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Use of liver stiffness measurements in acute
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Abstract

Heart failure (HF) is a complex disease associated with multisystem organ failure, recurrent hospital admissions, and increased
mortality. Acute decompensated heart failure (ADHF) increases central venous pressure (CVP) with resultant hepatic conges-
tion, and this relationship has prognostic significance. The gold standard method of measuring CVP, right heart catheterization,
is invasive and costly, prompting further investigation into more accurate non-invasive assessments in HF patients, including
liver elastography. Liver elastography relies on imaging techniques to assess liver stiffness measurements (LSM), with high
values equating to increased stiffness. While this was developed to assess fibrosis in liver disease, LSM also reflect increased
CVP and hepatic congestion. Multiple studies involving ADHF patients, find that increased LSM are independently predictive of
increased cardiac events, all-cause mortality, and worse post-operative outcome after both acute HF exacerbation and left
ventricular assist device (LVAD) placement. In this review, we discuss the role of LSM as a surrogate for CVP and their appli-
cations in determining prognosis in both the ADHF and LVAD populations.
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Introduction ADHF patients, find that increased LSM are independently
predictive of increased cardiac events, all-cause mortality,

Heart failure (HF) is a complex disease associated with multi- and worse post-operative outcome after both acute HF exac-

system organ failure, recurrent hospital admissions, and in- erbation and left ventricular assist device (LVAD)

creased mortality. Acute decompensated heart failure (ADHF)  placement.*®™? In this review, we discuss the role of LSM

increases central venous pressure (CVP) with resultant he- as a surrogate for CVP and their applications in determining

patic congestion, and this relationship has prognostic prognosis in both the ADHF and LVAD populations.

significance.* The gold standard method of measuring CVP,

right heart catheterization (RHC), is invasive and costly,

prompting further investigation into more accurate . .

non-invasive assessments in HF patients, including liver elas- Pathophysmlogy of congeStlve

tography. Liver elastography relies on imaging techniques to hepatopathy and liver stiffness

assess liver stiffness measurements (LSM), with high values

equating to increased stiffness.” While this was developed Congestive hepatopathy (CH) is the result of chronic passive

to assess fibrosis in liver disease, LSM also reflect increased  venous congestion as CVP elevation in right-sided HF (RHF)

CVP and hepatic congestion.>”” Multiple studies involving s transmitted to the hepatic (central) veins of the liver. This
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gives rise to pre-sinusoidal dilation, decreased hepatic artery
blood flow, and decreased arterial oxygen saturation, which
can ultimately result in irreversible congestive liver fibrosis
and cardiac cirrhosis.> While CH is reversible with treatment
of HF, baseline liver dysfunction has been associated with in-
creased morbidity and mortality in HF patients, generally
portending a poor prognosis.*>**

Histologically, CH is characterized by dilation of the lobular
hepatic veins and hepatic sinusoids, perisinusoidal oedema,
acinar steatosis and heterogeneous fibrosis.*> True cardiac
cirrhosis is relatively uncommon due to this heterogeneity,
with many patients failing to demonstrate extensive fibrosis
or regenerative nodule formation.***®

CH is often clinically silent, although patients may experi-
ence right upper quadrant pain from stretching of the liver
capsule, and exhibit a pulsatile liver on physical exam.*? Bili-
rubin and gamma-glutamyl transferase levels may be ele-
vated, particularly in patients with cardiac index
(Cl) < 1.5 L/min/m?, with improvement after decongestion.*®
Ultrasound findings include hepatomegaly, IVC and hepatic
vein dilation with diminished respiratory variation, and retro-
grade portal vein flow with phasic changes.**>*
Cross-sectional CT similarly shows hepatomegaly and venous
dilation, along with reflux of contrast into the IVC and hepatic
veins in the arterial phase, delayed parenchymal enhance-
ment in the venous phase, and, with chronic CH, hepatic ve-
nous shunting.*

As the liver is surrounded by a non-elastic capsule, conges-
tion and fibrosis lead to increased liver stiffness.> Assessing
cardiac cirrhosis in HF patients is difficult, as the histologic
features are disparate and may not correlate with HF severity
or chronicity.’” The Congestive Hepatic Fibrosis Score (CHFS)
was developed for grading patterns of fibrosis on liver biopsy,
ranging from Stage 1 (central zone fibrosis) to Stage 4
(cirrhosis).*® On the validation study, higher stages were asso-
ciated with higher right atrial pressure, which was assumed
to indicate more severe HF.'® However, subsequent studies
using the CHFS reliably found evidence of congestion but
had low interobserver agreement in diagnosing fibrosis.**>*
Previous groups have also attempted to characterize fibrosis
in CH by incorporating non-invasive testing (NIT) validated
for chronic liver diseases, such as Fibrosis-4 score,
FibroTest/FibroSURE, and hyaluronic acid, but the data in car-
diac patients have shown poor correlation between NIT, LSM

and actual liver fibrosis.? This is not surprising, because CH is
a distinct pathophysiologic process in which quantifying fibro-
sis is difficult even on biopsy.?° Translating the results of
non-invasive imaging tests in HF patients is not expected to
yield useful information about fibrosis. However, there seems
to be some correlation to elevated CVP. LSM may therefore
be a better surrogate of hepatic congestion in HF patients.

