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Abstract

Background—Patients with cirrhosis and refractory ascites have physiologic and hormonal 

dysregulation that contributes to decreased kidney function. Placement of a transjugular 

intrahepatic portosystemic shunt (TIPS) can reverse these changes and potentially improve kidney 

function. We sought to evaluate change in estimated glomerular filtration rate (eGFR) following 

TIPS.

Study Design—Retrospective, matched cohort analysis.

Settings & Participants—Patients who underwent first-time TIPS placement for refractory 

ascites in 1995–2014. Frequency matching was used to generate a comparator group of patients 

with cirrhosis and ascites treated with serial large-volume paracentesis (LVP) in a 1:1 fashion.
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Predictor—TIPS placement compared to serial LVP.

Outcome—Change in eGFR over 90 days’ follow-up.

Measurements—Multivariable regression stratified by baseline eGFR <60 vs. ≥60 mL/min/1.73 

m2; analysis of effect modification between TIPS placement and baseline eGFR.

Results—276 subjects (TIPS, n=138; serial LVP, n=138) were analyzed. After 90 days, eGFR 

increased significantly after TIPS placement in subjects with baseline eGFR <60 mL/min/1.73 m2 

compared to treatment with serial LVP (21 [95% CI, 13–29] mL/min/1.73 m2; p <0.001) and was 

no different in those with eGFR ≥60 mL/min/1.73 m2 (1 [−9 to 12] mL/min/1.73 m2; p = 0.8). 

There was significant effect modification between TIPS status and baseline eGFR (p = 0.001) in a 

model that included all subjects.

Limitations—Outcomes restricted by clinically recorded data; clinically important differences 

may still exist between TIPS and LVP cohorts despite good statistical matching.

Conclusions—TIPS placement was associated with a significant improvement in kidney 

function. This was most prominent in subjects with baseline eGFR <60 mL/min/1.73 m2. 

Prospective studies of TIPS in populations with eGFR <60 mL/min/1.73 m2 are needed to evaluate 

these findings.
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Patients with decompensated cirrhosis and refractory ascites suffer from high morbidity and 

mortality.1–3 Treatment is challenging, as medical therapy with diuretic agents often does 

not prevent ascites formation.1, 4 Many of these patients require serial large-volume 

paracentesis (LVP) or placement of a transjugular intrahepatic portosystemic shunt (TIPS) as 

part of their management. Given the heterogeneity in clinical response to TIPS seen in 

randomized trials, there is often a reluctance to deploy it as first-line therapy for refractory 

ascites.1, 5–13

The pathophysiology of refractory ascites can offer insight to which patients may benefit 

most from TIPS placement. Cirrhosis is characterized by portal hypertension and splanchnic 

vasodilation, which leads to a complicated cascade of pathophysiologic changes, including 

decreased effective circulating volume/intravascular volume depletion, decreased kidney 

perfusion, activation of systemic neurohumoral responses, and ultimately a downstream 

effect of sodium and water retention.14–16 Placements of a TIPS reverses many of these 

changes by redirecting portal venous blood flow back into the systemic circulation, thereby 

improving effective circulating volume and alleviating the hormonal cascade responsible for 

ascites formation.1, 17–21 Hepatorenal syndrome is an example of the extreme of this 

pathophysiology, where the hemodynamic alterations from portal hypertension lead to 

kidney injury that exceeds the Acute Kidney Injury Network (AKIN) threshold of a serum 

creatinine increase of ≥0.3 mg/dL.4, 16, 22–24 However, all patients with refractory ascites 

may have some degree of reduced kidney function even if they do not meet criteria for 
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hepatorenal syndrome, as small studies have shown improvements in serum creatinine/

estimated glomerular filtration rate (eGFR), renin/aldosterone levels, and urine sodium 

excretion immediately following TIPS placement for refractory ascites.7, 14, 17–21, 25–35

Given the potential link between TIPS placement and kidney function, we sought to better 

describe the effect of TIPS placement on eGFR. We hypothesized that those with lower 

baseline eGFR would have greater improvement in kidney function after TIPS placement, 

given their advanced pathophysiology related to portal hypertension. Despite decreased 

kidney function leading to a higher Model for End-Stage Liver Disease (MELD) score,36 we 

believe this improvement in kidney function will help offset the higher expected mortality in 

this subgroup.

