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Introduction: Despite intensive research, reliable blood-derived parameters to detect
clinically significant portal hypertension (CSPH) in patients with cirrhosis are lacking. As
altered homeostasis of cyclic guanosine monophosphate (cGMP), the central mediator
of vasodilatation, is an essential factor in the pathogenesis of portal hypertension, the
aim of our study was to evaluate plasma cGMP as potential biomarker of cirrhotic
portal hypertension.

Methods: Plasma cGMP was analyzed in cirrhotic patients with CSPH (ascites, n = 39;
esophageal varices, n = 31), cirrhotic patients without CSPH (n = 21), patients with
chronic liver disease without cirrhosis (n = 11) and healthy controls (n = 8). cGMP was
evaluated as predictor of CSPH using logistic regression models. Further, the effect of
transjugular intrahepatic portosystemic shunt (TIPS) placement on plasma cGMP was
investigated in a subgroup of cirrhotic patients (n = 13).

Results: Plasma cGMP was significantly elevated in cirrhotic patients with CSPH
compared to cirrhotic patients without CSPH [78.1 (67.6-89.2) pmol/ml vs. 39.1
(85.0-45.3) pmol/l, p < 0.001]. Of note, this effect was consistent in the subgroup
of patients with esophageal varices detected at screening endoscopy who had no
prior manifestations of portal hypertension (p < 0.001). Cirrhotic patients without CSPH
displayed no significant elevation of plasma cGMP compared to patients without cirrhosis
(p = 0.347) and healthy controls (p = 0.200). Regression analyses confirmed that cGMP
was an independent predictor of CSPH (OR 1.042, 95% Cl 1.008-1.078, p = 0.016).
Interestingly, portal decompression by TIPS implantation did not lead to normalization of
plasma cGMP levels (o = 0.101).

Conclusions: Plasma cGMP is a promising biomarker of CSPH in patients with
cirrhosis, especially with respect to screening for esophageal varices. The lacking
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cGMP Marker of Portal Hypertension

normalization of plasma cGMP after portal decompression suggests that elevated
plasma cGMP in cirrhotic portal hypertension is mainly a correlate of systemic and
splanchnic vasodilatation, as these alterations have been shown to persist after

TIPS implantation.

Keywords: cyclic guanosine monophosphate, liver cirrhosis, portal hypertension, varices, transjugular
intrahepatic portosystemic shunt (TIPS)

INTRODUCTION

The development of clinically significant portal hypertension
(CSPH) is a milestone in the disease progression of liver
cirrhosis as it underlies numerous complications such as
variceal bleeding, ascites and hepatorenal syndrome and is
associated with significantly reduced survival (1). Accordingly,
diagnosis of CSPH is of great prognostic relevance. The gold
standard for the diagnosis of portal hypertension is invasive
hepatic venous pressure gradient (HVPG) measurement (2).
Despite intensive research on alternative, non-invasive tools to
detect CSPH, no reliable blood-derived parameters or scoring
systems for this purpose could be implemented into clinical
care so far (3). Several studies in the animal model have
demonstrated that altered homeostasis of cyclic guanosine
monophosphate (cGMP), the central mediator of vasodilatation,
is a substantial pathomechanism of cirrhotic portal hypertension:
While intrahepatic cGMP activity is decreased, cGMP activity
is increased in extrahepatic blood vessels, contributing to the
state of sinusoidal constriction and systemic and splanchnic
vasodilatation pathognomonic for advanced liver cirrhosis (4-
7). These data suggest that altered plasma cGMP levels could be
an indicator of the presence of portal hypertension in patients
with cirrhosis. Therefore, the aim of our study was to investigate
alterations of plasma c¢cGMP in different stages of chronic
liver disease and to evaluate cGMP as a potential biomarker
of CSPH.

MATERIALS AND METHODS

Patient Selection

In total, 110 participants were enrolled in the study. This included
70 cirrhotic patients with CSPH: 39 patients had ascites and
31 patients had esophageal varices. All varices patients were
free of ascites at the time of study inclusion and in the past.
Twelve of the 31 patients had a history of variceal bleeding,
while in 19 patients varices were not previously known, but
detected during screening endoscopy (with no bleeding at
the time of diagnosis). Further, 21 cirrhotic patients without
CSPH, 11 patients with chronic liver disease without liver
fibrosis or cirrhosis and eight healthy controls were included.
Patients were recruited during in- or out-patient treatment at the

Abbreviations: APRI, aspartate-aminotransferase to platelet ratio index; cGMP,
cyclic guanosine monophosphate; CSPH, clinically significant portal hypertension;
HVPG, hepatic venous pressure gradient; MELD, Model of End Stage Liver
Disease; PC/SD, platelet count/spleen diameter; PSG, portosystemic pressure
gradient; TIPS, transjugular intrahepatic portosystemic shunt.

University Medical Center Freiburg, Germany, between 06/2017
and 12/2019.

Diagnosis of liver cirrhosis was based on distinct sonographic,
clinical and laboratory findings. Liver function was assessed
using the Child-Pugh score and the Model of End Stage
Liver Disease (MELD). In patients with CSPH, the presence
of ascites was confirmed by sonography and the presence of
clinically relevant varices according to the Baveno VI consensus
definition (medium or large varices requiring treatment by
non-selective betablockers or endoscopic band ligation) was
assessed by endoscopy (8). In cirrhotic patients without
CSPH, the absence of varices and ascites was verified by
means of endoscopy and sonography and the medical records
were reviewed to exclude a history of varices or ascites.
In patients with chronic liver disease without liver fibrosis
this was confirmed by sonography and transient elastography
(liver stiffness < 6.5 kPa). Apart from chronic liver disease,
patients had no other severe cardiovascular, respiratory, renal or
metabolic conditions.

Assessment of CGMP Levels

Venous blood samples were obtained from all participants
at the time of study inclusion. Blood samples were
centrifuged immediately and plasma was stored at —80°C
until ¢cGMP measurement. In 13 patients with cirrhosis,
additional blood samples were obtained between one
and 12 months after implantation of a transjugular
intrahepatic portosystemic shunt (TIPS) to study the effects of
portal decompression.

CGMP levels were determined in plasma using an enzyme-
linked immunosorbent assay (ELISA) by Research & Diagnostic
Systems Inc., MN, US (KGE003). Sample preparation and
conduction of the assay were performed according to the
manufacturer’s specifications.

Patients’ Consent and Ethics Approval

All patients gave written informed consent to their participation.
The study was approved by the local ethics committee of the
University of Freiburg, Germany, (no. EK 85/19) and is in
accordance with the Declaration of Helsinki.

Statistical Analyses

The study was a comprehensive analysis of plasma cGMP levels
of patients in different stages of chronic liver disease and portal
hypertension. Categorical variables are expressed as absolute
and relative frequencies, continuous variables as median with
interquartile range. In the absence of a Gaussian distribution of
the data, differences between patient groups were assessed by
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TABLE 1 | Patient characteristics.