Non-invasive assessments of liver
stiffness

Several non-invasive imaging modalities for assessing LSM
have been studied for use in liver disease, including
vibration-controlled transient elastography (VCTE), point
shear wave elastography (pSWE, which includes acoustic radi-
ation force impulse (ARFI) elastography and ElastPQ), and
magnetic resonance elastography (MRE). Originally validated
for the assessment of liver fibrosis in cirrhosis, both VCTE and
pSWE use an ultrasound probe to send shear waves through
the liver, and results are correlated with histologic METAVIR
(Meta-analysis of Histological Data in Viral Hepatitis) fibrosis
staging (Table ). In VCTE, the velocity of this wave is con-
verted into kiloPascals (kPa), which correlates to stiffness.
In ARFI, the shear waves are pulsed in a pre-determined ves-
sel-free region of interest (ROI) on ultrasound, and the speed
of displacement is calculated in meters per second (m/s) by
the Virtual Touch software, with increased speed correlating
to increased stiffness.? In contrast to the acoustic pulse used
in ARFI, ElastPQ transmits an electronic voltage pulse to a
transducer, where it is converted into an ultrasonic pressure
wave and sent into the ROI, after which the Doppler frequen-
cies are correlated to liver stiffness.”®> MRE requires place-
ment of an external driver device onto the patient that gen-
erates mechanical shear waves, which are captured with a
modified phase-contrast magnetic resonance sequence to
create quantitative images of liver stiffness, called
‘elastograms’, that depict LSM in kiloPascals.? In the ADHF lit-
erature, VCTE and pSWE have been most commonly used,
while MRE has only been evaluated by one group®* and has
been more extensively studied in the congenital heart disease
(CHD) population.?>™%’

Table 1 Comparison of VCTE and ARFI for evaluation of liver fibrosis in patients with hepatitis C2

Stage <F2 Stage >F3 (advanced
Modality Brand (no significant fibrosis)? fibrosis/cirrhosis)? Confounders
VCTE FibroScan <7 kPa >15 kPa Meal intake, obesity, ascites, steatosis, inflammation,
(Echosens) passive congestion, extrahepatic cholestasis
ARFI Siemens <1.34 m/s >2.2 m/s Steatosis, inflammation, passive congestion,

ACUSON 52000

extrahepatic cholestasis

ARFI, acoustic radiation force impulse; VCTE, vibration-controlled transient elastography.

“Fibrosis as described in METAVIR staging guidelines.
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Advantages of VCTE include low cost, point-of-care use in
the clinic and a wealth of validated data as compared with
ARFI; although it is confounded by obesity and ascites due
to lack of direct visualization of the ROL?® Advantages of
pSWE include higher rates of reliable measurements and less
interference by obesity and ascites, as the ROI can be visual-
ized beforehand; although it is hindered by the need for the
Virtual Touch software to be downloaded onto the ultra-
sound machine and review by a radiologist.®® A
meta-analysis comparing VCTE and ARFI in liver disease found
a similar predictive value for fibrosis and cirrhosis, but ARFI
may have higher rates of reliable measurements.>® However,
no head-to-head comparisons have been done in the HF pop-
ulation. Further comparison is described in Table 1. Various
conditions confound LSM, including steatosis, hepatitis, and
extrahepatic cholestasis.?%3*

While MRE has not been extensively studied in the ADHF
population, in the non-alcoholic fatty liver disease literature
the larger assessment area of MRE has exposed the heteroge-
neity of liver fibrosis throughout the liver, and this heteroge-
neity would be expected in the ADHF population also.3%33
ARFI visualizes an ROl prior to LSM capture, and while both
ARFI and VCTE use standard anatomic locations for assess-
ment, the validity of an isolated LSM may be misleading in
a liver of heterogenous stiffness given the much smaller as-
sessment area. However, liver biopsy, the gold-standard for fi-
brosis staging, is similarly bound by this limitation.

Liver stiffness measurements have expanded into
assessing the development of fibrosis after the Fontan proce-
dure, in which systemic venous return is diverted to the pul-
monary arterial system and the morphologic right ventricle
assumes responsibility of arterial perfusion, which invariably
leads to congestive heart failure, chronic passive hepatic con-
gestion, and cirrhosis over time.>* Higher LSM may be associ-
ated with unfavourable Fontan haemodynamics and hepatic
fibrosis on liver biopsy and ultrasound.**?%3> However, there
is a paucity of data from large series correlating LSM with the
presence of fibrosis; particularly of advanced stage fibrosis.>*

Lebray et al. noted elevated LSM in a HF patient without
clinical or pathologic evidence of cirrhosis, positing passive
congestion as a confounder of LSM.?®> Millonig et al. was
the first to correlate FibroScan LSM and central venous pres-
sure by clamping the IVC in Landrace pigs, finding a linear

stepwise increase in LSM as intravenous hydrostatic pressure
increased (r = 1, P < 0.01).%° Jalal et al. similarly found a cor-
relation between LSM and CVP in the CHD population.®” This
relationship between elastography and passive congestion
has the focus of LSM as a marker of hepatic congestion in
the setting of HF.