Methods

Patient Population and Data Collection

We performed a retrospective cohort study of all patients who had a first-time TIPS 

successfully placed for refractory ascites from 1995 through 2014 at two tertiary care centers 

(Massachusetts General Hospital and Brigham and Women’s Hospital). Data were identified 

using the Partners Healthcare Research Patient Data Registry, a centralized clinical data 

warehouse designed for research and quality improvement purposes.37, 38 The TIPS 

recipients were identified using the ICD-9-CM code “39.1 – intra-abdominal venous shunt” 

as well as review of the TIPS procedure census from Massachusetts General Hospital. Two 

authors (A.S.A., G.O.) manually identified all TIPS recipients to confirm the ICD-9-CM 

code corresponded to a new TIPS placement and the indication of refractory ascites was 

consistent with guideline definitions.3 Fifty subjects underwent a complete chart review to 

confirm accuracy of the electronic data registry.

Matched Comparison Group

A comparison cohort of subjects with cirrhosis and refractory ascites (without a history of 

TIPS placement) who had at least two LVPs in a 90-day period was identified via the data 

registry using the CPT codes for abdominal paracentesis (49082 and 49083). Paracentesis 

volume and diuretic dosing were determined by treating clinicians. Albumin was used for 

volume repletion after paracentesis per local standard of care.3 Using a frequency-matching 

algorithm, these patients were matched in a 1:1 ratio to the cohort of TIPS recipients by 

MELD score (grouped as ≤6, 7–12, 13–18, 19–24, and ≥25, with higher score indicating 

higher predicted 3-month mortality). As there was no reference date analogous to the date of 

TIPS placement in this cohort, multiple potential 90-day periods existed for each subject. 

After examination of this distribution, the 90-day period with the most LVPs was selected 

for each subject in order to best compare to the TIPS cohort.

Definition of Outcomes

The primary outcome in this study was change in eGFR over 90 days (calculated using the 

CKD-EPI [Chronic Kidney Disease Epidemiology Collaboration] creatinine equation).39 In 

the TIPS cohort, eGFR was obtained at four time points over a span of 180 days: within 72 

hours pre- and post-TIPS placement, the closest value to 90 days pre-TIPS (mean, 23 ± 21 
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[standard deviation] days from target) and the closest value to 90 days post-TIPS (22 ±21 

days from target). In the LVP cohort, eGFR was obtained closest to three time points 

separated by 90 days: day 0 (day of the first LVP in the study; 3 ±9 days from target), day 90 

(13 ±23 days from target), and day 180 (14 ±24 days from target). Values were not included 

if they were more than 90 days from the target follow-up date. Only one value was captured 

at each time point to avoid frequency of testing bias, as sicker subjects were likely to have 

more eGFR values measured around each time point. Subjects who were dialysis dependent 

prior to TIPS (or day 0 in the LVP group) were excluded from analysis of eGFR. The 

secondary outcome in this study was death at 90 days. Those subjects who did not have a 

confirmed vital status at 90 days were excluded from this analysis. Demographics presented 

in Table 1 were recorded at the time of TIPS placement (or day 0 of follow-up for the LVP 

cohort). Baseline eGFR was measured immediately before TIPS placement (or closest to day 

0 of follow-up for the LVP cohort).

Statistical Analysis

An eGFR of 60 mL/min/1.73 m2 was chosen as a clinically important cut-point for 

stratification given its relevance in CKD staging.40 Analysis of the primary outcome (change 

in eGFR over 90 days between TIPS and LVP cohorts) was performed using a multivariable 

linear regression model stratified by eGFR and adjusted for age, etiology of cirrhosis, and 

baseline eGFR. Analysis of the secondary outcome (death by 90 days) was performed using 

a multivariable logistic regression model, stratified by eGFR and adjusted for age and 

baseline eGFR at the time of TIPS (or first LVP). Effect modification between TIPS 

placement status and baseline eGFR was assessed in both models for the entire cohort. 