Cirrhosis with CSPH Cirrhosis No cirrhosis Controls
(n = 70) no CSPH (n=11) (n=8)
(n=21)
Ascites Varices
(n=39) (n=31)

Age [years] 60 (56-72) 60 (55-66) 61 (54-67) (41-63) 8 (42-58)
Sex
Male 28 (71.8) 21 (67.7) 15 (71.4) 7 (63.6) 4 (50.0)
Female 11(28.2) 10 (32.3) 6 (28.6) 4 (36.4) 4 (50.0)
Etiology
Viral 6 (15.4) 6(19.4) 15(71.4) 8(72.7)
Alcoholic 29 (74.4) 16 (51.6) 1(4.8)
Other 4(10.2) 9(29.0) 5(23.8) 3(27.9)
Child-Pugh
A 4(10.3) 20 (64.5) 18(85.7)
B 26 (66.7) 9(29.0) 3(14.3)
C 9(23.1) 2(6.5) 0
MELD 11 (8-13) 10 (8-14) 7 (7-8)
Platelets [10"3/pl] 118 (83-161) 84 (54-119) 124 (98-190) 238 (221-270)
INR 2(1.1-1.2) 1.2(1.1-1.3) 0(1.0-1.1) 0(0.9-1.0)
Bilirubin [mg/dl] 1.0 (0.7-2.2) 1.3(0.9-2.3) 0.6 (0.4-1.0) 5(0.4-0.7)
Albumin [g/dl] 1(2.8-3.3) 4.2 (3.6-4.3) 6 (4.2-4.8) 4.6 (4.4-4.7)
Creatinine [mg/dl] 1.2 (0.9-1.7) 0.8 (0.7-1.1) 0.9 (0.8-1.1) 0(0.8-1.1)
AST (U/)) 47 (36-72) 46 (34-63) 46 (30-58) 27 (22-39)
ALT (U/) 24 (20-35) 35 (28-42) 43 (28-63) 41 (25-85)
Spleen diameter [mm] 130 (120-160) 150 (130-180) 125 (110-145) 110 (90-120)
Lok index 1.51 (0.98-2.51) 2.1 (1.31-2.59) 0.63 (—0.42-1.07) —1.63 (—=2.21-1.20)
APRI 0.71(0.46-1.13) 1.26 (0.58-2.15) 0.53 (0.42-1.08) 0.23 (0.16-0.33)
PC/SD ratio 804 (626-1.309) 590 (376-1.032) 946 (718-1.736) 2,164 (2046-2.700)

APRI, aspartate-aminotransferase to platelet ratio index; ALT, alanine-aminotransferase; AST, aspartate-aminotransferase; CSPH, clinically significant portal hypertension; INR,
international normalized ratio; MELD, Model of End Stage Liver Disease; PC/SD ratio, platelet count/spleen diameter ratio.

Chi square tests for categorical variables and by Mann Whitney
U, Wilcoxon rank sum or Kruskal Wallis tests, as applicable,
for continuous variables. Predictors of CSPH were evaluated
by fitting uni- and multivariable logistic regression models.
Demographic data, etiology of liver disease and the MELD
score as measure of liver function were included in the models.
Further, the Lok index and the aspartate-aminotransferase to
platelet ratio index (APRI) as fibrosis scores were included,
as they showed good performance in the detection of CSPH
previously (9). Due to the limited number of patients, the scores
were entered into multivariable regression separately in order
minimize bias by interactions. Further, the platelet count/spleen
diameter (PC/SD) ratio was included (10). A p value of < 0.05
was considered significant.

RESULTS

Patient Characteristics

Table 1 summarizes patient characteristics. Cirrhotic patients
with and without CSPH were of comparable age and gender
distribution with a median age of 60 (55-67) and 61 (54-67)

years (p = 0.925) and a majority of 49 (70.0%) and 15 (71.4%)
males, respectively (p = 0.900). As to be expected, patients with
CSPH had more advanced liver disease, highlighted by a MELD
score of 11 (8-14) in comparison to patients without CSPH with a
MELD score of 7 (7-8; p = 0.007). Alcoholic liver disease was the
leading etiology in patients with CSPH (n = 45, 64.3 %), while
cirrhotic patients without CSPH mostly had viral liver disease
(n=15,71.4%).

Elevated Plasma cGMP Levels in Patients
With Clinically Significant Portal
Hypertension

Plasma cGMP was significantly elevated in cirrhotic patients with
CSPH in comparison to cirrhotic patients without CSPH [78.1
(67.6-89.2) pmol/ml vs. 39.1 (35.0-45.3) pmol/l, p < 0.001];
Figure 1. There was no significant difference in cGMP levels
between cirrhotic patients without CSPH compared to patients
with chronic liver disease without liver cirrhosis [40.3 (39.7-
46.3) pmol/l, p = 0.347] or healthy controls [35.0 (32.9-
39.1) pmol/l, p = 0.200]. The elevation in plasma cGMP
was independent of the manifestation of portal hypertension,
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FIGURE 1 | Plasma cGMP in patients in different clinical states of chronic liver
disease and clinically significant portal hypertension. Plasma cGMP was
significantly elevated in cirrhotic patients with CSPH in comparison to cirrhotic
patients without CSPH [78.1 (67.6-89.16) pmol/ml vs. 39.1 (35.0-45.3)
pmol/l, p < 0.001]. There was no significant difference in cGMP levels
between cirrhotic patients without CSPH compared to patients with chronic
liver disease without liver cirrhosis [40.3 (39.7-46.3) pmol/l, p = 0.347] or
healthy controls [35.0 (32.9-39.1) pmol/l, p = 0.200]. For better visualization
cGMP measurements of two patients with CSPH (320.1 pmol/ml and 249.6
pmol/l) and one cirrhotic patient without CSPH (249.2 pmol/l) are plotted at
150 pmol/l. **p < 0.001; *p < 0.05; ns, not significant.

as there was no significant difference between patients with
varices and patients with ascites [76.9 (70.3-93.1) pmol/ml
vs. 78.9 (69.1-93.0) pmol/l, p = 0.537]; Figure2. Of note,
the subgroup of patients with esophageal varices detected
during screening endoscopy without other manifestations of
portal hypertension also displayed significantly elevated plasma
cGMP [74.3 (67.0-85.0) pmol/l] in comparison to cirrhotic
patients without CSPH (p < 0.001); Figure 3. Comparison of
etiologies of liver disease among patients with CSPH revealed
no significant difference in plasma cGMP between patients
with alcoholic liver disease [76.8 (69.1-87.7 pmol/l)], viral
liver disease [75.5 (61.6-87.0 pmol/l)] and other etiologies
[87.5 (71.8-97.5) pmol/l], p = 0.246.

Evaluation of Plasma cGMP as Predictor of

Clinically Significant Portal Hypertension

To explore the predictive effect of plasma c¢cGMP for the
presence of CSPH and to adjust for differences between
patient groups, potential predictors of portal hypertension
were included in a regression model. Multivariable regression
demonstrated that plasma cGMP indeed was an independent
predictor of CSPH (OR 1.042, 95% CI 1.008-1.078, p = 0.016),
besides viral liver disease (OR 0.032, 95% CI 0.003-0.415,

ns

150 oo

100

50

cGMP [pmol/l]

FIGURE 2 | Plasma cGMP in cirrhotic patients with varices and ascites.
Plasma cGMP levels were independent of the manifestation of portal
hypertension, as there was no significant difference between varices patients
with varices and patients with ascites [76.9 (70.3-93.1) pmol/ml vs. 78.9
(69.1-98.0) pmol/l, p = 0.537]. For better visualization cGMP measurements
of two ascites patients (320.1 pmol/ml and 249.6 pmol/l) are plotted at 150
pmol/l. ns, not significant.

p = 0.008) and the Lok index (OR 1.650, 95% CI 1.006-2.708,
p = 0.047); Table 2.

Effects of Non-selective Beta Blocker
Treatment and Transjugular Intrahepatic
Portosystemic Shunt Placement on Plasma

cGMP

Of the 12 included patients with a history of variceal bleeding,
seven patients (58.3%) received treatment with non-selective
beta blockers (NSBBs) for secondary prophylaxis of variceal
hemorrhage. Comparison with the five patients (41.7%) without
NSBB treatment showed no significant difference in plasma
c¢GMP between the groups [84.7 (65.1-87.5) pmol/l vs. 85.1
(75.9-87.1), p = 0.999].

