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Liver Elastography in Acute Liver
Failure: A Pilot Study

OBIJECTIVES: We aimed to assess the feasibility and reliability of sequential ul-
trasonographic and elastographic monitoring in acute liver failure (ALF).

DESIGN: Observational study.

SETTING: ALF is a rare, life-threatening disease that requires intensive care ad-
mission and often liver transplant, where the accurate selection of patients is cru-
cial. Liver elastography is a noninvasive tool that can measure hepatic stiffness,
but previous results have been inconclusive in ALF.

PATIENTS: Patients admitted between October 2021 and March 2023 to the
Liver Intensive Therapy Unit at King's College Hospital with ALF were recruited,
with healthy control (HC) individuals and acute-on-chronic liver failure (ACLF)
used as controls.

INTERVENTION: None.

MEASUREMENTS: Average shear wave velocity was recorded with ElastPQ
on the right and left liver lobes and the spleen. Portal vein flow, hepatic artery
resistive index, and peak systolic velocity were also recorded. Physiologic and
histologic data were used for comparison.

MAIN RESULTS: Forty patients with ALF, 22 patients with ACLF, and 9 HC
individuals were included in the study. At admission, liver stiffness measurement
(LSM) of the right lobe was statistically different between HC individuals (5.6 + 2
kPa), ALF (31.7£17 kPa), and ACLF (76.3171 kPa) patients (ALF vs. ACLF,
p = 0.0301). Spleen size and stiffness discriminated between ALF (10.4+2cm
and 21.4+16.6 kPa) and ACLF (14+2.3cm and 42.6+26 kPa). At admission,
LSM was not different between ALF patients who spontaneously survived versus
patients who died or were transplanted in the following 90 days. However, the
trend over the first 10 days of admission was different with a peak of LSM at day
5 in spontaneous survivors followed by reduction during the recovery phase. ALF
patients with poor prognosis showed a persistently increased LSM.

CONCLUSIONS: In ALF stiffness peaks at day 5 of admission with subsequent
reduction in patients spontaneously surviving, showing significant difference
according to the prognosis at day 7 of admission. LSM might be useful in dis-
tinguishing acute from acute-on-chronic liver failure together with spleen volume
and stiffness.

KEYWORDS: acute liver failure; acute-on-chronic liver failure; diagnostic
ultrasound; elastography; tissue elasticity imaging

ized by coagulopathy and hepatic encephalopathy occurring in people
without preexisting liver conditions that usually require admission to
intensive care (1). The average prevalence is approximately six people per mil-
lion population per year (2) and the survival improved in the last 50 years from
17% to 62% (3). This is distinct from acute-on-chronic liver failure (ACLF) (4),
occurring instead in the 35% of people with decompensated cirrhosis admitted

ﬁ cute liver failure (ALF) is a rare life-threatening disease, character-
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Question: Can elastography be used as diag-
nostic and prognostic tool in acute liver failure?

Findings: In this prospective observational
cross-sectional pilot study, we showed that elas-
tography has the potential to be used in acute liver
failure and prognosticate outcome on day 7 of
admission.

Meaning: Elastography could be employed in
intensive care to assess patients with acute liver
failure and can contribute to the decision-making
process.

. J

to the hospital that develop multiple organ failure (5).
The mortality rate within 28 days after admission is
32.0% in patients with two organ failures and 78.6% in
those with three organ failures or more (4). Both these
liver failure syndromes are characterized by intense
systemic inflammation and cytokine release, with car-
diovascular instability and immune dysfunction with a
high incidence of death from sepsis and multiple organ
failure (6, 7). The cardiovascular changes are similar to
those of sepsis with a hyperdynamic circulation mani-
fested by a high cardiac output and decreased mean ar-
terial pressure (MAP) and systemic vascular resistance
(1). Usually only if the clinical interpretation through
history, examination, laboratory, and imaging modali-
ties are inconclusive, a liver biopsy is performed to as-
certain the specific etiology of the ALF and distinguish
it from ACLE

There are no pharmaceutical therapies for ei-
ther immune or vascular dysfunction in ALF and, if
patients do not improve with supporting measures,
liver transplant (LT) is the curative option. Survival
without LT has improved thanks to the selection of
patients, critical care support, and liver support strat-
egies such as plasmapheresis aimed to remove cir-
culating cytokines and dampen the inflammatory
response (8). In ACLF is still matter of debate if LT
needs to be expedited and national programs are on-
going to address this issue (9).