Liver stiffness measurements as a
surrogate marker for central venous
pressure

Multiple studies have demonstrated elastography to be a
non-invasive surrogate for CVP as measured by RHC (Table
2). Yoshitani et al. found a positive relationship using ARFI,
with CVP being an independent predictor for increased LSM
on multivariate analysis.” Nishi et al. and Potthoff et al. both
studied HF patients after LVAD placement using FibroScan
and ARFI, respectively, and also found a linear relationship
between pre-operative CVP and pre-operative LSM.*® Out-
side of the HF population, Jalal et al. also found a correlation
between CVP on RHC and LSM on FibroScan in adult and pae-
diatric patients with congenital heart disease.*’

These studies consistently found RHC and LSM having a
baseline correlation, establishing LSM as a non-invasive tool
to assess hydrostatic pressure. Few studies compared correla-
tions in CVP with other laboratory and echocardiographic indi-
cators of elevated pressure alongside LSM. Taniguchi et al.
found FibroScan had improved sensitivity and accuracy in de-
tecting RAP >10 mmHg as compared with IVC measurements
on echocardiography.® Jalal et al. found LSM to have a better
correlation with CVP than brain natriuretic peptide (BNP).3”

Elastography can demonstrate
decongestion in acute decompensated
heart failure

Inadequate decongestion on discharge for ADHF is associated
with increased morbidity and mortality.%® Nevertheless, many
patients are discharged with residual congestion due to the

Table 2 Correlation between invasively measure central venous pressure and liver stiffness measurements

Sample Measured
Study Modality size (n) Study population Lsm? CVP (mmHg) Correlation (r) P value
Taniguchi et al? FibroScan 31 Decompensated HF 8.5 (5.3-12.0) kPa 9.0 (5.0-12.0) 0.95 <0.001
Nishi et al.* FibroScan 30 LVAD recipients 13.3 = 13.0 kPa 8.8 +6.9 0.515 <0.01
Kashiyama et al.” FibroScan 55 LVAD recipients 12.7 = 13.1 kPa 7.4 +5.0 0.52 <0.01
Potthoff et al.® ARFI 28 LVAD recipients 2.50 = 0.92 m/s 14.0 £ 6.0 0.793 0.001
Yoshitani et al.” ARFI 38 Decompensated HF 2.03 = 0.91 m/s 11.8 54 0.636 0.014

ARFI, acoustic radiation force impulse; CVP, central venous pressure; HF, heart failure; kPa, kilopascals; LSM, liver stiffness measurements;

LVAD, left ventricular assist device; m/s, meters per second.

“Values are expressed as mean = standard deviation or median (interquartile rage).
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lack of an objective measurement of HF.3° Several studies
evaluated BNP as a prognostic factor in HF and showed ben-
efit in BNP-guided HF treatment.*®~*? However, after an acute
exacerbation, BNP normalization does not follow a predict-
able pattern. As RHC is invasive, several studies have turned
to serial LSM to assess decongestion after ADHF.

Various studies have compared admission and discharge
LSM in patients admitted for ADHF (Table 3). All but one of
the six studies found a significant decrease in LSM after diure-
sis. A study that compared LSM in patients with normal car-
diac function, stable left HF (LHF), stable RHF, and ADHF,
found that all HF groups had significantly higher LSM than
controls, with the ADHF group also having significantly higher
LSM than the stable LHF group (median 11.2 vs. 4.7 kPa,
P = 0.01).° Median LSM also correlated significantly with
N-terminal pro B-type natriuretic peptide (NTproBNP), RAP
and right ventricular pressure on echocardiogram.** Alegre
et al. similarly saw significantly higher FibroScan LSM in ADHF
patients as compared with stable biventricular HF patients.*
LSM significantly decreased in the ADHF group after diuresis,
reaching comparable levels to the stable HF groups [median
8.2 (5.1-11.2) kPa vs. median 6.5 (5.0-10.8) kPa)].**

When compared with other non-invasive markers of CH,
LSM more accurately demonstrated decongestion. Yoshitani
et al. compared total bilirubin, AST, ALT, and GGT before
and after diuresis and found no significant change, whereas
body weight, LSM, and BNP all significantly decreased.” While
CVP was shown to be an independent predictor for changes
in LSM, other markers of decongestion (body weight, BNP,
and PCWP) did not correlate with changes in LSM despite sig-
nificant improvement.” Two studies found LSM and
NTproBNP were both significantly reduced after sufficient
diuresis.*® In a cross-sectional study, Hopper et al. demon-
strated that increased LSM correlated with increased biliru-
bin, GGT and alkaline phosphatase in LHF, RHF, and ADHF
groups.** This was also the only study that showed correla-
tion of median LSM and NTproBNP (r = 0.24, P = 0.01), but
failed to show a significant change in LSM after adequate
diuresis.** Together, these data confirm the known clinical
course of CH, in which liver markers vary and are typically un-

Table 3 Changes in liver stiffness measurements after intervention

reliable despite larger shifts in body fvolume, and support
LSM as a superior tool.