Sensitivity analyses of the primary outcome were performed by (1) liver transplant listing 

status, (2) for those with an eGFR available at all time points, and (3) using a maximum-

likelihood, mixed-effects repeated-measures model for change in eGFR across all time 

points in both cohorts. All model assumptions were checked and given a normal distribution, 

and parametric testing was used for all univariate and multivariable analysis. Continuous 

variables were presented as means ± standard deviation and regression models were 

presented with 95% confidence intervals (CIs). Descriptive tables were stratified by baseline 

eGFR and analyzed using Student’s t-tests and Chi square tests. SAS version 9.4 (SAS 

Institute Inc, Cary, NC) was used for all analyses. Two-tailed p values <0.05 were 

considered statistically significant.

Ethics Statement

The Partners Institutional Review Board approved this study (protocol number 

2015P000357). All procedures and practices abide by the guidelines set forth by the 

Declaration of Helsinki. The need for informed consent was waived for this study.

Results

General Demographics and Subject Characteristics

As shown in Table 1 and Figure 1, two hundred seventy six subjects were used in the final 

analysis. There were ninety-three TIPS subjects and 62 serial LVP subjects with a baseline 

eGFR <60 mL/min/1.73 m2, leaving 45 TIPS subjects and 76 serial LVP subjects with an 
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eGFR ≥60 mL/min/1.73 m2 (Table 2). In stratified analysis, MELD score was similar in 

TIPS and LVP cohorts for both strata: mean values of 20 ±8 vs. 20 ±8 [p = 0.6] for eGFR 

<60 mL/min/1.73 m2 and 12 ±5 vs. 13 ±6 [p = 0.5] for eGFR ≥60 mL/min/1.73 m2. An 

exact number of paracenteses in the 90 days prior to TIPS was reported in 107 of 138 (78%) 

of the TIPS cohort, and was similar to the number reported in a 90-day period in the LVP 

group for both strata (means of 6.3 ±4.6 vs. 5.7 ±3.8 [p = 0.5] for eGFR <60 mL/min/1.73 

m2 and 4.9 ±2.9 vs. 4.9 ±3.6 [p = 0.9] for eGFR ≥60 mL/min/1.73 m2). Six subjects (4%) 

were dialysis-dependent before TIPS, while 19 subjects were dialysis dependent at day 0 of 

follow up in the LVP cohort (p = 0.01).

Trends in eGFR Over Time (Unadjusted Analysis)

Among TIPS recipients who were not dialysis dependent at the time of TIPS placement, 106 

of 132 (80%) had an eGFR determined 90 days prior to TIPS placement and 80 of132 (61%) 

had an eGFR determined 90 days after TIPS placement. All 132 had an eGFR determined 

immediately pre- and post-TIPS. Among the non–dialysis-dependent subjects in the LVP 

cohort, 85 of 116 (73%) had an eGFR determined 90 days after the reference LVP date, and 

69 of 116 (59%) had an eGFR determined 180 days after the reference LVP date.

Unadjusted change in eGFR over time is presented in Figure 2 for the TIPS and LVP 

cohorts. For all subjects receiving TIPS, eGFR declined significantly from 90 days prior to 

TIPS to immediately pre-TIPS, decreasing from a mean of 63 ±28 to 53 ±27 mL/min/1.73 

m2 (p < 0.001). The eGFR then improved immediately post-TIPS placement to 64 ±30 

mL/min/1.73 m2 (p <0.001) and continued to increase to 75 ±28 mL/min/1.73 m2 90 days 

after TIPS placement (p <0.001). Serum creatinine followed the same statistical trend, in an 

inverse course.

In contrast, for all subjects in the serial LVP cohort, eGFR did not change significantly from 

day 0 to day 90 of follow-up (72 ±33 to 66 ±31 mL/min/1.73 m2; p = 0.4) or in an additional 

follow-up period from day 90 to day 180 (66 ±31 to 68 ±31 mL/min/1.73 m2; p = 0.5). 

There was no significant change in serum creatinine during this period.

In a sensitivity analysis, 131 subjects who had eGFR determined at all time points (TIPS, 

n=66; serial LVP, n=65) were analyzed. Results were similar to those in the primary 

analysis. Another sensitivity analysis using a maximum-likelihood, mixed-effects repeated-

measures model showed a significant change in eGFR over time (p <0.001), a significant 

interaction between TIPS placement and time (p <0.001), and no significant between-subject 

effect of TIPS placement (p = 0.2).