In this setting, the accurate prognostication of
patients is crucial. Current UK. guidelines for ALF
transplant listing are based on the King’s College
Criteria, evaluating clinical parameters, that

2 www.ccejournal.org

unfortunately have low sensitivity (10) hence world-
wide efforts are needed to improve prognostic and di-
agnostic accuracy.

Liver elastography is a noninvasive tool that can
measure stiffness which is widely used in stable
chronic liver disease (11), but with inconclusive results
in ALF (12-16). This is likely because in this setting
the high stiffness is not related to the presence of fi-
brosis but to a combination of other factors, including,
inflammation, necrosis, fluid status, and microthrom-
bosis. Acute hepatitis is indeed considered a bias or a
source of “false positivity” in the current guidelines
(11). Liver ultrasonography, and CT, have been help-
ful in prognostication of ALF as reduced or collapsing
liver volume, suggests poor chance of recovery (17).
Spleen stiftness, on the other hand, can be of help in
differentiating acute from acute-on-chronic liver di-
sease and can predict decompensation in the chronic
setting (18). Furthermore, despite being confined to
an ambulatory setting since its creation, in recent years
elastography gained attention from the intensive care
community and in particular for its application in car-
diac disease, as assessment tool of liver congestion in
the setting of right heart failure (19, 20).

The aim of our pilot study was to evaluate the useful-
ness of a noninvasive ultrasound approach in patients
with acute liver failure syndromes admitted to inten-
sive care, to provide pilot data as a diagnostic tool that
can help in both the triage of patients (distinguish ALD
from ACLF) and prognostication in an LT setting. We
sought to comprehensively characterize the dynamic
changes in liver elastography, vascular Doppler, and
systemic inflammation to provide a mechanistic expla-
nation of the ultrasonographic findings. We hypoth-
esized that ultrasonography could have a role in the
identification of ALF, distinguishing it from ACLF at
admission, and also help in the prognostication of the
disease.

MATERIALS AND METHODS
Study Population

ALF patients admitted from October 2021 to March 2023
to the Liver Intensive Care of King’s College Hospital
were recruited. Patients with ACLF (according to EASL_
CLIF definition (4)) and healthy individuals were used
as healthy control (HC) individuals. Patients presenting
with pregnancy, disseminated malignancy, preexisting
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immunosuppressive states including drugs and HIV
infection, and chronic granulomatous diseases were
excluded. Patients were screened and approached for re-
cruitment as part of the “Immunometabolism in Sepsis,
Inflammation and Liver Failure Syndromes/IMET
Study” (version 3.1, dated February 17, 2022, research
ethics committee number 19/NW/0750, integrated re-
search application system number 244089) study within
24 hours of admission. The study was compliant with the
ethical standards of the Helsinki Declaration of 1975.
Patients or family consultees in case of lack of capacity
provided written informed consent. Patients with in-
determinate status ALF versus ACLF were comprehen-
sively examined by a senior hepatologist, radiologist, and
pathologist and classified accordingly.

