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Heart failure accounts for approximately 5% of all hospital admissions, and 30–45% of 

patients hospitalized with acute decompensated heart failure (ADHF) die within one year.1 

Existing risk prediction models for ADHF patients are limited by lack of integration of 

right-sided filling pressures, as hemodynamic characterization is not routinely performed 

because of its invasive nature and cost.2,3 Persistently elevated filling pressures or signs and 

symptoms of congestion at discharge are associated with a poor prognosis in patients with 

ADHF.4–6 Recent studies have suggested the use of liver stiffness as a non-invasive 

surrogate marker of central venous pressure to offer additional prognostic information in 

patients hospitalized with ADHF.2,4,7,8 However, the available data are limited by small 

studies. Therefore, the primary objective of this systematic review and meta-analysis was to 

evaluate the association of liver stiffness and cardiovascular outcomes in hospitalized heart 

failure patients.

This systematic review and meta-analysis was performed in accordance with the Preferred 

Reporting Items for Systematic review and Meta-Analyses (PRISMA) guidelines.9 Two 

reviewers (TJS and MSK) independently searched MEDLINE and Scopus databases in 
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February 2018 for all published articles on human studies that included measurement of 

liver stiffness and assessment of all-cause mortality and/or adverse cardiac events. The 

search was conducted combining the following words and Medical Subject Headings terms: 

liver stiffness, liver cirrhosis, liver fibrosis, non-alcoholic fatty liver disease, elasticity 

imaging techniques, elastography and heart failure. Detailed search strategy for each 

database is provided in Table S1 in the Supplementary Material online. Only studies that 

included patients with established heart failure without prior history of chronic liver disease 

were included. Other data sources including bibliographies of relevant articles and 

proceedings of scientific meetings were also searched. No language or time restrictions were 

set. Abstracts and studies published from the same institute in overlapping time frames were 

excluded. Data were abstracted on a standardized collection sheet from the short-listed 

articles, and verified by two reviewers (TJS and MSK). In the case of any discrepancy, a 

third reviewer (SUK) was consulted. Endpoints were defined as reported in the individual 

studies. Adverse cardiac events were defined as either cardiac death or repeat heart failure 

hospitalization. The refined Quality In Prognosis Studies tool was used to assess the risk of 

bias in the included studies.10 When evaluating bias and validity in studies of prognostic 

factors, six important domains are considered: study participation, study attrition, prognostic 

factor measurement, prognostic factor measurement, outcome measurement, study 

confounding, and statistical analysis and reporting. Egger regression test was performed to 

evaluate publication bias. Review Manager (Version 5.5; Cochrane Collaboration, Oxford, 

UK) was used to perform the statistical analyses. Hazard ratios and their 95% confidence 

intervals (CIs) from individual studies were converted to log hazard ratios and corresponding 

standard errors, which were then pooled using a generic invariance weighted random effects 

model. An outcome needed a minimum of two studies to be analyzed and reported in our 

quantitative analysis.

Four studies met criteria and were included in our systematic review.2,4,7,8 The PRISMA 

flowchart (Supplementary Figure S1) summarizes the literature search. Baseline 

characteristics of the included trials are summarized in Table 1. Three studies with available 

data on adverse cardiac outcomes comprising 792 participants hospitalized with ADHF 

(37% female, mean age 71 years) were included in our meta-analysis.2,4,7 The participants 

had a high prevalence of comorbidities: 30% had coronary artery disease, 31% had diabetes 

mellitus, and 49% had hypertension. The median follow-up time was 273 days (range: 153–

464 days). Liver stiffness was assessed by transient elastography in two studies2,4 and by 

liver fibrosis scores (LFSs) (non-alcoholic fatty liver disease fibrosis score) in one study.7 

Transient elastography utilizes ultrasonography to estimate liver stiffness whereas LFS 

utilizes a combination of liver function tests to quantify liver stiffness.2,7 The studies overall 

had low risk of bias (Supplementary Table S2). No evidence of publication bias was found 

(p=0.07). Our pooled analysis shows that increased liver stiffness was associated with higher 

risk of adverse cardiac events (hazard ratio=1.15, 95% CI=1.04–1.28, p=0.006, I2=60%) 

(Figure 1).

This meta-analysis suggests that liver stiffness may be a novel, independent prognostic 

marker of cardiovascular outcomes in patients hospitalized with ADHF when assessed in the 

absence of liver disease. Increased liver stiffness may reflect residual congestion secondary 

to volume and pressure overload and/or inadequate liver perfusion with low cardiac output in 
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patients hospitalized with ADHF.4 The use of liver stiffness may be especially helpful in 

situations when hemodynamic status is unable to be readily assessed at the bedside on 

physical examination, as the assessment of liver stiffness by transient elastography or LFS is 

rapid, simple, and objective. Further study is required to determine whether serial 

measurements to detect change in liver stiffness may be useful to guide treatment of volume 

status in ADHF and thereby improve outcomes.2

This meta-analysis has several limitations. First, the systematic search yielded mostly small 

observational studies that are unable to fully account for confounding factors. Second, our 

findings were subject to considerable heterogeneity. Third, all the studies were from Japan in 

a homogenous population and thus generalizability may be limited. In conclusion, increased 

liver stiffness is associated with poor cardiovascular outcomes in hospitalized heart failure 

patients and may serve as a promising tool in ADHF patients to identify those at high-risk 

for adverse outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Forest plot assessing the association between liver stiffness and adverse cardiac events.

CI: confidence interval; IV: inverse variance.
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