Change in eGFR After 90 Days (Adjusted Analysis)

In stratified multivariable linear regression, after adjusting for age, baseline eGFR, and 

etiology of cirrhosis, those with a baseline eGFR <60 mL/min/1.73 m2 had a significant 

improvement in eGFR after TIPS compared to treatment with serial LVP (21 [95% CI, 13–

29] mL/min/1.73 m2; p <0.001). There was no significant difference in eGFR change after 

90 days for those with baseline eGFR ≥60 mL/min/1.73 m2 (1 [95% CI, −9 to 12] mL/min/

1.73 m2; p = 0.8; Table 3). There was significant effect modification between TIPS status 

and baseline eGFR (p = 0.001) across the entire cohort. There was no difference in these 
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results in a sensitivity analysis of those listed for liver transplant or those not listed for liver 

transplant.

Death by 90 Days

Of all 276 subjects, 271 (98%) had a confirmed vital status at 90 days’ follow-up. Across all 

subjects with a confirmed vital status in the TIPS cohort, 40 of 133 (30%) died by 90 days 

after TIPS placement. Raw survival percentages for the entire cohort and stratified by 

baseline eGFR are presented in Table 4. In stratified multivariable logistic regression, after 

adjusting for age and eGFR, those treated with TIPS with a baseline eGFR <60 mL/min/1.73 

m2 had a similar risk of death compared to treatment with serial LVP (odds ratio [OR], 1.30; 

95% CI, 0.62–2.72; p = 0.5). Those treated with TIPS with a baseline eGFR ≥60 mL/min/

1.73 m2 also had a similar risk of death compared to treatment with serial LVP (OR, 0.56; 

95% CI, 0.22–1.40; p = 0.2; Table S1, available as online supplementary material). There 

was significant effect modification between TIPS status and baseline eGFR (p = 0.01) across 

the entire cohort. There was no difference in these results in a sensitivity analysis of those 

listed for liver transplant or those not listed for liver transplant.

Procedural Characteristics of TIPS Placement

All TIPS were placed endovascularly under fluoroscopic guidance by interventional 

radiologists. Mean portosystemic gradient decreased from 17 ±5 mmHg before TIPS to 7 ±3 

mmHg after TIPS (p <0.001). Volume of intravenous contrast used was reported in 79 of 138 

(57%) of TIPS procedures, and the mean was 138 ±80 mL. Sixty four percent of 

endoprostheses used were covered stents (Viatorr®, Gore Medical) and 36% were uncovered 

stents (Wallstent™, Boston Scientific). Ninety one percent of stents were 10 mm in 

diameter.

Other Outcomes at 90 Days

Among all subjects, 50 of 138 (36%) in the TIPS cohort and 19 of 138 (14%) in the LVP 

cohort went on to receive a liver transplant. After adjusting for age and eGFR, TIPS 

placement was associated with 3.51 (95% CI, 1.89–6.52) times higher odds of receiving a 

liver transplant compared to treatment with serial LVP (p <0.001). A conceptual diagram of 

raw 90-day outcomes, including death, rates of liver transplantation, and change in eGFR is 

presented in Figure 3. Among those with available data, in the TIPS cohort, mean follow-up 

MELD score at 90 days was 16 ±6 and mean total bilirubin was 4.0 ±5.7 mg/dL. In the LVP 

cohort, mean follow-up MELD score at 90 days was 16 ±9 and mean total bilirubin was 3.9 

±6 mg/dL. After adjusting for age, baseline eGFR, and etiology of cirrhosis, there was no 

difference between TIPS vs. LVP cohorts in change in serum sodium (−0.6 [95% CI, −2.2 to 

1.1] mmol/L; p = 0.5), change in mean arterial pressure (−2 [95% CI, −7 to 3] mmHg; p = 

0.4), change in furosemide dose (15 [95% CI, −3 to 32] mg/day; p = 0.1), or change in 

spironolactone dose (16 [95% CI, −10 to 42] mg/day; p = 0.2). Among 81 TIPS recipients 

with available data, the mean number of LVPs decreased from 5.5 ±3.9 in the 90 days before 

