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Abstract

Background: Transjugular intrahepatic portosystemic shunt (TIPS) 
is a procedure typically utilized to treat refractory ascites and variceal 
bleeding. However, TIPS can lead to significant complications, most 
commonly hepatic encephalopathy (HE). Advanced age has been de-
scribed as a risk factor for HE, as the elderly population tends to have 
decreased cognitive reserve and increased sarcopenia. We conducted 
a systematic review and meta-analysis of the available literature to 
summarize the association between advanced age and risk of adverse 
events after undergoing TIPS.

Methods: A comprehensive search strategy to identify reports of spe-
cific outcomes (HE, 30-day and 90-day mortality, and 30-day read-
mission due to HE) in elderly patients after undergoing TIPS was de-
veloped in Embase (Embase.com, Elsevier). We compared outcomes 
and performed separate data analyses for patients aged < 70 vs. > 70 
years and patients aged < 65 vs. > 65 years.

Results: Six studies with a total of 1,591 patients met our inclusion 
criteria and were included in the final meta-analysis. Three studies 
divided patients by age < 65 vs. > 65 years, with a total of 816 patients 
who were 54% male. The remaining three studies divided patients by 

age < 70 vs. > 70 years, with a total of 775 patients who were 63% 
male. Results demonstrated a significantly lower risk of post-TIPS 
HE (risk ratio (RR): 0.42, confidence interval (CI): 0.185 - 0.953, P 
= 0.03, I2 = 49%), 30-day mortality (RR: 0.37, CI: 0.188 - 0.74, P = 
0.005, I2 = 0%), and 90-day mortality (RR: 0.35, CI: 0.24 - 0.49, P = 
0.001, I2 = 0%) in patients aged > 70 vs. < 70 years, as well as a trend 
towards lower risk of 30-day readmission due to HE. There was no 
significant difference in post-TIPS HE, 30-day or 90-day mortality, 
or 30-day readmission due to HE between patients aged < 65 vs. > 
65 years.

Conclusion: Age > 70 years is associated with significantly higher 
rates of HE and 30-day and 90-day mortality rates in patients after 
undergoing TIPS, as well as a trend towards higher 30-day readmis-
sion due to HE.

Keywords: Transjugular intrahepatic portosystemic shunt; Variceal 
bleeding; Refractory ascites; Mortality; Morbidity; Hepatic encepha-
lopathy; Elderly age

Introduction

Liver cirrhosis (LC) is a complex, dynamic disease that pro-
gresses through various prognostic stages, which are broadly 
classified as compensated or decompensated [1]. In 2017, LC 
was the 11th leading cause of mortality in the United States, 
accounting for 44,478 deaths [2]. Complications including 
variceal bleeding (VB) and ascites indicate the presence of 
decompensated cirrhosis [3]. VB is associated with a 30-day 
mortality of 20% in patients with LC [4].

Hemodynamic stabilization, prophylactic antibiotics, vas-
oactive medications including vasopressin and somatostatin 
analogs, and endoscopic therapy are standard treatments for 
VB [5]. Endoscopic variceal ligation (EVL) and endoscopic 
sclerotherapy (EST) are typically used after resuscitation [6]. 
EVL is generally preferred over EST, as the average number of 
sessions necessary to achieve variceal obliteration in patients 
undergoing EVL is 3.6 compared to 5.4 in those undergoing 
EST. Overall, EVL has a lower rate of adverse effects than 
EST, including esophageal laceration or perforation, transient 

Manuscript submitted September 29, 2022, accepted November 10, 2022
Published online December 1, 2022

aDepartment of Internal Medicine, University of Toledo, Toledo, OH, USA
bDepartment of Internal Medicine, Loyola Medicine/MacNeal Hospital, Chi-
cago, IL, USA
cDow University of Health Sciences, Karachi, Pakistan
dDivision of Gastroenterology and Hepatology, University of Toledo, Toledo, 
OH, USA
eDivision of Gastroenterology and Hepatology, Geisinger Medical Center, 
Danville, PA, USA
fDivision of Internal Medicine, Yale-New Haven Hospital, New Haven, CT, USA
gUniversity of Toledo Libraries, University of Toledo, Toledo, OH, USA
hUniversity of Toledo College of Medicine and Life Sciences, Toledo, OH, USA
iDepartment of Medicine and Surgery at the David Geffen School of Medicine 
at UCLA (University of California Los Angeles), Los Angeles, CA, USA
jCorresponding Author: Zohaib Ahmed, Department of Internal Medicine, 
University of Toledo, Toledo, Oh, USA. Email: Zohaib.ahmed@utoledo.edu

doi: https://doi.org/10.14740/gr1571

https://crossmark.crossref.org/dialog/?doi=10.14740/gr1571&domain=pdf&date_stamp=2022-11-21