Ultrasound Protocol

Imaging was collected with a Philips Affiniti 70 (Philips,
Amsterdam, The Netherlands) ultrasound machine
with an elastography upgrade. Average shear wave ve-
locity was recorded with ElastPQ (Philips, Amsterdam,
The Netherlands) on the right and left liver lobes and
spleen. Almost all the patients were intubated and ven-
tilated, thus measurements were taken in supine posi-
tion at the end of each expiration, to avoid movement
artifacts. The right lobe was explored with an inter-
costal approach, the left lobe with longitudinal orienta-
tion in epigastrium, and the spleen with left intercostal
approach. Liver longitudinal diameter was measured
along an oblique line from the right hemidiaphragm
to the inferior tip of the right lobe in the midaxillary
line (Supplementary Fig. 2E, http://links.lww.com/
CCX/B306). At least 10 measurements per site were
recorded and the results were deemed reliable if inter-
quartile range (IQR)/median was less than 30% (21).
Portal vein flow was recorded as per standard practice
with an angle between 30 and 60°, and the hepatic ar-
tery resistive index (HARI) and peak systolic velocity
were also recorded. Scans were performed by a single
operator (EM.T.) daily for the first 10 days of admis-
sion or until LT, discharge, or death of the patient.

Blood Samples and Clinical Data

On days 1, 3, 7, and 10 samples of plasma and serum
were collected and stored after centrifugation. Biopsy
or explant histologic findings, when available, were
used for comparison.

Critical Care Explorations

Clinical data and laboratory parameters were col-
lected, and severity scores were calculated, including
the Model for End-stage Liver Disease, Child-Pugh,
and Sequential Organ Failure Assessment (SOFA)
(22). When invasive monitoring with Pulse index
Continuous Cardiac Output (Pulsion, Feldkirchen,
Germany) was performed, the following data were
measured by transpulmonary thermodilution and
collected: cardiac index (CI), stroke volume variation
(SVV), global end-diastolic volume index (GEDVI),
extravascular lung water index (ELWI), and systemic
vascular resistance index (SVRI) (23).

Cytokine Analysis

The V-PLEX Proinflammatory Panel 1 Human Kit
(Meso Scale Diagnostics, Rockville, Maryland, USA)
(interferon-y, interleukin [IL]-1p, IL-2, IL-4, IL-6,
IL-8, IL-10, IL-12p70, IL-13, tumor necrosis factor a)
from Meso Scale Diagnostics, LLC was measured as
per Supplementary Methods (http://links.lww.com/
CCX/B306).

Enzyme-Linked Immunosorbent Assay (ELISA)

von Willebrand factor (vWF) and soluble platelet-
endothelial celladhesion molecule-1 plasma concentra-
tions were quantified according to the manufacturer’s
instructions briefly summarized in Supplementary
Methods (http://links.lww.com/CCX/B306).

Histology

Liver explants/biopsies were examined by a single oper-
ator (R.M.), hematoxylin and eosin, and Sirius red stain-
ing was used. The following parameters were evaluated:
Ishak confluent hepatocellular necrosis, Ishak intralob-
ular inflammation, Ishak portal/septal inflammation,
ductular reaction, ballooning, cytoplasmatic cholestasis,
canalicular cholestasis, ductular cholestasis, and per-
centage of fat (microvacuolar and microvacuolar) (24).

Statistical Analysis

Descriptive statistics, univariate (¢ test and anal-
ysis of variance [ANOVA] for parametric data and
Mann-Whitney and Kruskal-Wallis with Dunn’s
multiple comparisons tests for not parametric
data), receiver operating characteristic curve, and
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correlations analysis (Pearson and Spearman) were
performed with GraphPad PRISM (GraphPad
Software, v9, Boston, MA). Multiple linear re-
gression has been calculated with SPSS, v28 (IBM,
Chicago, IL).

RESULTS

Liver Elastography Together With Spleen
Assessment is a Good Triage Tool in Acute
Liver Failure Syndromes

Forty-five patients with an index presentation of ALF
requiring admission to liver intensive care, 17 patients
with known chronic liver disease in ACLF as per CLIF
definition (4), and 9 HC individuals were included
in the study. After collateral history, imaging, and in

TABLE 1.
Characteristics of the Population

Acute Liver

Failure, n =40

some cases liver biopsy, acute patients were subse-
quently recharacterized as 40 ALF and 22 ACLF (Table
1). The most common etiology of ALF was parace-
tamol overdose, affecting 23 patients (57%). Mean age
was 37.5+16 and the admission median SOFA score
was 14 (IQR = 6). Seventeen patients spontaneously
survived, 12 patients were transplanted (30%), and 12
patients died (30%), including one after LT, within 90
days from admission. Plasmapheresis was done in 13
patients (Fig. 14; and Supplementary Table 1, http://
links.Iww.com/CCX/B306). The average time from in-
clusion to LT was 7 +7 days, whereas the average time
from inclusion to death was 22 +23 days.