TIPS to 0.9 ±1.4 in the 90 days after TIPS (p <0.001). There was no significant correlation 

between change in eGFR and post-TIPS reduction of the portosystemic gradient (r = −0.10; 

p = 0.4) or degree of pre-TIPS portal hypertension (r = −0.19; p = 0.1).
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Adverse Events Following TIPS Placement

Adverse events are reported in Table 4, including post-TIPS hepatic encephalopathy, need 

for renal replacement therapy, need for TIPS revision, and contrast nephropathy.

Discussion

Because of its potential to reverse the pathophysiologic changes of portal hypertension, TIPS 

has important treatment implications in patients with refractory ascites. To our knowledge, 

this is the largest study examining kidney function in TIPS recipients compared to treatment 

with serial LVP. We show that in multivariable analysis, TIPS placement for refractory 

ascites is associated with a greater improvement in eGFR compared to treatment with serial 

LVP, with significant effect modification between TIPS placement and baseline eGFR. This 

was highlighted in stratified analysis among those with a baseline eGFR <60 mL/min/1.73 

m2.

We are aware of five randomized controlled studies that have previously compared TIPS 

placement to serial LVP in the treatment for refractory ascites.5–8, 13 These trials were 

designed to look at difference in mortality between the two treatments. They are small 

(ranging from 257 to 109 subjects8) and were all performed before the advent of covered 

TIPS stents, which may affect TIPS outcomes.41 Unfortunately, they have been not been 

consistent in their results: two showed a survival benefit with TIPS,5, 13 two show no 

difference in survival,6, 8 and one showed a survival benefit with serial LVP.7 Overall, meta-

analyses of these trials have not shown a consistent survival benefit for either 

treatment.9–12, 42 However, a careful look at trends in eGFR may offer insight into which 

patients might benefit from TIPS, as kidney function is closely tied to mortality and is a key 

component of prognostic scores in cirrhosis.36, 43–47 Placement of TIPS has been associated 

with improvement in kidney function in small studies.17, 26, 27, 29, 30, 32, 48, 49 We were able 

to confirm and elaborate on this phenomenon using multivariable analysis. Analysis of 

eGFR before and after TIPS highlighted an interesting trend: eGFR declined significantly in 

the 90 days leading up to TIPS placement, followed by improvement in eGFR after TIPS. 

This clinical pattern highlights two important points. First, TIPS placement has the potential 

to reverse the decline in kidney function in this population. Second, there may be a practice 

preference among some hepatologists to refer patients for TIPS when a decline in eGFR 

limits treatment with serial LVP and diuretics. As such, diuretic doses were higher overall in 

the TIPS cohort, which may have also influenced eGFR in this group.

Overall, our study was not intended to advocate for or against TIPS placement for refractory 

ascites, but rather to make the important observation that TIPS has the potential to reverse 

the pathophysiology of portal hypertension that contributes to decreased kidney function. 

While this potential seems greatest for those with low baseline eGFR (for example, in those 

with hepatorenal syndrome), TIPS must be employed cautiously in this population, as these 

patients have high overall morbidity and may be prone to suffer adverse effects of TIPS 

placement. Only one prior non-randomized study has examined TIPS placement in those 

with low eGFR, and had promising results in 31 subjects.30 Our data supports further 

prospective study of TIPS in those with low eGFR.
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While kidney function is important, we must consider overall mortality when assessing the 

role of TIPS for refractory ascites. In stratified analysis, there was a trend towards increased 

mortality in the TIPS cohort, and there was significant effect modification between TIPS 

status and baseline eGFR for this outcome. Even though the TIPS and LVP cohorts appeared 

statistically well matched, this was not a randomized trial, and thus subjects referred to TIPS 

may not have been drawn from the same population as those who were treated with serial 

LVP. It may be that relative improvement in those with lower baseline eGFR after TIPS may 

influence survival in this population. The two randomized trials that showed a survival 

benefit after TIPS showed a significant improvement in eGFR in the TIPS arm5 or a 

significant decline in eGFR in the LVP arm.13 The presence of effect modification between 

eGFR and TIPS placement further suggests that there is an important interaction involving 

baseline kidney function in the TIPS population that requires additional investigation.