The inability to determine accurate reference ranges to as-
sess for adequate decongestion is a major limitation. While
most studies show a significant decrease in LSM after diure-
sis, a standard has not been established, and it is unclear if
residual abnormalities in LSM reflect congestion or underly-
ing fibrosis. As such, there may be discordance between liver
stiffness and congestion in heart failure patients. Changes in
LSM with therapy may be more useful than the absolute
value of any particular measurement, as it is not possible to
distinguish if high values represent congestion or fibrosis. Fu-
ture studies should focus on individualized use of LSM to es-
tablish baseline diuresis goals for each patient prior to safe
discharge.

Liver stiffness measurements as a
prognostic tool in acute
decompensated heart failure

icen et al. found LSM on ElastPQ increased with increasing
NYHA class, supporting elastography’s ability to discern
higher-risk patients.*® Four groups used elastography to pre-
dict prognosis in ADHF, and found LSM to be an independent
predictor for adverse events (Table 4). Saito et al. used
FibroScan to categorize ADHF patients into low LSM
(<8.8 kPa) and high LSM (>8.8 kPa) groups based on the me-
dian LSM on admission, with primary endpoints of death
from cardiovascular disease (CVD) and readmission for HF af-
ter a median follow up of 153 days. In the 40% of patients
with cardiac events (11 CVD deaths and 31 HF readmissions),
the high LSM group had significantly higher rates of compos-
ite events (P = 0.001) and readmission (P = 0.022). High LSM
were the only independent risk factor for cardiac events, and
not echocardiographic and serologic data.®

Omote et al. used ARFI to assess prognosis in patients ad-
mitted for ADHF, segregating patients into low and high LSM
groups. Adverse events were observed more frequently in
the high LSM group compared with the low LSM group.

Study Modality Intervention Sample size (n)®  LSM before intervention®  LSM after intervention® P value
Millonig et al>®  FibroScan  Diuresis 10 40.7 (6.1-51.3) kPa 17.8 (3.3-33.2 kPa) 0.004
Colli et al.* FibroScan  Diuresis 27 8.80 (5.92-11.90) kPa 7.20 (5.2-11.30) kPa 0.003
Hopper et al.**  FibroScan  Diuresis 8 11.2 (6.7-14.3) kPa 9.5 (7.3-21.6) kPa >0.09

Alegre et al®® FibroScan  Diuresis 9 14.7 (8.3-18.8) kPa 8.2 (5.1-11.2) kPa 0.008
Soloveva et al.'®  FibroScan  Diuresis 149 12.2 (6.3-23.6) kPa 8.7 (5.9-14.4) kPa <0.001
Yoshitani et al.” ARFI Diuresis 14 2.37 = 1.09 m/s 1.27 £ 0.33 m/s <0.001
Potthoff et al.® ARFI LVAD placement 23 1.88 (0.92-3.72) m/s 1.43 (0.93-3.67) m/s <0.001

ARFI, acoustic radiation force impulse; kPa, kilopascals; LSM, liver stiffness measurements; LVAD, left ventricular assist device; m/s, meters

per second.

*Sample sizes may differ from Table 2 due to variability in obtaining post-intervention LSM.
*Values are expressed as mean =+ standard deviation or median (interquartile range).
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left-ward shift of the interventricular septum, and altered
haemodynamics worsening tricuspid regurgitation.*” This
typically occurs within 2 weeks of LVAD placement and is as-
sociated with increased ICU needs and overall poor
prognosis.*® No single marker or risk algorithm has significant
predictive value for post-LVAD complications, although mea-
surements such as NTproBNP, CVP, pulmonary artery
pulsatility index (PAPi), right ventricular stroke work index
(RVSWI), and the CVP to pulmonary capillary wedge (CVP/
PCWP) ratio are commonly used to evaluate need for RVAD
implantation and tricuspid valve replacement prior to
surgery.*’™° As advanced heart failure is typically character-
ized by biventricular disease with elevated CVP, three groups
have evaluated elastography as an additional prognostic tool.

Potthoff et al. first characterized ARFI LSM after LVAD
placement, finding a positive correlation between LSM and
CVP, and significant decreases in LSM post-operatively, indi-
cating improvement in CVP. LSM were significantly higher
among the 5 patients that died compared with survivors, po-
sitioning LSM as a possible prognostic tool.®

Using FibroScan to assess LVAD candidates, Nishi et al.
found LSM were significantly higher in patients who also re-
quired RVADs. ROC analysis identified a cut-off >7.0 kPa for
increased RVAD need. Patients with major adverse events
(MAEs: mortality, postoperative bleeding, cerebrovascular
events and infection) had significantly higher LSM than those
without (22.4 + 17.4 vs. 8.0 £ 5 kPa, P < 0.05), and MAEs
were particularly greater in patients with LSM >12.5 kPa
(80% vs. 25% in LSM < 12.5 kPa).* While multiple markers
of CH were evaluated, including pre-operative haemody-
namic measurements, BNP, and transaminases, LSM were
the only independent risk factor for MAEs.*