The effect of portal decompression on plasma cGMP
was studied in 13 cirrhotic patients who underwent TIPS
implantation. The patients’ pre-TIPS portosystemic pressure
gradient (PSG) was 20 (19-28) mmHg. Graphical exploration
revealed no unequivocal link of plasma cGMP to pre-TIPS
PSG measurements; Supplementary Figure 1. TIPS placement
reduced the patients’ PSG to 11 (10-12) mmHg. Following TIPS
implantation, plasma ¢cGMP showed a decrease in 10 out of
13 patients (76.9 %); Figure 4. However, the intra-individual
changes in cGMP levels were not significant (p = 0.101).

DISCUSSION

Besides fibrotic re-modeling of the liver tissue, impaired
vasotonus regulation is the most important factor in the
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pathogenesis of portal hypertension in liver cirrhosis (11).
Various studies in the animal model of portal hypertension
have demonstrated decreased hepatic ¢cGMP activity with
reflectively increased splanchnic and systemic cGMP activity
(4-7). These alterations are believed to be a major contributing
factor to the state of profuse hepatic vascular resistance
and hyperdynamic splanchnic and systemic circulation that
characterizes cirrhotic portal hypertension (12, 13). This
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FIGURE 3 | Plasma cGMP in patients with varices diagnosed at screening
endoscopy in comparison to cirrhotic patients without clinically significant
portal hypertension. Patients with esophageal varices detected by screening
endoscopy without other manifestations of portal hypertension displayed
significantly elevated plasma cGMP in comparison to cirrhotic patients without
CSPH [74.3 (67.0-85.0) pmol/l vs. 39.1 (35.0-45.3) pmol/l, p < 0.001]. For
better visualization the cGMP measurement of one patient without CSPH
(249.2 pmol/l) is plotted at 150 pmol/l. ***p < 0.001.

pathophysiological background suggests that ¢cGMP could
be a biomarker of portal hypertension. As the diagnosis
of CSPH in patients with cirrhosis is of great prognostic
relevance, means to detect and monitor CSPH foregoing the
invasive gold standard of HVPG measurement are subject to
intensive research. First, a variety of promising instrument-
based parameters such as transient elastography or magnetic
resonance imaging have been investigated in this context
(14-16). Second, different blood-derived parameters and
scoring systems have been evaluated (9, 17). In comparison
to instrument-based methods, a broad availability and
uncomplicated conduction may be considered potential
benefits of blood-derived tests. However, no reliable blood-
derived parameters could be incorporated into clinical routine
so far (3). Against this background, we set out to investigate
alterations of plasma c¢cGMP in chronic liver disease with
special focus on evaluating its potential as a biomarker
of CSPH.

Indeed, we observed significantly increased plasma cGMP in
patients with cirrhosis who had CSPH compared to cirrhotic
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FIGURE 4 | Effect of transjugular intrahepatic portosystemic shunt placement
on plasma cGMP. Following TIPS implantation, plasma cGMP showed a
decrease in 10 out of 13 patients (76.9 %). However, the intra-individual
changes in cGMP levels did not reach significance (p = 0.101). ns, not
significant.

TABLE 2 | Logistic regression models of predictors of clinically significant portal hypertension.

Univariable regression

Multivariable regression

Parameters OR 95% ClI p-value OR 95% CI p-value
Male gender 1.256 0.550-2.872 0.588

Age 1.043 1.006-1.081 0.022

Viral liver disease 0.153 0.063-0.370 <0.001 0.032 0.003-0.415 0.008
MELD 1.166 0.977-1.392 0.089

cGMP 1.076 1.047-1.106 <0.001 1.151 1.058-1.252 0.001
PC/SD ratio 0.999 0.998-0.999 <0.001

Lok index 1.706 1.230-2.366 0.001 1.650 1.006-2.708 0.047
APRI 2.842 1.202-6.716 0.017

APRI, aspartate-aminotransferase to platelet ratio index; cGMF, cyclic guanosine monophosphate; MELD, Model of End Stage Liver Disease; PC/SD ratio, platelet count/spleen

diameter ratio.
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patients without CSPH (p < 0.001). Logistic regression analyses
adjusting for factors such as liver function confirmed that
plasma ¢cGMP was an independent predictor of CSPH in the
patient collective investigated. These results are in conformity
with previous reports of elevated plasma ¢cGMP in patients
with cirrhosis and CSPH in smaller patient collectives (18-21).
In contrast to previous studies, we systematically investigated
patients in different clinical states of portal hypertension.
Here, we observed that plasma ¢cGMP was not linked to the
manifestation of portal hypertension, as there was no significant
difference between patients with varices and patients with ascites.
Further sub-analyses revealed that the group of patients with
varices detected during screening endoscopy and no prior
manifestations of portal hypertension also displayed significantly
elevated cGMP levels in comparison to cirrhotic patients without
portal hypertension (p < 0.001). Naturally, prediction of CSPH
by non-invasive markers is most relevant in this early stadium
of portal hypertension in which the condition has not yet
been unmasked by variceal hemorrhage or the development
of ascites. Hence, this finding suggests that cGMP could be a
valuable parameter in screening for esophageal varices. Another
important aspect of our study is that we also incorporated
patients with chronic liver disease without liver fibrosis and
healthy controls. Notably, their plasma cGMP levels were not
significantly different from those of cirrhotic patients without
portal hypertension. This finding supports the conclusion that
elevated plasma cGMP is indeed primarily related to the
development of portal hypertension and not to liver cirrhosis
alone. Further, we studied the effects of TIPS placement on
plasma cGMP in a subset of cirrhotic patients. Here, we observed
no significant decrease in plasma cGMP after TIPS implantation.
Prior studies have shown that while the portosystemic shunt
offers effective portal decompression, it does not resolve the
state of systemic vasodilatation characteristic of cirrhotic portal
hypertension (22-24). Considering this aspect, the persistent
elevation of plasma cGMP after TIPS insertion suggests that
altered plasma cGMP in cirrhotic portal hypertension is mainly
a correlate of systemic vasodilatation. In any case, this finding
argues against a usefulness of cGMP for monitoring the absence
or recurrence of portal hypertension after TIPS implantation
on a pathophysiological basis. However, future studies in
larger patient collectives should investigate the relation between
response of plasma cGMP and clinical response following TIPS
placement. Furthermore, the effect of treatment with NSBBs
on plasma cGMP was studied in patients with a history of
variceal bleeding. Comparison of patients who received NSBBs
for secondary prophylaxis of variceal hemorrhage to patients
without a NSBB medication revealed no significant difference
in plasma cGMP between the patient groups. Importantly, in
patients with NSBB treatment no plasma cGMP measurements
prior to commencement of NSBB therapy were available as
reference in the present study, so an impact of NSBBs on plasma
c¢GMP cannot be excluded on the basis of the present results.
Another aspect that needs to be addressed is the impact of co-
morbidities on plasma ¢cGMP. For example, elevated plasma
c¢GMP levels have been described in patients with congestive
heart failure (25). To minimize bias regarding this aspect

we only included patients who had no severe internistic co-
morbidities. However, future studies will have to consider the
influence of co-morbidities when evaluating the specificity of
elevated plasma cGMP for the prediction of CSPH in patients
with cirrhosis.

Our study has some limitations that need to be discussed:
We incorporated 110 patients and controls in our analysis,
which was a sufficiently high number to detect significant
differences in plasma cGMP between patients in different
stages of chronic liver disease and portal hypertension.
Still, it is important to keep in mind that our results are
derived from a limited number of patients in each subgroup.
Another limitation of our study are inhomogeneities between
patient groups. This aspect showed especially with respect
to etiology of liver disease: While alcoholic liver disease
was the leading etiology in patients with CSPH, patients
without CSPH mostly had viral liver disease. To adjust for
this fact, we applied logistic regression models. Importantly,
plasma cGMP prevailed as independent predictor of CSPH in
multivariable regression. Still, further studies in larger, more
homogeneous patient collectives are necessary to confirm the
findings of the present study and to systematically investigate
if plasma ¢cGMP levels are affected by different etiologies of
liver disease.