Other outcomes after TIPS placement are important to consider, such as post-TIPS hepatic 

encephalopathy. Our post-TIPS encephalopathy rate of 36% is consistent with the existing 

literature.5–8, 13, 50 The TIPS patency rate was 90%, which is consistent with prior trials.1 

Rates of liver transplantation were higher in those who received TIPS compared to those 

treated with serial LVP, which is consistent with a recent analysis of the UNOS liver 

transplant waitlist.51 Sensitivity analyses of liver transplant candidates in our study showed 

similar results to the entire cohort, suggesting that changes in eGFR were independent of 

transplant listing status.

There are advantages and disadvantages to the matching algorithm used in this study. 

Matching by MELD score provided a large, statistically similar group of subjects with 

ascites who were treated with serial LVP. In the absence of a randomization, prospective 

design, we believe this is an efficient and valid approximation for a retrospective study of 

this kind. However, as mentioned above, there may be clinical characteristics that are not 

fully captured by this statistical matching process, including practice patterns by treating 

clinicians, so it is likely not all subjects in the LVP cohort would have been considered for 

TIPS placement.

There are limitations that affect how this study should be interpreted. This is a retrospective 

study in which all significant findings should be viewed as associations that require 

prospective verification. Analysis was restricted to subjects with clinically available data, 

and as such, the sample size of the primary analysis was limited to those who had eGFR 

measured in follow-up. However, we were reassured that in those with data at all time 

points, results of the primary and secondary analyses were similar to the entire cohort, and a 

maximum-likelihood, mixed-effects repeated-measures model confirmed a significant 

interaction for change in eGFR with TIPS placement and time when analyzing all data 

points. Parameters such as urine sodium, urine protein, bladder pressure, and serum renin 

and aldosterone levels were not routinely available in this population, which would have 

helped to add insight into the causative mechanisms behind improved kidney function after 

TIPS. While there are limitations of creatininebased eGFR formulas in cirrhosis,52 multiple 

studies have shown that small changes in creatinine (using the AKIN threshold of ≥0.3 

mg/dL) can predict survival, and are therefore meaningful.53 Stratified multivariable 

analysis, while providing clinically interpretable results, may have come at the expense of 
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decreased power to detect significant outcomes, especially in models of death at 90 days. 

Overall, we believe this large cohort study furthers our understanding of change in eGFR 

after TIPS.

In conclusion, TIPS placement was associated with improvement in kidney function 

compared to treatment with serial LVP. This was most prominent in subjects with baseline 

eGFR <60 mL/min/1.73 m2. Prospective studies of TIPS in populations with eGFR <60 

mL/min/1.73 m2 are needed to further evaluate these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow diagram of subject selection
Key: ICD-9 (Internal Classification of Diseases, Ninth Revision), TIPS (transjugular 

intrahepatic portosystemic shunt), LVP (large-volume paracentesis).
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Figure 2. Unadjusted change in glomerular filtration rate over time in TIPS (left) and LVP 
(right) cohorts
Key: eGFR (estimated glomerular filtration rate), TIPS (transjugular intrahepatic 

portosystemic shunt), LVP (large-volume paracentesis).

* P <0.001.

P >0.4 for all comparisons in right panel
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Figure 3. Summary of raw outcomes at 90 days. eGFR was stable if the absolute change was ≤5 
mL/min/1.73 m2

Those requiring renal replacement during the follow-up period were included in the 

decreased eGFR group. Results are reported for all subjects (top panels), and stratified by 

baseline low eGFR (middle panels) or normal baseline eGFR (bottom panels). Key: eGFR 

(estimated glomerular filtration rate), TIPS (transjugular intrahepatic portosystemic shunt), 

LVP (large-volume paracentesis).

Multivariable models comparing TIPS vs serial LVP to predict death by 90 d, stratified by 

baseline eGFR and for all
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Table 1

Demographics and baseline characteristics in TIPS and serial LVP cohorts.