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org326

TIPS Outcomes in Elderly Population  Gastroenterol Res. 2022;15(6):325-333

dysphagia, retrosternal pain, and esophageal strictures [7, 
8]. Gastric fundal varices are primarily treated with glue or 
thrombin injections [9]. Advances in medical and endoscopic 
treatment have lowered mortality in patients with VB from ap-
proximately 50% in the 1980s to 20% in the early 2000s [10]. 
Medical treatment for ascites includes salt restriction, diuret-
ics, and therapeutic paracentesis [11]. Definitive long-term 
treatment of refractory ascites and VB usually involves liver 
transplantation or TIPS creation [12]. Refractory VB refers to 
active bleeding nonresponsive to pharmacological or endo-
scopic therapy [13]. Refractory ascites describes ascites that 
fails to resolve with therapeutic paracentesis combined with 
sodium restriction and diuretic therapy [14].

TIPS is typically utilized for treatment of refractory VB or 
refractory ascites [15], and it reduces the portal pressure gradi-
ent by more than 50% in most patients. Stent diameter deter-
mines the amount decrease in portal pressure [16, 17]. TIPS is 
a relatively effective, safer, and less invasive option than liver 
transplant in high-risk patient groups [18-20]. However, TIPS 
can lead to significant complications, most commonly hepatic 
encephalopathy (HE). HE develops in 5-35% of patients fol-
lowing TIPS creation [21, 22]. Advanced age has been de-
scribed as a risk factor for HE, as the elderly population tends 
to have decreased cognitive reserve and increased sarcopenia 
[23]. Prior single-center studies have also reported that age is 
associated with negative outcomes after TIPS, including mor-
bidity, mortality, and overall survival [24-26]. Therefore, we 
conducted a systematic review and meta-analysis of the avail-
able literature to summarize the association between advanced 
age and risk of adverse events after undergoing TIPS.

Materials and Methods

Systematic review

A comprehensive search strategy to identify reports of three spe-
cific outcomes (HE, 30- and 90-day mortality, and readmission 
due to HE) in elderly patients after undergoing TIPS was de-
veloped in Embase (Embase.com, Elsevier) by an experienced 
health sciences librarian (WLS) using truncated keywords, 
phrases, and subject headings. This strategy was translated to 
MEDLINE (PubMed platform, NCBI), Cochrane Central Reg-
ister of Controlled Trials (CochraneLibrary.com, Wiley), and 
the Web of Science Core Collection (Web of Science platform, 
Clarivate) with all searches performed from January 1960 till 
25 January 2022 (Supplementary Material 1, www.gastrores.
org). No publication date or language limits were used. Results 
were uploaded to the citation management software EndNote 
20 (Clarivate, Philadelphia, PA, USA), and duplicates were 
removed by EndNote algorithms and manual inspection. No 
human or animal subjects were utilized in this study and meta-
analysis. Institutional Review Board approval was not required.

Inclusion/exclusion criteria

We employed the following criteria for study inclusion: 1) pa-

tients with a history of liver cirrhosis who underwent TIPS; 2) 
studies reporting adverse events in patients aged < 65 vs. > 65 
and < 70 vs. > 70; and 3) studies reporting outcomes includ-
ing overall 30-day and 90-day mortality, post-TIPS hepatic en-
cephalopathy, and 30-day all-cause readmission. All available 
retrospective and prospective studies that reported the above 
outcomes were included. We excluded all other study designs, 
including case reports, review articles, case series, and editor 
letters.

Screening and data collection

Studies were screened by two independent reviewers (ZA and 
AN). Titles and abstracts were used for the initial screening, 
then complete texts of pertinent publications were examined. 
Next, the data were extracted by two reviewers (ZA and AN). 
Discrepancies in study selection and data extraction were set-
tled by mutual conversation. Finally, data on demographics 
(age and sex), procedure indications, Model for End-Stage 
Liver Disease (MELD) and Child-Pugh scores, and outcomes 
were collected and summarized using Microsoft Excel.

Data synthesis and statistical analysis

The random-effects model and DerSimonian-Laird technique 
were employed as a priori to pool and compare results due to 
the presumption of study heterogeneity. The risk ratios (RRs), 
95% confidence intervals (CIs), and P-values for binary prod-
ucts were calculated. The I2 statistic from the Cochrane hand-
book for systematic reviews was used to gauge the degree 
of study heterogeneity. An I2 of more than 50% was used to 
define significant heterogeneity. For each measured outcome, 
a P-value of ≤ 0.05 was deemed statistically significant. The 
outcomes were calculated using comprehensive meta-analysis 
software, Open Meta Analyst (CEBM, University of Oxford, 
Oxford, United Kingdom).