In conclusion, the present study demonstrates that plasma
c¢GMP homeostasis is significantly altered in cirrhotic patients
with CSPH. Our results propose that cGMP could serve as
a blood-derived biomarker of CSPH, especially with respect
to screening for esophageal varices. Follow-up studies are
necessary to evaluate plasma cGMP’s diagnostic performance in
the prediction of CSPH in comparison to other non-invasive
parameters and scoring systems.
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Coagulation and fibrinolysis disorders are major prognostic factors in hepatitis B
virus-related acute-on-chronic liver failure (HBV-ACLF) patients. Here, we aimed to clarify
the role of disseminated intravascular coagulation (DIC) scores in predicting HBV-ACLF
patient prognosis. We assessed the DIC score from HBV-ACLF patients at Huashan
Hospital in Shanghai, China from June 2013 to May 2021 and evaluated it in relation to
short-term mortality, clinical course, and infection. A novel prognostic scoring model was
proposed based on DIC scores. A total of 163 transplant-free HBV-ACLF patients were
enrolled. DIC scores were higher in non-survivors than survivors (6 vs. 4, P = 0.000) and
were independently associated with short-term mortality [hazard ratio (HR): 1.397, 95%
confidence interval (95% CI): 1.040-1.875, P = 0.026]. DIC scores were associated with
ACLF grade, clinical course, and infection. Moreover, they were correlated with model for
end-stage liver disease (MELD) scores (r =0.521, P < 0.001). The area under the receiver
operating curve (auROC) of CLIF-C OF-DICs [a novel prognostic score based on age, DIC
score, and Chronic liver failure-consortium organ function score (CLIF-C OFs)] for 90-day
mortality was 0.936, which was higher than six other generic prognostic scoring models.
These results were confirmed in a validation cohort (n = 82). In conclusion, elevated DIC
score is associated with poor prognosis in HBV-ACLF patients, and can be used jointly
with CLIF-C OFs to improve the accuracy of prognosis prediction.

Keywords: prognosis, acute-on-chronic liver failure, DIC score, coagulation, prognostic score

INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a syndrome characterized by acute deterioration of
pre-existing chronic liver disease and associated with substantial short-term mortality (1), with
an overall 28-day mortality of 30-50% and a 90-day mortality of 50-80%. In the Asian-Pacific
and African regions, hepatitis B virus (HBV) infection is the main cause of ACLF resulting
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in HBV-related ACLF (HBV-ACLF). Its common precipitating
factor is hepatitis B flare (2), and it presents with higher
severity and mortality as well as a higher prevalence of liver and
coagulation failure.

Coagulation disorders are common in ACLE especially in
HBV-ACLE and they play a significant role in the prognosis
evaluation of liver disease (3). The coagulation system consists of
a coagulation promoting system and an anticoagulation system.
The former mainly involves platelets and clotting factors, while
the latter includes anticoagulants and the fibrinolytic system
(4). In ACLE the patient’s perturbed hemostatic system is often
precariously rebalanced by off-setting factors, with declines in
thrombocytes, liver-derived procoagulant factors (such as factors
V, VII, and X), and anticoagulant factors (especially protein C)
concurrent with increases in endothelial-derived von Willebrand
factor (VWF) and factor VIII. The net result is a thrombin-
generating capacity comparable to or even increased relative to
healthy individuals (5, 6). The international normalized ratio
(INR) is the most widely used indicator of ACLF prognosis
(1, 2, 7-9). It mathematically standardizes prothrombin time
(PT) to allow PT results from different laboratories to be
compared. However, it is accurate only for values within 1.5-
4.5, and it only reflects the extrinsic coagulation pathway and
does not include liver-derived anticoagulant factors (4). The
disseminated intravascular coagulation (DIC) score is a classical
diagnostic scoring system; it includes platelet counts, fibrin-
related markers, fibrinogen, and PT (10). Consequently, it more
comprehensively reflects the coagulation system than any single
standard coagulation test. DIC is a syndrome characterized by
widespread intravascular activation of coagulation leading to
substantial fibrin deposition. It can be induced by infection (such
as sepsis) or non-infection (such as severe hepatic failure) (11).
DIC score has been demonstrated to be an independent predictor
of organ failure and mortality in sepsis (12). The effects of sepsis
on coagulation are complex and are similar to those of ACLF on
hemostasis, especially when sepsis-induced DIC occurred (6, 13).
However, no study has yet explored the relationship between DIC
score and ACLF.

The purpose of this retrospective, single-center study was to
assess the association between DIC score and HBV-ACLF patient
prognosis, as well as to build a novel prognostic scoring model
based on DIC score that can help with treatment decisions for
HBV-ACLF patients in the clinic.

METHODS

Patients

Two cohorts were enrolled in this study. For the derivation
cohort, 240 patients at Huashan Hospital, Fudan University, a
tertiary hospital in Shanghai, China, from June 2013 to May
2021 who met the Asian Pacific Association for the Study for the
Liver (APASL) HBV-ACLF criteria were consecutively enrolled;
77 were excluded. Sixteen patients withdrew during the third
month of follow-up. The validation cohort included 82 patients
treated at the Shanghai Public Health Clinical Center from May
2019 to May 2021 (detailed inclusion and exclusion criteria are
described in Figure 1 and Supplementary Method 1). This study

was conducted in accordance with the Helsinki Declaration and
was approved by the Ethical Committee of Huashan Hospital of
Fudan University and the Ethical Committee of the Shanghai
Public Health Clinical Center. Written informed consent was
obtained from each patient or their legal representative.

Data Collection

Detailed clinical characteristics were collected from medical
records or the hospital database, and these included blood
parameters (coagulative function, routine blood tests,
biochemical examination, alpha fetoprotein, and HBV index),
history of chronic disease, potential precipitating events,
history of antiviral therapy, ascites, infection, organ failure,
and treatments received. Chinese Group on the Study of Severe
Hepatitis B-ACLF (COSSH-ACLF) grades, European Association
for the Study of the Liver-ACLF (EASL-ACLF) grades and DIC
score were calculated at baseline/initial diagnosis (baseline was
the first day of admission for patients who met HBV-ACLF
criteria at admission; for those who didn’t, baseline was the day
of diagnosis) and on the final day (defined as the last day of the
28-day follow-up period or the last examination before death
or discharge from the hospital). Prognostic scores, including
model for end-stage liver disease (MELD) score (14), the chronic
liver failure-sequential organ failure assessment (CLIF-SOFA)
(1), CLIF Consortium Organ Failure score (CLIF-C OFs), CLIF
Consortium ACLF score (CLIF-C ACLFs) (7), COSSH-ACLFs
(2), and COSSH-ACLF IIs were calculated at diagnosis. Survival
information at days 28 and 90 was collected via medical records,
telephone interviews, or outpatient visits after discharge.

Definitions

The APASL criteria for ACLF are an acute hepatic insult
manifesting as jaundice (serum bilirubin > 5 mg/dL) and
coagulopathy (INR > 1.5 or prothrombin activity < 40%)
complicated with clinical ascites and/or hepatic encephalopathy
(HE) within 4 weeks in a patient with previously diagnosed or
undiagnosed chronic liver disease/cirrhosis (8). According to
the updated proposals (15, 16), when the above criteria were
met, patients with a history of decompensated cirrhosis were
also included.