Survivors had a mean ICU stay of 15.3+12.6 days
and mean hospital stay of 24.1+14.7 days. Four
patients were repatriated to the referring hospital

Acute-on-Chronic Liver
Failure, n = 22

Age (yr) 375+16 44+12.5 0.1048
Female, n (%) 20 (50%) 8 (36%) 0.3019
Liver stiffness measurement (kPa), median (IQR) 28.13 (19.44) 56.6 (105.47) 0.0301
Spleen SM (kPa), median (IQR) 15.1 (21.55) 32.6 (36.69) 0.0085
Hepatic artery resistive index, & sb 0.72+0.1 0.70£0.1 0.4541
Portal vein velocity (cm/s), median (IQR) 16.8 (8.5) 18.45 (19.4) 0.8210
Right lobe (cm), £ sp 14.2+3.1 145+2.5 0.7172
Spleen (cm), median (IQR) 9.95 (2.83) 14.3 (2.05) < 0.0001
Central venous pressure (mm Hg), £ sp 11.85+4.7 14.3+4.8 0.0623
Mean arterial pressure (with vasopressor 77 (11.5) 70 (14.5) 0.0425
support) (mm Hg), median (IQR)
Heart rate (beat/min), * sp 90.8+23.5 879+13.5 0.6101
Cardiac index, median (IQR) 4 (2.6) 4.8(3) 0.2316
International normalized ratio, median (IQR) 2.7 (2.8) 1.7 (0.45) 0.0005
Total bilirubin (mg/dL), median (IQR) 7 (7.78) 14 (21.145) 0.0798
Aspartate aminotransferase (U/L), median (IQR) 3107 (7873) 102 (80.5) < 0.0001
Lactate, median (IQR) 2.7 (2.6) 1.5 (0.75) 0.0093
Sequential Organ Failure Assessment score, 14 (6) 14 (5) 0.6326
median (IQR)
Renal replacement therapy, n (%) 36 (90%) 13 (59%) 0.0042
Mechanical ventilation, n (%) 33 (82.5%) 18 (81%) 0.9464

IGR = interquartile range.

Population characteristics presented as mean =+ sp for parametric values, and median with IOR for nonparametric values; Student t test
for parametric, Mann-Whitney for nonparametric, and chi-square for frequency have been used.
Boldface values indicate statistically significant results, where p < 0.05.
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Figure 1. Study population and main findings. A, Flowchart including the study population. B, Admission liver stiffness measurement of
the right lobe (RLSM) accurately identified healthy control (HC) individuals (5.6 2 kPa), acute liver failure (31.7 £ 17), and acute-on-
chronic liver failure (76.3+71 kPa) patients (Kruskall-Wallis). Acute liver failure (ALF) (n = 40), acute-on-chronic liver failure (ACLF)
(n=29), HC individuals (n=9). C, Spleen size is increased in ACLF (14£2.3cm) compared with ALF (10.4£2cm) and HC individuals
(9.6 1.8cm) (Kruskall-Wallis). Ill, Spleen stiffness is increased in ACLF (45.6 + 26 kPa) compared with ALF (21 £ 16 kPa) and

HC individuals (17.3% 10 kPa) (Kruskall-Wallis). D, Spleen stiffness is increased in ACLF (45.6 %26 kPa) compared with ALF (21+16
kPa) and HC individuals (17.3% 10 kPa) (Kruskall-Wallis). *p < 0.05, *p < 0.01, **p < 0.001, **p < 0.0001. ns = not statistically

significant.

before being fit for discharge home. Among survi-
vors, 9 patients were on vasopressors, 12 were me-
chanically ventilated, and 14 on renal replacement
therapy (RRT) at admission; on day 3, 9 patients were
on vasopressors, 13 mechanically ventilated and 13
on RRT; at day 7, 2 patients were on vasopressors, 7
mechanically ventilated and 7 on RRT; and at day 10,
0 patients were on pressors, 4 mechanically ventilated
and 5 on RRT.