Bias assessment

The risk of bias within each study was determined by the Meth-
odological Index for Non-Randomized Studies (MINORS) for 
cohort studies [27].

Quality assessment

MINORS was used to assess the quality of the studies (Ta-
ble 1) [28-33]. Non-comparative studies were graded on eight 
MINORS criteria, with each item ranging from 0 to 2 (0 if 
not reported; 1 if reported but inadequate; 2 if reported and 
adequate), and a global score of 16 for non-comparative stud-
ies and 24 for comparative analyses considered ideal. Two 
authors (ZA and UF) independently completed the quality as-
sessment, and discrepancies were handled by a third reviewer 
(AN).
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Results

Six studies with a total of 1,591 patients met our inclusion 
criteria and were included in the final meta-analysis [28-33]. 
Three studies divided patients by age < 65 vs. > 65 years, 
with a total of 816 patients who were 54% male. The remain-
ing three studies divided patients by age < 70 vs. > 70 years, 
with a total of 775 patients who were 63% male. The PRIS-
MA flow diagram (Fig. 1) elaborates our systematic literature 
search process. Baseline characteristics, including patient de-
mographics and indications for TIPS, are reported in Tables 
2 and 3 [28-33]. Publication bias was not assessed due to the 
low number of studies.

Age < 70 vs. > 70 years

Post-TIPS HE

There was a significantly lower risk of post-TIPS HE in pa-
tients aged < 70 vs. > 70 years (RR: 0.42, CI: 0.185 - 0.953, P 
= 0.03, I2 = 49%) (Fig. 2a, Table 4).

The 30-day mortality

There was a significantly lower risk of 30-day mortality in pa-
tients aged < 70 vs. > 70 years (RR: 0.37, CI: 0.188 - 0.74, P = 
0.005, I2 = 0%) (Fig. 2b).

The 90-day mortality

There was a significantly lower risk of 90-day mortality in pa-
tients aged < 70 vs. > 70 years (RR: 0.35, CI: 0.24 - 0.49, P = 
0.001, I2 = 0%) (Fig. 2c).

The 30-day readmission due to HE

There was a non-significant trend towards lower risk of 30-day 
readmission due to HE in patients aged < 70 vs. > 70 years 
(RR: 0.538, CI: 0.269 - 1.078, P = 0.08, I2 = 45%) (Fig. 2d).

Age < 65 vs. > 65 years

Post-TIPS HE

There was no significant difference in post-TIPS HE in pa-
tients aged < 65 vs. > 65 years (RR: 0.923, CI: 0.632 - 1.43, P 
= 0.680, I2 = 34%) (Table 5).

The 30-day mortality

There was no significant difference in 30-day mortality in pa-Ta
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tients aged < 65 vs. > 65 years (RR: 0.87, CI: 0.35 - 2.1, P = 
0.76, I2 = 81%).

The 90-day mortality

There was no significant difference in 90 day-mortality in pa-
tients aged < 65 vs. > 65 years (RR: 0.67, CI: 0.413 - 1.1, P = 
0.115, I2 = 63%).

The 30-day readmission due to HE

There was no significant difference in 30-day readmission due 
to HE in patients aged < 65 vs. > 65 years (RR: 0.907, CI: 0.75 
- 1.095, P = 0.308, I2 = 0%).

Discussion

This is the first systematic review and meta-analysis con-

ducted to summarize the risk of post-TIPS adverse events in 
the elderly. We found that patients aged > 70 years had a sig-
nificantly increased risk of developing post-TIPS HE, as well 
as 30-day and 90-day mortality, compared to those aged < 70 
years. There was a trend towards increased risk of 30-day re-
admission due to HE in patients aged > 70 years compared to 
< 70 years, although this did not reach statistical significance. 
There was no significant difference in risk of post-TIPS ad-
verse events in patients < 65 vs. > 65 years.

Published literature regarding outcomes of TIPS in the el-
derly population is scarce. The pooled results from the analysis 
in our study revealed that 30-day and 90-day mortality was sig-
nificantly higher in patients aged > 70 years. Additionally, dif-
ferent investigators have reached different conclusions about 
the impact of age on post-TIPS outcomes. Syed et al reported 
TIPS was a successful treatment for refractory complications 
of portal hypertension in elderly patients [34]. Adlakha and 
Russo reported a higher 30-day mortality rate in patients aged 
> 70 vs. < 70 years (24% vs. 12%), although the finding did 
not achieve statistical significance (P = 0.19) [32]. Similarly, in 
a retrospective review, Suraweera et al reported trends towards 