The definitions of DIC score, organ failure, infection, ascites
grade, cirrhosis, COSSH-ACLF grades, EASL-ACLF grades,
clinical course, chronic hepatitis B, HBV reactivation, as well
as MELD, CLIF-C OFs, CLIF-C ACLFs, COSSH-ACLFs, and
CLIF-SOFA score are described in Supplementary Method 2.

All patients received standard medical treatment (detailed
information is given in Supplementary Method 3).

Statistical Analyses

All statistical analyses were performed using Graphpad 8.0
(Graphpad Software, San Diego, CA) and SPSS version 23
(SPSS, Chicago, IL). Categorical variables were expressed
as percentages (frequencies), and continuous variables were
expressed as medians (interquartile ranges). Categorical variables
were compared using the Chi-squared test or Fisher’s test.
Continuous variables were analyzed using the Mann-Whitney
U-test, the Kruskal-Wallis test, or the Wilcoxon matched-pairs
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were screened from June 2013 to May 2021 at Huashan were screened from June 2019 to May 2021 at Shanghai
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I DIC score assessment |

| Developed CLIF-SOFA-DIC score |

FIGURE 1 | Flow chart of the study design. A total of 77 patients from the derivation cohort were excluded for one or more of the following reasons: 29 had
hepatocellular carcinoma or other tumors; 12 had severe extra-hepatic diseases; 6 were receiving immunosuppressive drugs for reasons other than chronic liver
diseases; 6 complicated with alcoholic hepatitis; 1 complicated with schistosomiasis cirrhosis; 2 complicated with Wilson disease; 14 had received liver transplants
within 28 days; and 7 were lost to follow-up within 28 days. PA total of 42 patients in validation cohort were excluded for one or more of the following reasons: 13 had
hepatocellular carcinoma or other tumors; 8 had severe extra-hepatic diseases; 2 were receiving immunosuppressive drugs for reasons other than chronic liver
diseases; 12 complicated with alcoholic hepatitis; 1 complicated with schistosomiasis cirrhosis; 3 patients received liver transplants within 28 days; and 3 were lost to
follow-up within 28 days. HBV-ACLF, hepatitis B virus-related acute-on-chronic liver failure; APASL, Asian Pacific Association for the Study of the Liver.

signed rank test, as appropriate. The association between DIC  followed by coagulation failure (n = 61, 37.4%). Compared
score system and MELD score was assessed using Pearson  to survivors, patients who died within 90 days had more
correlation coefficient. Survival probabilities based on DIC scores ~ complications, of which 61 (83.6%) presented with bacterial
and CLIF-C OF-DIC scores at diagnosis were estimated using  infection, 61 (83.6%) suffered from ascites, and 11 (15.1%) had
Kaplan-Meier survival curves and compared using the log-  complications with gastrointestinal (GI) hemorrhage. Survivors
rank test. The auROC and Z-test (Delong’s method) were  had higher alanine aminotransferase, sodium, platelet, and
used to compare the predictive value of different prognostic = hemoglobin levels but had significantly lower DIC scores, INR,
scoring models. A multivariate Cox regression analysis was  and occurrence of organ failure (except liver failure) and
performed to identify independent prognostic factors for HBV-  were younger.
ACLF according to the enter method. Two-tailed P-values We graded patients according to EASL-ACLF criteria and
were calculated, and the significance level was setat P < 0.05. COSSH-ACLF criteria. According to EASL-ACLF criteria,
103 patients had ACLF grade 0 (63.19%), 3 patients ACLF
grade 1 (1.84%), 47 patients ACLF grade 2 (28.83%), and

RESULTS 10 patients ACLF grade 3 (6.13%) at baseline. In Europe,
the first two causes of ACLF were alcohol and hepatitis
Patient Characteristics C; alternately, in the Asian-Pacific and African regions,

This study included 163 patients diagnosed with HBV- ~ HBV infection was the main cause of ACLF. Patients with
ACLF according to the APASL criteria, of which 73 died different etiologies vary in clinical features. COSSH-ACLF
within 90 days (Figure 1). The clinical characteristics of all ~ criteria were proposed based on a prospective multicenter
enrolled patients according to their 90-day survival states cohort of HBV-ACLF patients (2). According to COSSH-
are summarized in Table 1. The most common precipitating ~ ACLF criteria, 21 patients was ACLF grade 0 (12.88%),
event was hepatitis B relapse (n = 78, 47.9%), followed by 85 patients ACLF grade 1 (52.15%), 47 patients ACLF
bacterial infection (n = 9, 5.5%). Moreover, liver failure was  grade 2 (28.83%), and 10 patients ACLF grade 3 (6.13%)
the most frequent type of organ failure (n = 136, 83.4%), (Supplementary Figure 1).
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TABLE 1 | Clinical characteristics of patients with HBV-ACLF.

Total cohort (n = 163) Survivors (n = 90) No-survivors (n = 73) P-value

Clinical data
Age (yr) 46 (37-56) 43 (33-53) 51 (42-62) 0.000
Male sex, % (no.) 91.4 (149) 92.2 (83) 90.4 (66) 0.682
Underlying liver disease, % (no.) 0.101

Chronic hepatitis B 49.1 (80) 55.6 (50) 41.1 (30)

Compensated cirrhosis 31.3 (61) 30.0 (27) 32.9 (24)

Decompensated cirrhosis 19.6 (32) 14.4 (13) 26.0 (19)
Precipitating events 0.135

HBV reactivation, % (no.) 47.9 (78) 56.6 (51) 37.0 (27)

Bacterial infection, % (no.) 5.5(9) 3.33 (3) 8.2 (6)

Superimposed HAV or HEV infection, % (no.) 3.7 (6) 4.4 (4) 2.7(2)

Hepatotoxic drugs, % (No.) 4.9 (8) 4.4 (4) 5.5 (4)

Active drinking, % (No.) 4.3 (7) 4.4 (4) 413

Unknown, % (No.) 33.7 (55) 26.6 (24) 42.5 (31)
Complications, % (no.)
Ascites 69.3 (113) 57.8 (52) 83.6 (61) 0.000
Gl hemorrhage 7.4(12) 1.1(1) 15.1 (1) 0.001
Bacterial infection 62.0 (101) 44.4 (40) 83.6 (61) 0.000
Artificial liver, % (no.) 28.2 (46) 20.0 (18) 38.4 (28) 0.010
Laboratory data
Alanine aminotransferase (U/L) 157 (72-431) 184 (92-467) 150 (57-341) 0.059
Albumin (g/L) 32 (29-36) 32 (29-36) 32 (29-37) 0.507
Total bilirubin (wmol/L) 307.1 (72.0-431.0) 284.5 (220.5-358.0) 354.0 (257.1-503.8) 0.000
Creatinine (wmol/L) 69 (58-86) 68 (57-75) 75 (69-109) 0.006
Sodium (mmol/L) 136 (132-139) 137 (134-140) 135 (130-138) 0.004
White blood cell count (10°/L) 6.76 (5.04-10.36) 6.24 (4.51-8.37) 8.29 (56.79-10.74) 0.005
Hemoglobin (g/L) 120 (104-136) 123 (109-139) 117.5 (94-130.5) 0.024
Platelet count (109/L) 90 (62-121) 103 (79-133) 76 (47-101) 0.000
INR 2.11(1.80-2.64) 1.85 (1.71-2.11) 2.65 (2.25-3.19) 0.000
DIC score 5 (4-6) 4 (4-5) 6 (5-7) 0.000
Fibrinogen (g/L) 1.17 (0.8-1.5) 1.3(1-1.7) 0.91 (0.62-1.30) 0.000
D-dimer (mg/L FEU) 3.05 (1.42-4.92) 1.73 (0.95-3.66) 4.25(2.91-9.54) 0.000
FDPs (mg/L) 7.5(3.6-14.6) 4.1 (2.6-9.6) 12.9 (7.4-32.6) 0.000
Organ failure, % (no.)
Liver 83.4 (136) 78.9 (71) 89.0 (65) 0.083
Coagulation 37.4 (61) 8.9 (8) 72.6 (53) 0.000
Kidney 14.1(23) 4.4 (4) 26.0 (19) 0.000
Cerebral 19.6 (32) 0(0) 43.8 (32) 0.000
Lung 8.6 (14) 0(0) 19.2 (14) 0.000
Circulation 14.61(23) 0(0) 31.5(23) 0.000

The information about ascites, laboratory data was acquired at baseline while GI hemorrhage, bacterial infection, artificial liver treatment, organ failure assessment was gathered

throughout the whole course within 90 days.