Critical Care Explorations

Ultrasonographic parameters are presented in
Table 1, of note the average scan time was 20 minutes
per day per patient.

The admission liver stiffness measurement of
the right lobe liver stiffness measurement (RLSM)
was significantly different between HC individuals
(5.6+2 kPa), ALF (31.7+£17), and ACLF (76.3+£71
kPa) patients (Kruskal-Wallis p < 0.0001) (Fig. 1B).
RLSM discriminated between ALF and ACLF
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(Supplementary Figs. 1 and 2G, http://links.lww.
com/CCX/B306) and was consistent with the histo-
logical findings. In ACLE, LSM correlated directly
with liver size measured as longitudinal diameter
(Supplementary Fig. 24, http://links.lww.com/CCX/
B306), and the highest values were found in alcoholic
hepatitis, Wilson’s disease and in those admitted
for gastrointestinal bleeding (LSM > 100 kPa).

The estimation of the left lobe did not satisfy the min-
imum requirements of IQR/median greater than 30% in
half of the patients, due to heartbeat artifacts and thus was
deemed unreliable (data not shown). The admission spleen
size and stiffness discriminated between ALF (10.4+2cm
and 21.4+16.6kPa) and ACLF (14+2.3cm and 42.6+26
kPa, p < 0.0001 and p = 0.0009)(Supplementary Fig. 2G,
http://links.lww.com/CCX/B306) but not between ALF
and HC individuals (Fig. 1, C and D). Portal vein flow was
reduced in both ALF (19.9 + 14 cm/s) and ACLF (14.6 +
17 cm/s) compared with HC individuals (37.9 £ 16 cm/s,
Kruskal Wallis p = 0.0012), with some cases of reverse flow
and no difference was seen between groups in terms of
HARI (ANOVA, p = 0.7765) (Fig. 2, A and B).

Increased LSM After 1 Week Of Admission is a
Poor Prognostic Feature of ALF

At admission to liver intensive care, LSM was not dif-
ferent between ALF patients who spontaneously sur-
vived versus those who died or were transplanted in
the following 90 days (Supplementary Fig. 3A, http://
links.Iww.com/CCX/B306).

However, the trend over the first 10 days of admission
was different, with a peak of LSM at day 5 in sponta-
neous survivors and afterward a reduction during the
recovery phase. Conversely, patients deceased or requir-
ing LT within the following 90 days showed a persist-
ently increased LSM. This was significantly different
at day 7 of admission between the two groups (Fig. 3).
Furthermore, the ratio between day 7 LSM and baseline
showed a trend, although not significant, of increment in
ALF patients with poor prognosis (Supplementary Fig.
3A, http://links.Iww.com/CCX/B306). Similar results
were found if considering the disease onset rather than
the admission as day 1 (Supplementary Fig. 4, http://
links.Iww.com/CCX/B306), after day 8 of illness patients
spontaneously survived had consistently reduced values
of LSM compared with the ones with poor prognosis.

Portal vein flow was reduced in ALF and was stable
during the first week with increase in velocity at days 9-10
in patients alive at 90 days postadmission and a signif-
icant difference between baseline and day 10 (Fig. 4). In
patients with poor prognosis, the trend is less stable with
detection also of reverse flow;, and without difference be-
tween baseline and end of the follow-up.

LSM Dynamic Changes During Admission
Might be Related to Liver Synthetic Function
and Coagulation Cascade in ALF

No correlation was found with the amount of nora-
drenaline used (Spearman r = 0.2846), the MAP (r =
-0.109), the central venous pressure (CVP) (r=0.1544),

the heart rate (r = 0.0974),

the SVRI (r = -0.3440), the
" SVV  (r = -0.1941),

the ELWI (r = 0.0455), the
s GEDVI (r = 0.0944). Only
CI was directly correlated
with LSM (Spearman r =
0.4414, p = 0.0348).