Kashiyama et al. evaluated VCTE LSM in 55 patients after
LVAD placement, with endpoints of heart transplantation,
death, or LVAD removal.> Univariate analysis identified di-
lated phase of hypertrophic cardiomyopathy aetiology,
pre-operative LSM, LVEF, left ventricular diastolic dimension
(LVDD), RVSWI, and CVP/PCWP ratio as predictive for RHF af-
ter LVAD placement. In multivariate analysis, all but LVEF and
CVP/PCWP were predictive, with the combination of these
factors having the highest predictive value (sensitivity 100%,
specificity 64%, P < 0.01).° A pre-operative cut-off
LSM > 12.8 kPa was predictive of RHF. Pre-operative LSM
and LVEF were independent risk factors for RVAD need, with
a cut-off LSM > 14.0 kPa for increased likelihood, far higher
than the cut-off previously established.** Prior studies failed
to find a significant correlation between LSM and liver func-
tion, although this group found a correlation between LSM
and total bilirubin level.> While this does not obviate liver fi-
brosis from impacting LSM, it highlights the prognostic ability
of elastography as an independent risk factor for adverse
events following LVAD placement, and as a tool to augment
existing predictors of poor outcome. This study also demon-
strated the potential for non-invasive risk calculators, based

on a subset of imaging and serologic tests, as an alternative
to invasive procedures. However, this is the only published
study assessing this relationship, and further research is
needed.

Limitations of elastography and future
directions

Expanding study of LSM into larger trials is limited by several
factors. Although VCTE (FibroScan) is readily accessible and
requires minimal training for use, it is primarily employed
by hepatologists and gastroenterologists, while cardiologists
are generally unaware of its applications for the ADHF popu-
lation. While ARFI is similarly accessible, it requires interpre-
tation by radiologists, most of whom may not have much ex-
perience in the context of heart failure patients. In terms of
study design, sample sizes are limited by the exclusion
criteria, which eliminates patients with known liver disease,
ascites, and obesity, especially for VCTE. Due to ethical con-
siderations in obtaining RHC and liver biopsy in these pa-
tients, more accurate assessments of CVP changes and fibro-
sis are limited. Due to this limitation, a single LSM value
cannot differentiate reversible congestion from irreversible
fibrosis.

The ability to quantify hepatic decongestion is a key
strength of LSM that warrants further evaluation. Multiple
studies reviewed here have demonstrated LSM are a surro-
gate for CVP, as LSM decrease linearly with CVP after ade-
quate diuresis. While a single measurement will not accu-
rately demonstrate the severity of ADHF, the change in LSM
on admission and after diuresis is easily calculated and has
significant value in the management of the individual patient.
As with the chronic liver disease population, it will be neces-
sary to further define the relationship between CVP and LSM
in a multi-centre study with a larger number of patients. Fo-
cusing on the change in LSM will also allow more accurate
comparisons of successful treatment of ADHF across different
facilities using different LSM modalities.

The other strength of LSM is risk stratification in the ADHF
and transplant populations, with multiple studies establishing
their own optimal cut-off LSM for increased risk. These
cut-offs should be validated in a larger multi-centre trial to
further explore the application of LSM as a prognostic marker
both alone and in conjunction with existing markers of dis-
ease severity. However, cut-off values cannot be extrapolated
between the ADHF and transplant populations, as they repre-
sent two clinically distinct entities.

As LSM are a new area of study in the HF population, head-
to-head comparisons of the various LSM modalities have not
been established as they were for the liver disease popula-
tion and warrants larger trials.>*° As such, a LSM obtained
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by one imaging modality cannot be directly compared with a
LSM obtained by another modality.

Conclusion

The HF population is a high-risk group subject to significant
morbidity and mortality. Identifying the highest risk patients
remains a challenge, and further research into enhanced as-
sessments is critical. Liver elastography is emerging as a
non-invasive surrogate for evaluating the increased venous
congestion characteristic of heart failure, with several groups
reporting novel use as a prognostic tool in both the ADHF and
LVAD populations. The existing data illuminate three key ap-
plications: (i) assessment of adequate venous decongestion

References

prior to discharge; (ii) prognosis after an acute exacerbation;
and (iii) risk stratification for determining right ventricular
support needs before LVAD placement. Elastography is prog-
nostic both alone and in conjunction with existing markers
which, given that it is relatively inexpensive and easy to
use, has vast potential. While further research is needed to
fully illustrate its practical applications, liver elastography
shows great promise as a novel tool to improve outcomes
in the management of heart failure population.

Conflict of interest

The authors report no financial conflict of interest related to
this submission.

. Goncalvesova E, Kovacova M. Heart fail-
ure affects liver morphology and func-
tion. What are the clinical implications?
Bratisl Lek Listy. 2018; 119: 98-102.

. Barr RG, Ferraioli G, Palmeri ML,
Goodman ZD, Garcia-Tsao G, Rubin J,
Garra B, Myers RP, Wilson SR, Rubens
D, Levine D. Elastography assessment of
liver fibrosis: Society of Radiologists in
ultrasound consensus conference state-

fication Elastography for assessing liver
congestion in patients with heart failure.
Circ J. 2016; 80: 1187-1195.

. Saito Y, Kato M, Nagashima K, Monno K,

Aizawa Y, Okumura Y, Matsumoto N,
Moriyama M, Hirayama A. Prognostic
relevance of liver stiffness assessed by
transient Elastography in patients with
acute decompensated heart failure. Circ
J. 2018; 82: 1822-1829.

15.