ACLF, acute-on-chronic liver failure; HBV, hepatitis B virus, INR, international normalized ratio;, COSSH-ACLF, Chinese Group on the Study of Severe Hepatitis B-ACLF; Gl, gastrointestinal;
DIC, disseminated intravascular coagulation; FDPs, fibrinogen degradation products; HAV, hepatitis A virus; HEV, hepatitis E virus.

Data are expressed as the median (interquartile range) or percent (number).

All Indicators in the DIC Score System

Were Correlated With Poor Prognosis

The DIC scoring system includes platelet count, a fibrin-
related marker, fibrinogen, and PT. We assessed these
parameters at baseline and on the final day. Patients
with infection at baseline had worse DIC score system

than those without infection or those that developed
infection  after  admission  (Supplementary Figure 2).
More importantly, however, was that in both bacteria-
infected and wuninfected patients, PT, D-dimer, and
fibrinogen degradation products (FDPs) levels were
significantly higher in non-survivors than survivors.
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FIGURE 3 | final assessment according to clinical course. Initial: the DIC score was assessed at baseline; Final: the last DIC score assessed within 28 days of
diagnosis or before death or discharge from the hospital. (C) Comparisons of DIC scores among subgroups of ACLF patients according to COSSH-ACLF, and
EASL-ACLF grade. The association between DIC scores and single organ failure is illustrated in (D). (E) Comparison of DIC scores between patients with or without
Gl. (F) The relationship between ascites and DIC scores. (G) Correlations between DIC score and MELD score. (H) 28- and 90-day transplant-free survival rates of
HBV-ACLF patients based on the cutoff DIC score at diagnosis. () The correlation between DIC score and INR. (J) The area under the receiver operating curve of the
DIC score system at diagnosis for predicting the 28-day and 90-day mortality of HBV-ACLF patients. For 28-day mortality: INR-DICs, 0.853; INR, 0.828; DIC score,
0.771; FDPs, 0.769; DDI, 0.749; Fibrogen, 0.683; platelet, 0.680. For 90-day mortality: INR-DICs, 0.877; INR, 0.839; DIC score, 0.799; FDPs, 0.796; DDI, 0.777;
1/Fibrogen, 0.712; 1/platelet, 0.684. DIC, disseminated intravascular coagulation; ACLF, acute-on-chronic liver failure; Bl, bacterial infection; COSSH-ACLF, Chinese
Group on the Study of Severe Hepatitis B-acute-on-chronic liver failure score; Gl, gastrointestinal hemorrhage; MELD, Model for End-stage Liver Disease; INR, the
international normalized ratio; PT, prothrombin time; DDI, D-dimer; FDPs, fibrinogen degradation products; INR-DICs, INR combined with DIC score; HBV-ACLF,
hepatitis B virus-related acute-on-chronic liver failure; EASL-ACLF, European Association for the Study of the Liver-ACLF. *P < 0.05, **P < 0.01, and ***P < 0.001.

Conversely, fibrinogen and platelet count were higher in  of 6. Patients with DIC score< 6 at diagnosis had significantly
survivors (Figure 2A). improved short- and mid-term survival than those with DIC
The dynamic changes in DIC indicators were consistent with ~ scores > 6 (28 day: 79.8 vs. 37.7%, 90-day: 72.3 vs. 19.0%, P <
the clinical course. Among the HBV-ACLF patients, the clinical ~ 0.001) (Figure 3H).
course improved in 71, worsened in 53, and was steady in 39. Although DIC score performs well in predicting prognosis
Compared with the initial day, patients with a worsening clinical ~ in HBV-ACLE, the majority of ACLF patients (n = 142, 87.1%)
course on the final day had longer PTs (P = 0.004) and higher ~ had PT extensions of more than 6 sec (PT > 6 sec are scored
D-dimer (P < 0.001) and FDPs (P < 0.001) levels. However,  two points in the DIC score), so their DIC scores were mainly
their platelet counts (P = 0.005) and fibrinogen (P = 0.004) affected by the other three indicators (platelet counts, D-dimer
levels were lower (Figure 2B). Similarly, ACLF-3/-2 patients had ~ and fibrinogen levels). INR, as the most widely used indicator
prolonged PT and increased D-dimer and FDPs levels, as wellas ~ of ACLF prognosis, is mathematically standardized PT. Thus,
reduced fibrinogen and platelet counts than ACLF-1/-0 patients ~ combining INR with DIC score may be more accurate in
(Figure 2C). Finally, we analyzed the relationship between index  reflecting the status of the coagulation system in HBV-ACLF
in the DIC scoring system and MELD score. MELD scores were  patients. Besides, r value of Pearson correlation between the INR
positively associated with D-dimers (r = 0.353, P < 0.001), FDPs  and DIC scores was 0.533 (Figure 3I). To assess the prognosis
(r =0.273, P < 0.001), and PT (r = 0.773, P < 0.001) but were  predictive value of the combination of INR and DIC scores,
inversely correlated with fibrinogen (r = —0.308, P < 0.001) and ~ we put DIC score and INR into a multivariate Cox regression
platelet counts (r = —0.242, P = 0.002) (Figure 2D). Note that  (Supplementary Table 1), and obtained a new coagulation score
platelet count was missing in one patient, and five patients lacked ~ for HBV-ACLF patients (INR-DIC score) as calculated by the
information on D-dimer and FDPs. following formula: INR-DICs = 0.404 x DIC score + 0.916 x
INR. Then we calulated the auROC of INR-DIC and individual
. makers of DIC score, and found that combined INR with DIC
DIC Scor_‘e Were Correlated With Poor score had the largest auROC (28-day prognosis: 0.853; 90-day
Progn03|s prognosis: 0.877) (Figure 3]).
Considering that all DIC indicators were significantly correlated
with survival, clinical course, and disease severity, we further .
evaluated the prognostic value of the DIC score in HBV-ACLF. Development of a Prognostic Score for
In both bacteria-infected and uninfected groups, DIC ~HBV-ACLF
score was significantly higher in non-survivors than survivors ~ We performed a multivariate Cox regression to identify the most
(Figure 3A), and the DIC scores of patients with infection  significant factors related to survival (Supplementary Table 2).
were higher than those without (Supplementary Figure 2). Also, =~ We found age (hazard ratio [HR]: 1.031, 95% confidence interval
patients with a worsening clinical course on the final day had  [CI]: 1.005-1.056, P = 0.017), INR (HR: 2.524, 95% CI: 1.628-
higher DIC scores (P < 0.001) than on the initial day, and  3.914, P = 0.000), HE grade (HR: 1.494, 95% CI: 1.117-1.999,
patients with an improving clinical course presented with lower P = 0.007), total bilirubin (HR: 1.001, 95% CI: 1.001-1.002, P

DIC scores on the final day (P = 0.008; Figure 3B). Patients = 0.000), and DIC scores (HR: 1.397, 95% CI: 1.040-1.875, P =
with more organ failures (ACLF-3/-2) had higher DIC scores  0.026) to be independent risk factors.
(Figure 3C), as did those with complications such as organ failure Among the identified independent predictors of death, INR,