All TIPS LVP P value

(n = 276) (n = 138) (n = 138)

Age (y) 58 (11) 58 (11) 59 (12) 0.4

Female sex 90 (33%) 46 (33%) 33 (32%) 0.8

White race 223 (81%) 117 (85%) 106 (77%) 0.09

Non-Hispanic ethnicity 257 (93%) 130 (94%) 127 (92%) 0.5

Co-morbidities*

  Diabetes mellitus 104 (38%) 49 (36%) 55 (40%) 0.5

  Hypertension 158 (57%) 59 (43%) 99 (72%) <0.001

  Coronary artery disease 62 (23%) 35 (25%) 27 (20%) 0.2

Etiology of cirrhosis 0.07

  NASH 25 (9%) 16 (12%) 9 (7%)

  Alcohol 77 (28%) 42 (30%) 35 (25%)

  HCV infection 60 (22%) 28 (20%) 32 (23%)

  Mixed etiology 36 (13%) 22 (16%) 14 (10%)

  Other 78 (28%) 30 (22%) 48 (35%)

Listed for liver transplant 103 (38%) 53 (40%) 50 (37%) 0.6

MELD score 17 (8) 17 (8) 16 (8) 0.2

No. paracenteses, per 90 d** 5.5 (3.9) 5.7 (4.1) 5.3 (3.7) 0.3

Prior history of encephalopathy*** 125 (47%) 56 (43%) 69 (50%) 0.3

Mean arterial pressure (mmHg) 81 (13) 79 (11) 82 (15) 0.06

On furosemide**** 199 (76%) 102 (82%) 97 (70%) 0.03

  Furosemide dose***** (mg/d) 56 (32) 70 (62) 43 (52) <0.001

On spironolactone****** 169 (65%) 94 (76%) 75 (54%) <0.001

  Spironolactone dose (mg/d) 80 (90) 104 (100) 59 (74) <0.001

Laboratory data

  Sodium (mmol/L) 134 (5) 134 (5) 134 (5) 0.9

  SUN, mg/dL 31 (22) 35 (22) 28 (21) 0.01

  Creatinine (mg/dL) 1.7 (1.3) 1.7 (1.0) 1.6 (1.5) 0.6

  Baseline eGFR (mL/min/1.73 m2) 60 (32) 52 (27) 67 (35) <0.001

  AST (U/L) 94 (133) 99 (161) 90 (96) 0.6

  ALT (U/L) 57 (92) 56 (93) 59 (91) 0.8

  Alkaline phosphatase (U/L) 178 (201) 148 (111) 209 (261) 0.01

  Total bilirubin (mg/dL) 4.2 (6.2) 3.4 (5.2) 5.1 (7.0) 0.03

  Albumin (g/dL) 2.8 (0.6) 2.8 (0.6) 2.8 (0.6) 0.8

  International normalized ratio 1.5 (0.4) 1.5 (0.4) 1.5 (0.3) 0.3
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All TIPS LVP P value

(n = 276) (n = 138) (n = 138)

  White blood cells (103/µL) 7.2 (4.3) 6.9 (3.8) 7.4 (4.8) 0.4

  Hemoglobin (g/dL) 10.3 (1.9) 10.1 (1.6) 10.4 (2.1) 0.3

  Platelets (103/µL) 123 (86) 115 (75) 131 (95) 0.1

eGFR (estimated glomerular filtration rate), TIPS (transjugular intrahepatic portosystemic shunt), LVP (large-volume paracentesis), NASH (non-
alcoholic steatohepatitis), MELD (Model for End-Stage Liver Disease), AST (aspartate transferase), ALT (alanine transferase). SUN, serum urea 
nitrogen; HCV hepatitis C virus

Note: Values for categorical variables are given as number (percentage); for continuous variables, as mean ± standard deviation. Baseline values 
were taken immediately before TIPS placement, or closest available to day 0 of follow-up for the LVP cohort. Conversion factors for units: 
bilirubin in mg/dL to µmol/L, ×17.1; creatinine in mg/dL to µmol/L, ×88.4; SUN in mg/dL to mmol/L, ×0.357;

*
Comorbidities were documented by International Classification of Diseases, Ninth Revision, code prior to study enrollment per electronic 

database review.