16.

heart failure: Assessment of reduction
in mortality and morbidity (CHARM)
program. Eur J Heart Fail. 2009; 11:
170-177.

Wells ML, Fenstad ER, Poterucha JT,
Hough DM, Young PM, Araoz PA,
Ehman RL, Venkatesh SK. Imaging find-
ings of congestive Hepatopathy. Radio-
graphics. 2016; 36: 1024-1037.
Naschitz JE, Slobodin G, Lewis RJ,

ment. Radiology. 2015; 276: 845-861. 9. Omote K, Nagai T, Asakawa N, Kamiya Zuckerman E, Yeshurun D. Heart dis-
. Taniguchi T, Sakata Y, Ohtani T, Mizote K, Tokuda Y, Aikawa T, Fukushima A, eases affecting the liver and liver dis-
I, Takeda Y, Asano Y, Masuda M, Noguchi K, Kato Y. Impact of admission eases affecting the heart. Am Heart J.
Minamiguchi H, Kanzaki M, Ichibori Y, liver stiffness on long-term clinical out- 2000; 140: 111-120.
Nishi H. Usefulness of transient elastog- comes in patients with acute decompen- 17. Myers RP, Cerini R, Sayegh R, Moreau
raphy for noninvasive and reliable esti- sated heart failure. Heart Vessels. 2019; R, Degott C, Lebrec D, Lee SS. Cardiac
mation of right-sided filling pressure in 34: 984-991. hepatopathy: Clinical, hemodynamic,
heart failure. Am J Cardiol. 2014; 113:  10. Soloveva A, Kobalava Z, Fudim M, and histologic characteristics and

552-558.

. Nishi H, Toda K, Miyagawa S, Yoshikawa
Y, Fukushima S, Kawamura M, Saito T,
Yoshioka D, Daimon T, Sawa Y. Novel
method of evaluating liver stiffness
using transient elastography to evaluate

Ambrosy AP, Villevalde S, Bayarsaikhan
M, Garmash I, Naumenko M. Relation-
ship of liver stiffness with congestion in
patients presenting with acute decom-
pensated heart failure. J Card Fail.
2019; 25: 176-187.

18.

correlations. 37:
393-400.

Dai DF, Swanson PE, Krieger EV, Liou
IW, Carithers RL, Yeh MM. Congestive
hepatic fibrosis score: A novel histologic

assessment of clinical severity. Mod

Hepatology. 2003;

perioperative status in severe heart fail- 11. Taniguchi T, Ohtani T, Kioka H, Pathol. 2014; 27: 1552-1558.
ure. Circ J. 2015; 79: 391-397. Tsukamoto Y, Onishi T, Nakamoto K, 19. Bosch DE, Koro K, Richards E, Hoch BL,
. Kashiyama N, Toda K, Nakamura T, Katsimichas T, Sengoku K, Chimura M, Jalikis F, Koch LK, Swanson PE, Truong
Miyagawa S, Nishi H, Yoshikawa Y, Hashimoto H, Yamaguchi O. Liver stiff- CD, Liou I, Yu L, Bhattacharya R. Valida-
Fukushima S, Saito S, Yoshioka D, Sawa ness reflecting right-sided filling pres- tion of a congestive hepatic fibrosis scor-
Y. Evaluation of right ventricular func- sure can predict adverse outcomes in pa- ing system. Am J Surg Pathol. 2019; 43:
tion using liver stiffness in patients with tients with heart failure. JACC 766-772.
left ventricular assist device. Eur J Cardiovasc Imaging. 2019; 12: 955-964.  20. Dhall D, Kim SA, Mc Phaul C, Kransdorf
Cardiothorac Surg. 2017; 51: 715-721. 12. Lemmer A, VanWagner L, Ganger D. EP, Kobashigawa JA, Sundaram V,
. Potthoff A, Schettler A, Attia D, Schlue J, Congestive hepatopathy: Differentiating Mirocha J, Guindi M. Heterogeneity of
Schmitto JD, Fegbeutel C, Striiber M, congestion from fibrosis. Clin Liver Dis fibrosis in liver biopsies of patients with
Haverich A, Manns MP, Wedemeyer H, (Hoboken). 2017; 10: 139-143. heart failure undergoing heart trans-
Gebel M. Liver stiffness measurements 13. Giallourakis CC, Rosenberg PM, plant evaluation. Am J Surg Pathol.
and short-term survival after left ven- Friedman LS. The liver in heart failure. 2018; 42: 1617-1624.
tricular assist device implantation: A pi- Clin Liver Dis. 2002; 6: 947-967 viii-ix. 21. Horvath B, Zhu L, Allende D, Xie H,
lot study. J Heart Lung Transplant. 14. Allen LA, Felker GM, Pocock S, Guirguis J, Cruise M, Patil DT, O’Shea

2015; 34: 1586-1594.

. Yoshitani T, Asakawa N, Sakakibara M,
Noguchi K, Tokuda Y, Kamiya K, Iwano
H, Yamada S, Kudou Y, Nishida M,
Shimizu C. Value of virtual touch quanti-

McMurray JJ, Pfeffer MA, Swedberg K,
Wang D, Yusuf S, Michelson EL, Granger
CB. Liver function abnormalities and
outcome in patients with chronic heart
failure: Data from the candesartan in

R, Rivas J, Yordanka R, Lan N. Histology
and glutamine Synthetase Immunoreac-
tivity in liver biopsies from patients with
congestive heart failure. Gastroenterol-
ogy Res. 2017; 10: 182-189.