(coagulation, kidney, cerebral, lungs, circulatotion) (Figure 3D),  total bilirubin, and hepatic encephalopathy are components of
or GI hemorrhage (Figure 3E). Previous studies have reported ~ CLIF-C OFs that are used to assess organ failure. CLIF-C OFs
that ascites contains large amounts of fibrinolytic products (17);  is a classic prognosis model widely used in ACLF. Therefore,
accordingly, we found that patients with grade 2 or 3 asciteshad ~ to improve the prognostic value of CLIF-C OFs, a multivariate
larger DIC scores (Figure 3F). MELD scores were also positively ~ Cox regression including CLIF-C OFs, DIC scores and age was
associated with DIC scores (r = 0.521, P < 0.001; Figure 3G). analyzed again (Table 2). We obtained a new prognostic score

The auROC of the DIC scores for 90-day mortality was 0.799  for HBV-ACLF patients (CLIF-C OF-DIC score) as calculated by
with a sensitivity of 0.594 and specificity of 0.864 at a cut-off value  the following formula: CLIF-C OF-DICs = 0.679 x CLIF-C OFs
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TABLE 2 | Risk factors associated with transplant-free 90-day mortality in patients
with HBV-ACLF according to a multivariate Cox PH model.

Regression coefficient HR 95%CI P-value
Age (yr) 0.039 1.039 1.018-1.061 0.000
DIC score 0.344 1.410 1.148-1.733 0.000
CLIF-C OFs 0.679 1.971 1.680-2.312 0.000

ACLF, acute-on-chronic liver failure; HBV, hepatitis B virus; CLIF-C OFs, Chronic liver
failure-consortium organ function score; DIC, disseminated intravascular coagulation.

+ 0.344 x DIC score + 0.039 x Age. The auROC of the CLIF-
C OF-DICs for 90-day mortality was 0.936 with a sensitivity of
84.06% and specificity of 88.64% at a cut-off value of 10.03.

We compared the prognostic value of CLIF-C OF-DICs for
28- and 90-day mortality with MELD, CLIF-SOFA, CLIF-C
ACLFs, CLIF-C OFs, COSSH-ACLFs, and COSSH-ACLEF-IIs and
found the CLIF-C OF-DICs had the highest auROC (28-day:
0.924, 90-day: 0.936; Figure4A and Supplementary Table 3).
Using the cut-off value, patients in the derivation cohort were
categorized into the high CLIF-C OF-DICs (CLIF-C OF-DICs
> 10.03) and low CLIF-C OF-DICs (< 10.03) groups. The
cumulative 28- and 90-day transplant-free survival rates of the
low CLIF-C OF-DICs group were significantly higher than the
high CLIF-C OF-DICs group (28-day: 93.2 vs. 30.4%, 90-day: 86.7
vs. 14.1%; P < 0.0001; Figure 4B). Besides, patients with organ
failures (liver, coagulation, kidney, cerebral, lungs, circulation)
had higher CLIF-C OF-DICs (Figure 4C), as did those with
higher ACLF grade (Figure 4D). CLIF-C ACLFs scores were
also positively associated with CLIF-C OF-DICs (r = 0.853,
P < 0.001; Figure 4E).

External Validation of DIC Score

Performance

We recruited an external cohort to validate the prognostic
value of DIC score and CLIF-C OF-DICs. The clinical and
laboratory characteristics of the derivation and validation cohorts
are listed in Supplementary Table 4. The two cohorts differed
on 28-day mortality, their distributions of underlying liver
diseases, and baseline laboratory data, which included total
bilirubin, creatinine, fibrinogen, and D-dimer levels. DIC score
demonstrated similar prognostic value in an external validation
group of 82 HBV-ACLF patients.

Compared with survivors, non-survivors had significantly
higher DIC scores (P = 0.006, Figure5A). The association
between DIC scores and clinical course is illustrated in Figure 5B.
DIC scores declined in HBV-ACLF patients with an improving
clinical course (P = 0.002), remained nearly constant in patients
with a steady clinical course (P = 0.364), and significantly
increased in patients with a worsening clinical course (P = 0.001).

The prognostic value of CLIF-C OF-DICs in predicting 28-
day mortality was comparable to six other generic prognostic
score models (auROC: 0.791) and was superior in predicting 90-
day mortality (auROC: 0.812) in HBV-ACLF patients, although
this increase was not statistically significant (Figure 5C). The
auROC of all scores are listed in Supplementary Table 5. The

cumulative survival rates of the low CLIF-C OF-DICs group
(< 10.03) were significantly higher than the high CLIF-C OF-
DICs group (> 10.03) with 28-day survival rates of 90.7% and
59.3% and 90-day survival rates of 70.9% and 25.9%, respectively
(P < 0.0001, 90-day mortality: HR: 0.255, 28-day mortality:
HR: 0.184; Figure 5D).

DISCUSSION

This retrospective study evaluated the DIC score system in
patients with HBV-ACLF and demonstrated that these subjects
frequently displayed an abnormal coagulation state similar to
DIC. They had prolonged PT, reduced fibrinogen, decreased
platelet counts, elevated D-dimers and FDPs, and increased
overall DIC scores. DIC scores system deteriorates as ACLF
grade increases, and the results were consistent under different
diagnostic criteria (EASL or COSSH ACLEF criteria). A prolonged
PT, a result of impaired liver synthesis function, has been widely
recognized in ACLF patients (2). Thrombocytopenia is common
in patients with advanced cirrhosis, and it is related to portal
hypertension and hepatic decompensation (18). Fibrinogen, a
key component of blood clots and a modest acute-phase reactant,
is primarily synthesized in hepatocytes and has a shorter half-
life in cirrhosis (3, 19). Fisher et al. discovered that compared
to healthy controls, patients with acute decompensated cirrhosis
and ACLF have lower fibrinogen levels, which in stable cirrhosis
patients are a bit higher (5). The abnormally elevated D-dimer
and FDPs levels in ACLF patients reflect activated coagulation
and fibrinolysis, which is consistent with other studies in patients
with cirrhosis and ACLF (6, 20-22). The origin of the elevated
D-dimer and FDP levels is not clear. Ascites may be a source
of fibrinolytic products (17), which was common in our cohort
accounting for 69.3% of patients and was associated with
DIC score. However, at present, no evidence of pathological
microthrombosis in ACLF has been reported.