At admission,  sol-
uble platelet-endothelial
cell adhesion molecule-1
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Figure 2. Vascular indices in acute liver failure. A, At admission, portal vein flow was reduced in both
acute liver failure (ALF) (19.94 14cm/s) and acute-on-chronic liver failure (ACLF) (14.6+17cm/s)
compared with controls (379 16.cm/s) (Kruskall-Wallis), with some cases of reverse flow. B, No
difference is seen in hepatic artery resistive index (HARI), between ALF 0.71+0.1, ACLF 0.71+0.1,
healthy control (HC) individuals 0.74£0.1 (analysis of variance). *p < 0.05, “p<0.01, **p<0.001,

**p<0.0001. ns = not statistically significant.
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ACILF HC

ferent between ALE ACLE
and HC individuals, whereas
vWF was increased in acute
liver failure  syndromes
(ALF = 182.9+149.6,
ACLF =215.6+150.8 pg/mL)
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Figure 3. Trends in liver stiffness during the study period. The trend
over the first 10 days of admission is different with a peak of liver
stiffness measurement (LSM) at day 5 in spontaneous survivors and
following reduction during the recovery phase. Conversely, patients
deceased or requiring liver transplants within the following 90 days
show a persistently increase LSM. "p < 0.05, "p<0.01, ™p<0.001,
"*p<0.0001.

compared with HC individuals (36.76+14.5) (Kruskall-
Wallis p = 0.0001) (Supplementary Fig. 5A, http://links.
lww.com/CCX/B306).

No correlation was found between sSPECAM-1 (r =
0.565) or VWF(r = —0.335) and LSM at admission.

Proinflammatory cytokines were increased in
both liver failure syndromes compared with controls
(Supplementary Fig. 5C, http://links.lww.com/CCX/
B306); however, no cytokines or liver function tests
(including bilirubin, AST, ALP, gamma-glutamyl
transferase (GGT), international normalized ratio
[INR], APTR, and fibrinogen) were correlated with
the LSM at baseline. Interestingly at day 7, LSM was
directly correlated with INR (Spearman r = 0.6447, p =
0.0029), APTR (r=0.8176, p < 0.0001), and fibrinogen
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Figure 4. Trends in portal venous flow during the study period. A, Portal vein flow is reduced in acute liver failure (ALF), stable during
the first week with increase in velocity at days 9—10 in patients alive at 90 days postadmission, with a significant difference between
baseline and D10. In patients with poor prognosis, the trend is less stable with detection also of reverse flow, and without difference
between baseline and end of the follow-up. B, Example of increase in portal vein velocity in acute liver failure at day 10 compared with
baseline, time-averaged peak velocity (TAPV) 14.2 cm second day 1 vs. 20.8cm/s on day 10. ‘p < 0.05, *p<0.01, **p < 0.001,

5 < 0,0001.
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(r = -0.5215, p = 0.022) but not with AST, bilirubin,
or platelets count (Supplementary Fig. 3C, http://
links.Ilww.com/CCX/B306). Multiple linear regression
was used to test if bilirubin, fibrinogen, platelets, and
LSM at day 7 significantly predicted mortality or LT
within 90 days. The overall regression was statistically
significant (R? = 0.788, F(4-14) = 12.390, p < 0.001).
Additionally, coeflicients were further assessed to as-
certain the influence of each of the factors and it was
found that bilirubin (B = 0.001, t = 2.817, p = 0.014)
and fibrinogen (B = -0.223, t = -3.589, p = 0.003) sig-
nificantly predicted mortality.

