noting that our cohort was 
much larger: 418 patients in our study vs 15 patients in 
Colombato et al[17]’s study. 

Mortality after TIPS continues to be elevated despite 
better selection of patients and improvements in the 
technical aspects of the procedure. In fact, the overall 
30-d mortality ranges between 3% and 44%; meanwhile 
the one year mortality varies from 11% to 58%. The 
mortality is greater in high risk patients, in whom it 
can be as high as 90% within a few weeks after the 
procedure[5,6,18,19]. In our study, we observed a 3-mo and 
12-mo mortality after TIPS (censored by liver transplant) 
of 23.6% and 40.3%, respectively. Given this high 
mortality rate, it is advantageous to identify predictors of 
short- and long-term mortality in patients considered for 
TIPS. Variables previously reported to adversely impact 
outcomes after TIPS include age[19,20], gender, need 
for emergent TIPS, encephalopathy[6], ascites, variceal 
hemorrhage[6], CTP class C[10,20], MELD score, bilirubin > 
3[6,21], INR[21], creatinine, alanine aminotransferase > 100 
IU/L[6], sodium level[10], albumin[21] and portosystemic 
gradient. 

Our study yielded results that corroborate the afo
rementioned literature. In our study, both echocardio
graphic (RVSP) and hemodynamic (RA and portal vein 
pressures both before and after TIPS) variables were 
predictors of 3-mo survival after TIPS. However, the 
effect of these determinations became non-significant 
when adjusting for age, MELD score and CTP grade. Inter
estingly, a large number of variables impacted long-term 
survival. Those with independent value included age, 
MELD score, CTP grade, splenectomy and RV function. 
We also noted that the higher MELD score and CTP grade 
impacts adversely the short and long-term prognosis 
after TIPS. These findings have been described in the 
literature as predictors of short and long term mortality 
after TIPS creation in cirrhotic patients[5,10,20]. Parvinian et 
al[19] evaluated the specificity of RA pressure in predicting 
mortality after TIPS at 30- and 90-d in a series of 125 
patients. They demonstrated 30-d mortality of 18% 
and 90-d mortality of 28%. According to univariate 
analysis, baseline RA pressure and final RA pressure 
were significantly associated with survival at 30- and 
90-d, in addition to Child-Pugh score and MELD score. 
As in our study, multivariate analysis did not include RA 
pressure as an independent predictor of mortality at 
90-d, supporting these results in a large patient cohort. 

In this study, we particularly focused on the prognostic 
importance of hemodynamic and echocardiographic 
determinations. Patients with advanced cirrhosis and 
portal hypertension can develop cardiomyopathy with left 
ventricular diastolic dysfunction[21], hyperdynamic state, 
volume overload, and less commonly portopulmonary 
hypertension; these conditions can be aggravated with 
the insertion of TIPS[14,17,22-24]. The placement of TIPS 
rapidly increases the RV preload and afterload, which 

can lead to overt heart failure, pulmonary hypertension 
and death[11,14,16,22-37]. RA pressure obtained before TIPS 
could be of value in clinical practice; physicians may elect 
to abort a TIPS procedure based on this hemodynamic 
parameter.

Our study has limitations that include the: (1) 
retrospective collection of data; (2) the lack of data 
on cardiac output, pulmonary artery and pulmonary 
capillary wedge pressures which are determinations 
not routinely obtained at the time of TIPS; and (3) 
echocardiographic determinations were not done at the 
time of TIPS. The nature of our patient cohort also poses 
some limitations. Despite these limitations this study 
presents data on a large number of TIPS procedures 
performed during the course of eight years. It describes 
factors that affect short (3-mo) and long-term prognosis. 
Most importantly, we found that an important factor with 
predictive value is RA pressure, which increases after 
TIPS most prominently in patients with more severe liver 
disease.

RA pressure increased immediately after TIPS par
ticularly in patients with worse liver function, portal 
hypertension, emergent TIPS placement and history of 
splenectomy. The increase in RA pressure after TIPS was 
associated with increased mortality. Age, splenectomy, 
MELD score and CTP grade were independent predictors 
of long-term mortality after TIPS.
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COMMENTS
Background
Transjugular intrahepatic portosystemic shunt (TIPS) is a procedure that 
can be accompanied by morbidity and mortality. There is a lack of studies 
assessing the prognostic value of echocardiographic and hemodynamic 
determinations at the time of TIPS. The hypothesize that the echocardiographic 
and hemodynamic determinations obtained at the time of TIPS can provide 
prognostic information that will enhance risk stratification of patients for this 
procedure. 

Research frontiers
Risk stratification of patients with liver disease who are undergoing TIPS is 
imperfect. It is evident that a number of hemodynamic changes occur after 
the procedure; their effect on patient outcomes still warrants investigation. 
The authors examine echocardiographic and hemodynamic variables in this 
cohort of patients in order to glean information regarding survival and outcomes 
in patients undergoing TIPS. Furthermore, through a multivariate analysis 
they also investigate other variables that may significantly influence patient 
outcomes. This will help to optimize patient benefit from the TIPS procedure.

Innovations and breakthroughs
In their study, they found that right atrial pressure increased immediately after 
TIPS particularly in patients with worse liver function, portal hypertension, 
emergent TIPS placement and history of splenectomy. The increase in right 
atrial pressure after TIPS was associated with increased mortality. Age, 
splenectomy, Model of End-stage Liver Disease score and Child Turcotte Pugh 
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grade were independent predictors of long-term mortality after TIPS.

Applications
These findings could be used to enhance patient selection for TIPS.

Peer-review
This retrospective study is important clinical value to select the patients for 
TIPS and evaluate the prognosis for patients who underwent TIPS placement.
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