The widely activated coagulation system in HBV-ACLF
patients may result from infection or a high-inflammatory state
(23). Infection and sepsis are prevalent in ACLF patients and are
related to their prognosis (24, 25). Up to 62.0% of patients in
our cohort had bacterial infections. Hemostatic changes in ACLF
and sepsis greatly overlap: they are both associated with elevated
levels of VWE, D-dimer, factor VIII, thrombin-antithrombin and
decreased levels of the VWF-regulating protease ADAMTS13
and coagulation factors (6). Hypercoagulable profiles and
hypofibrinolysis states result in microvascular thrombosis or
even DIC; they play essential roles in the pathological process
of multiple organ failure in sepsis (26). Therefore, changes in
the hemostasis system of ACLF patients result from multiple
complex factors, which include the impairment of liver synthesis
function, the consumption of coagulation factors in intravascular
coagulation, and the accumulation of secondary fibrinolytic
products. Furthermore, infection and systemic inflammatory
response syndrome may aggravate coagulation disorders (23,
27). These results emphasize the importance of coagulation and
fibrinolysis in the progression of ACLF and provide ideas for
follow-up studies in their mechanisms.
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(A) Accuracy of the CLIF-OF C-DICs as compared to MELDs, COSSH-ACLFs, CLIF-C ACLFs, CLIF-C OFs, CLIF-SOFA, and COSSH-ACLF-IIs in predicting 28-day
(left) and 90-day (right) mortality of ACLF patients. The areas under the receiver operating curve were as follows. For 28-day mortality: CLI-C OF-DICs, 0.924; CLIF
C-OFs, 0.900; CLIF-C ACLFs, 0.888; CLIF-SOFA, 0.895; MELD, 0.836; COSSH-ACLFs, 0.904; COSSH-ACLF-lIs, 0.905. For 90-day mortality: CLI-C OF-DICs:
0.936; CLIF C-OFs, 0.870; CLIF-C ACLFs, 0.879; CLIF-SOFA, 0.863; MELD, 0.830; COSSH-ACLFs, 0.903; COSSH-ACLF-IIs, 0.901. (B) Probability of 28- and
90-day transplant-free survival in ACLF patients based on the CLIF-C OF-DICs cutoff value (10.03). Kaplan-Meier curves were compared using the log-rank test. (C)
The CLIF-C OF-DICs between patients with organ failure or not. (D) The CLIF-C OF-DICs in patients with different ACLF grades. (E) The correlation between CLIF-C
OF-DICs and CLIF-C ACLFs. ACLF, acute-on-chronic liver failure; DIC, disseminated intravascular coagulation; CLIF, Chronic Liver Failure; COSSH-ACLF, Chinese
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assessment score; CLIF-C OF-DICs, a novel prognostic score based on age, DIC score, and CLIF-C OFs; MELD, Model for end-stage liver disease; COSSH-ACLFs,
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COSSH-ACLF lIs, Chinese Group on the Study of Severe Hepatitis B-ACLF Il score. *P < 0.05, **P < 0.01, and ***P < 0.001.

The DIC score was proposed by the ISTH in 2001 to  6s. INR is the mathematical standardization of PT. Therefore,
standardize DIC criteria (10). It has been applied in predicting  DIC score combined with INR is more effective in assessing
the prognosis of sepsis, post-trauma multiple organ dysfunction  coagulation dysfunction and prognosis in hepatitis B virus acute-
syndrome, and thrombosis in acute myeloid leukemia (12,  on-chronic liver failure patients.

28, 29). Here, we demonstrated that the DIC score, as an Because HBV-ACLF can deteriorate rapidly and lead to death,
independent predictor of 90-day mortality, forms part of anovel — an accurate prognostic score can help liver transplantation
prognostic tool in patients with HBV-ACLF. The DIC score is  decision making. CLIF-C OFs is a summation of organ
more comprehensive in the evaluation of coagulation, but in the  failure severity that is used for ACLF diagnosis and prognosis
DIC score, the upper limit for evaluating the PT is extended by =~ prediction (1). To improve CLIF-C OFs, we combined DIC
65, and most ACLF patients have a PT extension of more than  score with age and CLIF-C OFs to generate a new prognostic
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28-day mortality: CLI-C OF-DICs, 0.791; CLIF C-OFs, 0.744; CLIF-C ACLFs, 0.784; CLIF-SOFA, 0.744; MELD, 0.804; COSSH-ACLFs, 0.804; COSSH-ACLF-Ils,
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derivation cohort. DIC, disseminated intravascular coagulation; ACLF, acute-on-chronic liver failure; HBV-ACLF, hepatitis B virus-related ACLF; CLIF, Chronic Liver
Failure; CLIF-SOFA, CLIF-sequential organ failure assessment score; CLIF-C OF-DICs, a novel prognostic score based on age, DIC score, and CLIF-C OFs; MELD,
Model for end-stage liver disease; CLIF-C ACLFs, CLIF-Consortium ACLF score; CLIF-C OFs, CLIF-Consortium Organ Failure score; COSSH-ACLFs, Chinese Group
on the Study of Severe Hepatitis B-ACLF score; COSSH-ACLF lIs, Chinese Group on the Study of Severe Hepatitis B-acute-on-chronic liver failure Il score. *P < 0.05,
**P < 0.01, and **P < 0.001.

model, CLIF-C OF-DICs, and we confirmed its predictive
power in derivation and validation cohorts. These two cohorts
differed in clinical characteristic and auROC, which may
be related to the different patient sources and treatment
strategies between the two hospitals, as well as the patients’
economic situations.

This study had several limitations. The DIC score analysis
and the CLIF-C OF-DICs prognostic model were based on
a retrospective analysis, and the sample size was relatively
low. Moreover, the patients in the current cohort were HBV-
related, and the prognosis value of DIC scores in ACLF patients
associated with other etiologies need to be determined. In
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the future, additional prospective studies with larger patient
populations should be conducted to clarify the DIC score system
in ACLF patients and to explore the mechanisms underlying
coagulation and fibrinolysis disorders.

In conclusion, this study demonstrated that DIC scores were
correlated with short-term prognosis in HBV-ACLEF. Patients
with elevated DIC scores (>6) at admission had increased risks
of 28- and 90-day mortality. Monitoring the DIC score will help
in predicting short-term prognosis in HBV-ACLF patients.
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Background: Measurement of hepatic venous pressure gradients is the gold standard
for assessing portal hypertension (PH) but is invasive with potential complications.
We aimed to assess the performance in liver and spleen stiffness measurement
(LSM and SSM, respectively) by two-dimensional shear wave elastography (2D-SWE)
and composite scores including liver stiffness-spleen diameter to platelet ratio score
(LSPS), platelet (PLT) count/spleen diameter ratio (PSR), aspartate aminotransferase
(AST)/alanine aminotransferase ratio (AAR), and AST-to-PLT ratio index (APRI) for
diagnosing PH in nonalcoholic fatty liver disease (NAFLD) rat models.

Methods: Animal models with PH in NAFLD were established in 65 rats, which
then underwent 2D-SWE measurements. Morphological and biological parameters were
collected for calculation of four composite scores. Correlations of noninvasive methods
with portal venous pressure were evaluated by Spearman correlation analysis. The
area under the receiver operating characteristic curve (AUC) was used to assess the
performance of noninvasive methods in predicting PH.

Results: LSM and SSM were significantly associated with portal venous pressure
(r = 0.636 and 0.602, respectively; all P <0.001). The AUCs of LSM and SSM in the
diagnosis of PH were 0.906 (95% confidence interval [Cl]:0.841-0.97) and 0.87 (95%
Cl:0.776-0.964), respectively, and were significantly higher than those in composite
scores. The AUCs for LSPS, PSR, AAR, and APRI were 0.793, 0.52, 0.668, and 0.533,
respectively, for diagnosing PH. The AUCs of the combined models of LSM and SSM,
LSM and PLT, SSM and PLT, and LSM, SSM and PLT were 0.923, 0.913, 0.872,
and 0.923, respectively. The four combined models showed no statistical differences
compared to LSM and SSM in evaluating PH (all P > 0.05).
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Tests for PH in NAFLD

Conclusions:

LSM and SSM by 2D-SWE can be used as promising noninvasive

parameters for diagnosing PH in NAFLD and have higher accuracy than composite
scores. The combined models, compared to LSM and SSM, did not significantly improve
the performance in diagnosing PH.

Keywords: nonalcoholic fatty liver disease, portal hypertension, diagnosis, noninvasive method, two-dimensional

shear wave elastography

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has become the most
common chronic liver disease, with an estimated prevalence of
25% worldwide (1, 2). Notably, approximately one-quarter of
NAFLD cases progress into cirrhosis in 10 years and are at
an increased risk of developing portal hypertension (PH) (3).
PH is defined as pathologically elevated pressure in the portal
venous system (4). It can lead to several serious complications
associated with advanced NAFLD, including bleeding from
gastroesophageal varices, and has high morbidity and mortality
(5, 6). Therefore, accurate and timely assessment of PH is crucial
to improve prognosis and clinical decision-making.

Traditionally, measuremen