ESC Heart Failure 2022; 9: 2800-2807
DOI: 10.1002/ehf2.14038



Liver stiffness measurements in heart failure

2807

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Lemmer A, VanWagner LB, Ganger D.
Assessment of advanced liver fibrosis
and the risk for hepatic decompensation
in patients with congestive
Hepatopathy. Hepatology. 2018; 68:
1633-1641.

Sporea I, Bota S, Gradinaru-Tascidu O,
Sirli R, Popescu A. Comparative study
between two point shear wave
Elastographic techniques: Acoustic radi-
ation force impulse (ARFI) elastography
and ElastPQ. Med Ultrason. 2014; 16:
309-314.

Kato Y, Nagai T, Oyama-Manabe N,
Tsuneta S, Nakai M, Kobayashi Y,
Komoriyama H, Omote K, Tsujinaga S,
Sato T, Konishi T. Usefulness of liver
magnetic resonance Elastography for es-
timating right-atrial pressure in heart
failure patients. JACC Cardiovasc Imag-
ing. 2020; 13: 2050-2052.

Serai SD, Wallihan DB, Venkatesh SK,
Ehman RL, Campbell KM, Sticka J,
Marino BS, Podberesky DJ. Magnetic
resonance elastography of the liver in
patients status-post fontan procedure:
Feasibility and preliminary results.
Congenit Heart Dis. 2014; 9: 7-14.
Poterucha JT, Johnson JN, Qureshi
MY, O’Leary PW, Kamath PS, Lennon
RJ, Bonnichsen CR, Young PM,
Venkatesh SK, Ehman RL, Gupta S. Mag-
netic resonance Elastography: A novel
technique for the detection of hepatic fi-
brosis and hepatocellular carcinoma af-
ter the Fontan operation. Mayo Clin
Proc. 2015; 90: 882-894.
Silva-Sepulveda JA, Fonseca Y, Vodkin I,
Vaughn G, Newbury R, Vavinskaya V,
Dwek J, Perry JC, Reshamwala P,
Baehling C, Lyon J. Evaluation of Fontan
liver disease: Correlation of transjugular
liver biopsy with magnetic resonance
and hemodynamics. Congenit Heart Dis.
2019; 14: 600-608.

Tapper EB, Castera L, Afdhal
NH. FibroScan (vibration-controlled
transient elastography): Where does
it stand in the United States practice. Clin
Gastroenterol Hepatol. 2015; 13: 27-36.
Bota S, Herkner H, Sporea I, Salzl P, Sirli
R, Neghina AM, Peck-Radosavljevic M.
Meta-analysis: ARFI elastography versus
transient elastography for the evalua-
tion of liver fibrosis. Liver Int. 2013;
33: 1138-1147.

Cohen EB, Afdhal NH. Ultrasound-based
hepatic elastography: Origins, limita-
tions, and applications. J Clin
Gastroenterol. 2010; 44: 637-645.
Millonig G, Reimann FM, Friedrich S,
Fonouni H, Mehrabi A, Biichler MW,
Seitz HK, Mueller S. Extrahepatic chole-
stasis increases liver stiffness
(FibroScan) irrespective of fibrosis.
Hepatology. 2008; 48: 1718-1723.
Venkatesh SK, Yin M, Ehman RL. Mag-
netic resonance elastography of liver:

33.

34.

35.

36.

37.

38.

39.

40.

Technique, analysis, and clinical applica-
tions. J Magn Reson Imaging. 2013; 37:
544-555.

Zhang YN, Fowler KJ, Ozturk A, Potu
CK, Louie AL, Montes V, Henderson
WC, Wang K, Andre MP, Samir AE, Sirlin
CB. Liver fibrosis imaging: A clinical re-
view of ultrasound and magnetic reso-
nance elastography. J Magn Reson Imag-
ing. 2020; 51: 25-42.

Schachter JL, Patel M, Horton SR, Mike
Devane A, Ewing A, Abrams GA.
FibroSURE and elastography poorly pre-
dict the severity of liver fibrosis in
Fontan-associated liver disease.
Congenit Heart Dis. 2018; 13: 764-770.
Lebray P, Varnous S, Charlotte F, Varaut
A, Poynard T, Ratziu V. Liver stiffness is
an unreliable marker of liver fibrosis in
patients with cardiac insufficiency.
Hepatology. 2008; 48: 2089.

Millonig G, Friedrich S, Adolf S, Fonouni
H, Golriz M, Mehrabi A, Stiefel P, Péschl
G, Biichler MW, Seitz HK, Mueller S.
Liver stiffness is directly influenced by
central venous pressure. J Hepatol.
2010; 52: 206-210.