Cytoplasmic Cholestasis was Directly
Correlated With High LSM

Ten ALF explants and six ACLF explants/biopsies
were analyzed. All ACLF samples presented cir-
rhosis, as per the definition, whereas the ALF case
did not show any fibrosis. Confluent hepatocellular
necrosis characterized ALF (mean score 4, vs. ACLF
mean score 0.3), while intralobular inflammation
was a feature present in both diseases (mean score
2 in ALF and 2.5 in ACLF). Cholestasis, in partic-
ular in the cytoplasmic compartment was present
mainly in ACLF (mean score 1.6, vs. ALF mean
score 0.8) and correlated with high values of LSM
(Spearman r = 0.54, p = 0.034) (Supplementary Fig.
5B, http://links.lww.com/CCX/B306). Ballooning
(mean score ACLF 1.3 vs. ALF 1.4) and steatosis
(ALF micro 11.5+ 12, macro 27.8 +28.8% vs. ACLF
micro 5.8 £6.6%, macro 31.6 +28.2%) was not cor-
related with LSM.

DISCUSSION

The aim of this pilot study was to assess the reliability
and feasibility of ultrasound and elastography moni-
toring in patients with acute liver failure.

The current transplant criteria identify ALF patients
with poor prognosis with 58% sensitivity and 89%
specificity (10) thus there is an urgent need for new
bedside tools to aid in prognostication. We evaluated
the prognostic role of LSM in the context of ALF given
the conflicting evidence in the literature and lack of
comparison with ACLE

Upon admission to liver intensive care, usually
within the first 48 hours postacute insult, there was

8 www.ccejournal.org

no difference in LSM between patients who sponta-
neously survived and those who died or were trans-
planted within the following 90 days.

However, the trend during the first 10 days of ad-
mission was different between the two groups. LSM
peaked at day 5 in spontaneous survivors with subse-
quent reduction during the recovery phase. In contrast,
patients with a poor prognosis exhibited persistently
increased LSM, and by day 7 of admission, the two
groups displayed statistically different LSM values. We
also calculated a ratio between day 7 LSM and base-
line, which showed a trend, although not statistically
significant, of increment in patients with a poor prog-
nosis. Similarly, analyzing the data according to disease
onset and therefore excluding the subacute live failure
patients that constituted a separated group, by day 8 of
illness the patients with poor prognosis showed a pro-
gressively increased LSM.

Our results also demonstrate that LSM and spleen
size and stiffness have potential in the triage of patients
presenting to intensive care with features of acute liver
failure. Preexisting liver diseases are often unknown
and a liver biopsy might not be available in a timely
manner, but ACLF patients show remarkably elevated
measurements of liver stiffness compared with ALF
and values usually seen in stable cirrhosis.

Elastography finds, indeed, one of its major applica-
tions in chronic liver disease, gaining a role in nonin-
vasive assessment of liver fibrosis, cirrhosis (25), and
portal hypertension (11). It has been also included in
the Baveno VII criteria to describe clinically significant
portal hypertension (CSPH) (26). Despite being less
studied increased portal pressure gradient is one of the
features of ALF, associated with systemic vasodilation
and a hyperkinetic circulatory state, with decreased ar-
terial pressure and peripheral resistance, and increased
cardiac output (27, 28).

In our cohort portal vein flow was reduced in ALF
and remained stable during the first week, with in-
crease in velocity at days 9-10 in patients alive at 90
days postadmission. This change showed a reversibility
of portal hypertension once the liver injury improved.

We hypothesized that in part what we measure with
elastography could be secondary to vascular changes,
portal hypertension, and liver congestion, even if there
are probably multiple factors leading to the increased
stiffness in ALE. Recent literature indeed emphasizes
the importance of liver stiffness in heart failure (20,
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29) as a measure of liver congestion correlated with
CVP. To exclude a possible confounder due to the car-
diovascular status of these patients, we used invasive
cardiac monitoring measurements assessing CVP to-
gether with other hemodynamic parameters. Only CI
was found to be correlated with high LSM.