Figure 1. PRISMA flow diagram of the literature review process.
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a higher 90-day mortality rate (OR: 3.3, 95% CI: 0.78 - 14.01, 
P = 0.182) and a higher 90-day hospitalization rate (OR: 1.76, 
95% CI: 0.52 - 5.95, P = 0.546) in the elderly aged ≥ 65 years, 
although these also did not reach statistical significance [26]. 
Pan et al found age > 70 years was significantly associated 
with poor survival at 90 days and 1 year after TIPS creation 
(P < 0.05) in their retrospective analysis [24]. Lee et al also 
reported patients aged > 70 years have 1.28 times higher odds 

of in-hospital mortality than their younger counterparts, based 
on data from the National Inpatient Service, which included 
83,884 patients who underwent TIPS creation and were admit-
ted to a United States hospital between 1998 and 2012 [35]. 
In contrast, other studies have shown that the effect of age is 
statistically insignificant when compared to bilirubin and other 
assessments of liver function, such as the Child-Pugh score 
[36, 37]. A retrospective study by Parvinian et al found that 

Figure 2. Forest plot of (a) post-TIPS HE in patients age < 70 vs. > 70, (b) 30-day mortality in patients age < 70 vs. > 70, (c) 90-
day mortality in patients age < 70 vs. > 70, and (d) 30-day readmission rates due to HE in patients age < 70 vs. > 70. HE: hepatic 
encephalopathy; TIPS: transjugular intrahepatic portosystemic shunt.

Table 4.  Results Comparing Outcomes of Patients Aged < 70 vs. > 70 Years

Outcome Relative risk 95% confidence interval P-value I2

Post-TIPS HE 0.42 0.185 - 0.953 0.03 49%
30-day mortality 0.37 0.188 - 0.74 0.005 0%
90-day mortality 0.35 0.24 - 0.49 0.001 0%
30-day readmission due to HE 0.538 0.269 - 1.078 0.08 45%

HE: hepatic encephalopathy; TIPS: transjugular intrahepatic portosystemic shunt.
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age but not MELD score was related to a higher 90-day mor-
tality rate post-TIPS among patients with MELD scores of 18 
- 25; however, this study did not account for comorbidities and 
only included 23 participants aged > 54 years [38]. TIPS is an 
effective alternative to frequent large-volume paracentesis for 
refractory ascites; however, hospital readmission after TIPS 
poses a significant burden on healthcare systems [39, 40]. 
Age represents an independent predictor for 30-day readmis-
sion for patients with liver cirrhosis irrespective of the severity 
of the disease or MELD score [41]. The elderly population is 
at increased risk for HE (a frequent cause of readmission in 
decompensated cirrhosis) regardless of TIPS status, and TIPS 
creation further enhances this risk [34].

A strength of our meta-analysis includes a systematic 
search of all available comparative studies in the current litera-
ture, with well-defined inclusion criteria and careful exclusion 
of redundant studies. However, our meta-analysis has several 
limitations. First, our study is susceptible to selection bias, as 
all the studies included in the final analysis were retrospec-
tive. Second, a few of the studies that met our inclusion criteria 
could not be included in the final analysis due to the unavail-
ability of raw data. Third, the severity grading of encephalopa-
thy was not standardized, nor routinely documented across the 
studies. Only a few studies reported HE using the West Haven 
classification, and HE was more frequently documented as pre-
sent or absent. Fourth, there was inconsistent reporting across 
studies regarding variables including rules for transplant allo-
cation in patients aged > 70 years, stent type (covered or bared, 
new generation-controlled expansion versus old generation), 
and stent graft diameters. Fifth, our study did not control for 
existing comorbidities in patients aged > 70 years, which could 
potentially confound morbidity and mortality outcomes.

The findings of this meta-analysis are important when 
considering the individualized risks and benefits of TIPS, and 
may be useful for providers and patients aged > 70 years when 
discussing treatment options and informed consent for the pro-
cedure. Age may be a helpful prognosticator for post-TIPS ad-
verse events, whose clinical utility may be maximized if used 
in combination with other potential indicators such as biliru-
bin, serum creatinine, and prothrombin time, which have been 
used in calculating the MELD score and predicting the risk 
of post-TIPS mortality [42, 43]. Our results suggest caution 
should be used when considering TIPS in patients > 70 years, 
although the applicability of our study results is limited by the 
factors described above.

In conclusion, age > 70 years is associated with signifi-
cantly higher rates of HE and 30-day and 90-day mortality 
rates, as well as a trend towards higher 30-day readmission 

due to HE, in patients after undergoing TIPS creation. No sig-
nificant differences in adverse event rates were found between 
patients aged < 65 and > 65 years. Advanced age may be use-
ful for clinicians to consider when evaluating individualized 
patient risk of adverse events after TIPS. However, further 
studies investigating age and other risk factors for post-TIPS 
adverse outcomes are warranted.

Supplementary Material

Suppl 1. Full search strategies (all searched performed Janu-
ary 25, 2022).
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