Jalal Z, Iriart X, De Lédinghen V,
Barnetche T, Hiriart JB, Vergniol J,
Foucher J, Thambo JB. Liver stiffness
measurements for evaluation of central
venous pressure in congenital heart dis-
eases. Heart. 2015; 101: 1499-1504.
Lala A, McNulty SE, Mentz RJ, Dunlay
SM, Vader JM, AbouEzzeddine OF,
DeVore AD, Khazanie P, Redfield MM,
Goldsmith SR, Bart BA. Relief and recur-
rence of congestion during and after
hospitalization for acute heart failure:
Insights from diuretic optimization strat-
egy evaluation in acute decompensated
heart  failure = (DOSE-AHF) and
Cardiorenal rescue study in acute de-
compensated heart failure (CARESS-
HF). Circ Heart Fail. 2015; 8: 741-748.
Gheorghiade M, Follath F, Ponikowski P,
Barsuk JH, Blair JE, Cleland JG,
Dickstein K, Drazner MH, Fonarow GC,
Jaarsma T, Jondeau G. Assessing and
grading congestion in acute heart fail-
ure: A scientific statement from the
acute heart failure committee of the
heart failure association of the European
Society of Cardiology and endorsed by
the European Society of Intensive Care
Medicine. Eur J Heart Fail. 2010; 12:
423-433.

Maeda K, Tsutamoto T, Wada A,
Mabuchi N, Hayashi M, Tsutsui T,
Ohnishi M, Sawaki M, Fujii M,
Matsumoto T, Kinoshita M. High levels
of plasma brain natriuretic peptide and
interleukin-6 after optimized treatment
for heart failure are independent risk
factors for morbidity and mortality in
patients with congestive heart failure.
J Am Coll Cardiol. 2000; 36:
1587-1593.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Troughton RW, Frampton CM, Yandle
TG, Espine EA, Nicholls MG, Richards
AM. Treatment of heart failure
guided by plasma aminoterminal
brain natriuretic peptide (N-BNP)
concentrations. Lancet. 2000; 355:
1126-1130.

Jourdain P, Jondeau G, Funck F, Gueffet
P, Le Helloco A, Donal E, Aupetit JF,
Aumont MC, Galinier M, Eicher JC,
Cohen-Solal A. Plasma brain natriuretic
peptide-guided therapy to improve out-
come in heart failure: The STARS-BNP
multicenter study. J Am Coll Cardiol.
2007; 49: 1733-1739.

Colli A, Pozzoni P, Berzuini A, Gerosa A,
Canovi C, Molteni EE, Barbarini M,
Bonino F, Prati D. Decompensated
chronic heart failure: increased liver
stiffness measured by means of transient
elastography. Radiology. 2010; 257:
872-878.

Hopper I, Kemp W, Porapakkham P, Sata
Y, Condon E, Skiba M, Farber L,
Porapakkham P, Williams TJ, Menahem
S, Roberts S. Impact of heart failure
and changes to volume status on liver
stiffness: Non-invasive assessment using
transient elastography. Eur J Heart Fail.
2012; 14: 621-627.

Alegre F, Herrero JI, Ifarrairaegui M,
Gavira JJ, Pujol C, Montero A, D’Avola
D, Prieto J, Sangro B, Quiroga J. In-
creased liver stiffness values in patients
with heart failure. Acta Gastroenterol
Belg. 2013; 76: 246-250.

icen YK, Demirtas AO, Koc AS, Siimbiil
HE, Ko¢ M. Liver stiffness value ob-
tained with ElastPQ ultrasound in-
creases with NYHA class in chronic
heart failure patients and reduced ejec-
tion fraction. Turk Kardiyol Dern Ars.
2019; 47: 281-293.

Lampert BC, Teuteberg JJ. Right ventric-
ular failure after left ventricular assist
devices. J Heart Lung Transplant. 2015;
34: 1123-1130.

Bellavia D, Iacovoni A, Scardulla C,
Moja L, Pilato M, Kushwaha SS, Senni
M, Clemenza F, Agnese V, Falletta C,
Romano G. Prediction of right ventricu-
lar failure after ventricular assist
device implant: Systematic review
and meta-analysis of observational
studies. Eur J Heart Fail. 2017; 19:
926-946.

Kang G, Ha R, Banerjee D. Pulmonary
artery pulsatility index predicts right
ventricular failure after left ventricular
assist device implantation. J Heart Lung
Transplant. 2016; 35: 67-73.

Crespo G, Fernandez-Varo G, Marifio Z,
Casals G, Miquel R, Martinez SM,
Gilabert R, Forns X, Jiménez W, Navasa
M. ARFI, FibroScan, ELF, and their com-
binations in the assessment of liver fi-
brosis: A prospective study. J Hepatol.
2012; 57: 281-287.

ESC Heart Failure 2022; 9: 2800-2807
DOI: 10.1002/ehf2.14038



	Use of liver stiffness measurements in acute decompensated heart failure: new applications of a �non�&hyphen;�invasive technique
	Introduction
	Pathophysiology of congestive hepatopathy and liver stiffness
	Non&hyphen;invasive assessments of liver stiffness
	Liver stiffness measurements as a surrogate marker for central venous pressure
	Elastography can demonstrate decongestion in acute decompensated heart failure
	Liver stiffness measurements as a prognostic tool in acute decompensated heart failure
	Liver stiffness measurements as a prognostic tool after left ventricular assist device placement
	Limitations of elastography and future directions
	Conclusion
	Conflict of interest
	References