In cases of acute liver injury, thromboinflammation-
mediated liver damage with deposition of platelet-rich
thrombi within hepatic sinusoids (30) has been re-
ported. Therefore we measured circulating vVWF and
PECAM-1. vWF has been shown to correlate with he-
patic venous pressure gradient (31, 32) and is predic-
tive of CSPH. This is a glycoprotein involved in arterial
thrombus formation, released into the circulation by
endothelial cells. It is known that vWF levels are el-
evated in patients with ALF (33, 34) and conversely,
ADAMTSI13 (also known as vWF-cleaving protease)
activity is usually low. No correlation was found be-
tween VWE sPECAM-1, and the increased LSM at
admission suggesting flow in the larger vessels as
opposed to microcirculatory thrombi was driving this
association.

No cytokines or liver function tests (including bili-
rubin, AST, ALP, GGT, INR, APTR, or fibrinogen) were
found to be correlated with the LSM at baseline; how-
ever, at day 7, LSM was directly correlated with INR,
APTR, and fibrinogen but not with AST, bilirubin, or
platelets count. This finding suggests that the persist-
ence of increased LSM is somehow related to synthetic
dysfunction rather than inflammation.

Furthermore, explants and biopsies from both ALF
and ACLF were analyzed and cytoplasmic cholestasis
correlated with increased LSM but not with necrosis.

In ACLF the highest values were found in alcoholic
hepatitis, Wilson’s disease, and patients admitted for
upper gastrointestinal bleeding (LSM > 100 kPa). LSM
correlated directly with the size of the liver and this is
surprising and suggests that what we were measuring
was more than simple cirrhosis, in which the volume
is usually reduced. What is interesting is that the very
high LSM (> 50 kPa) was not explained by higher AST,
bilirubin, or IL-6.

Thus, the reason behind the increased liver stiffness
in acute liver failure syndromes still needs to be eluci-
dated but inflammation alone is insufficient to explain
it and cardiac output is an important determinant.

This was a pilot study to find the elements to build
a feasible and useful protocol. A better practice could

Critical Care Explorations

be a triage scan at baseline to correctly identify chronic
for pure acute patients with a follow-up between days 5
and 7 of admission and a late scan at day 10 and after to
help with prognostication and in the decision-making
regarding the recovery. We acknowledge the presence
of overlap of values between ACLF and ALF and we
feel that data are not sufficient at this point to provide a
clear cutoff criterion to prognosticate or discriminate.
Furthermore, this study lacks external validation, but
we aim to overcome all these limitations during future
studies. The role of plasmapheresis in changing the in-
flammatory microenvironment and therefore poten-
tially LSM was not assessed due to the small number
of patients undertaking this procedure (n = 13), but
will be included in future larger studies as an impor-
tant covariate.

This is a real-life setting so as expected not all
patients had all 10-day measurements due to clinical
endpoints such as LT, discharge, or death before the
end of the protocol. Furthermore, LT affects the nat-
ural history for acute liver failure, and patients who
completed the 10 days of admission with conserva-
tive treatment either did not fulfill the King’s College
Criteria or were excluded due to psychosocial reasons,
which could represent a selection bias.

The lack of invasive hepatic pressure monitoring is
another limitation in this setting, but at the same time,
these patients are too unstable to go to the hemody-
namic liver laboratory and are seldom clinically in-
dicated. The reproducibility of the technique was not
assessed, since all the measurements were done by a
single operator and this will be addressed in future
studies.

CONCLUSIONS

In ALF liver stiffness is increased, but less than in
ACLE and peaks at day 5 of admission with subse-
quent reduction in patients spontaneously survived.
Cardiovascular changes, inflammatory markers,
cytokines, vVWE, and sPECAM-1 cannot yet explain
the increased LSM; however at day 7 it is correlated
with synthetic dysfunction (INR, APTR, and fibrin-
ogen). Histology suggests that cytoplasmic cholestasis
may contribute to higher stiffness. Further studies, in
a larger cohort, are needed to better understand the
diagnostic role of liver stiffness in acute liver failure
and whether the addition of these values to existing
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prognostic criteria could improve their sensitivity and
specificity.
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