**
Available for 107/138 subjects in the TIPS cohort and all subjects in the LVP cohort.

***
Available for 268/276 subjects.

****
Available for 263/276 subjects.

*****
Converted to equivalent dose of furosemide if on another loop diuretic

******
Available for 262/276 subjects.
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Table 3

Multivariable model comparing TIPS vs. serial LVP to predict change in eGFR after 90 days, stratified by 

baseline eGFR and for all subjects

Parameter Estimate (95%
CI) P value

Baseline eGFR <60 mL/min/1.73 m2

  TIPS, vs serial LVP as reference 21.27 (13.07 to 29.47) <0.001

  Age, per 1-y older −0.21 [−0.61, 0.20] 0.3

  Baseline eGFR, per 1-mL/min/1.73 m2 greater −0.08 [−0.34, 0.19] 0.6

  Etiology of cirrhosis, vs alcohol as reference

    NASH 6.25 [−10.17, 22.66] 0.5

    HCV infection 11.37 [−0.08, 22.66] 0.05

    Mixed etiology 9.34 [−2.25, 20.92] 0.1

    Other 3.71 [−6.87, 14.30] 0.5

Baseline eGFR ≥60 mL/min/1.73 m2

  TIPS, vs serial LVP as reference 1.37 [−9.48, 12.21] 0.8

  Age, per 1-y older −0.51 [−1.09, 0.06] 0.08

  Baseline eGFR, per 1-mL/min/1.73 m2 greater −0.12 [−0.45, 0.20] 0.5

  Etiology of Cirrhosis, vs alcohol as reference

    NASH 3.38 [−16.65, 23.41] 0.7

    HCV infection 3.66 [−9.95, 17.27]] 0.6

    Mixed etiology 3.05 [−13.48, 19.58] 0.7

    Other −3.68 [−18.62, 11.28] 0.6

All Participants

  TIPS, vs serial LVP as reference 12.71 [6.50, 18.92] <0.001

  Baseline eGFR*, per 1-mL/min/1.73 m2 greater 0.01 [−0.13, 0.14] 0.9

  Interaction Term: eGFR + TIPS −0.33 [−0.53, −0.13] 0.001

  Age, per 1-y older −0.32 [−0.63, 0.00] 0.05

  Etiology of cirrhosis, vs alcohol as reference

    NASH 2.83 [−9.40, 15.06] 0.7

    HCV infection 6.96 [−1.47, 15.39] 0.1

    Mixed etiology 6.13 [−3.26, 15.52] 0.2

    Other 0.04 [−8.22, 8.30] 0.9

*
Baseline eGFR centered at 60 mL/min/1.73 m2 for interaction analysis.

Note: Baseline eGFR was measured immediately before TIPS placement, or closest available to day 0 of follow-up or the LVP cohort. Parameter 

Estimate refers to the expected change in eGFR (in mL/min/1.73 m2) over 90 days, with respect to each predictor, while holding other factors 
constant.

HCV, hepatitis C virus; TIPS (transjugular intrahepatic portosystemic shunt), LVP (large-volume paracentesis), eGFR (estimated glomerular 
filtration rate), CI (confidence interval), NASH (non-alcoholic steatohepatitis)
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Table 4

Unadjusted mortality and adverse events during 90-day follow-up.

Event
TIPS

(n = 138)
LVP

(n = 138) P value

Death by 90 days 40* (30%) 46 (33%) 0.6

Need for renal replacement therapy** 13 (10%) 4 (3%) 0.04

Need for TIPS revision 13 (10%) -- --

Hepatic encephalopathy after TIPS 48 (35%) -- --

Contrast Nephropathy*** 8 (6%) -- --

Note: Unless otherwise indicated, values are given as number (percentage)

TIPS (transjugular intrahepatic portosystemic shunt), LVP (large-volume paracentesis)

*
Excludes 6 subjects who were lost to follow-up at 90 days.

**
Excludes 6 subjects in the TIPS cohort and 19 subjects in the LVP cohort who were dialysis dependent at the start of the follow-up period.

***
Contrast nephropathy was determined by documentation by treating clinicians at the time of TIPS. All cases were seen in those with baseline 

eGFR <60 mL/min/1.73 m2.
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