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Abstract
Background: Even the sickest patients with chronic liver disease (CLD), such as those 
with acute-on-chronic liver failure (ACLF) remain in hemostatic balance due to a con-
comitant decline in pro- and antihemostatic factors.
Objectives: We aimed to study whether the hemostatic status in ACLF is merely an 
exaggeration from the status in patients with compensated and acutely decompen-
sated cirrhosis, or whether sepsis-associated hemostatic changes contribute.
Methods: We performed extensive hemostatic profiling in 31 adult patients with 
ACLF, 20 patients with sepsis without underlying CLD, and 40 healthy controls.
Results: We found similarly elevated plasma levels of the platelet adhesive protein 
von Willebrand factor (VWF) and decreased levels of the VWF-regulating protease 
ADAMTS13 in both groups compared to healthy controls. In vivo markers of activa-
tion of coagulation (thrombin-antithrombin III, D-dimer) were similarly elevated in 
both groups compared to controls, but ex vivo thrombin-generating capacity was 
similar between patients and controls, despite a much more profound international 
normalized ratio elevation in ACLF. Plasma fibrinogen levels were much higher in sep-
tics, which was accompanied by a decreased ex vivo clot permeability and an increase 
in ex vivo resistance to clot lysis. All hemostatic parameters were remarkably stable 
over the first 10 days after admission.
Conclusions: We have found hemostatic changes in ACLF to partially overlap with 
that of patients with sepsis, and evidence of preserved hemostatic capacity in both 
patient groups. The notable difference was a profound hyperfibrinogenemia, associ-
ated with a thrombogenic clot structure and a marked ex vivo resistance to fibrinoly-
sis in patients with sepsis.
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1  | INTRODUC TION

Patients with chronic liver disease (CLD) frequently have com-
plex alterations in their hemostatic system. These changes include 
thrombocytopenia, low levels of coagulation factors and inhibitors, 
low levels of fibrinolytic proteins, and elevated levels of endothelial-
derived hemostatic proteins including the platelet adhesive mol-
ecule von Willebrand factor (VWF).1 The extent of the hemostatic 
alterations are proportional to the severity of liver disease, but sur-
prisingly, the net effect of the hemostatic changes appears largely 
independent of disease severity. Both in patients with compen-
sated cirrhosis,2 and in patients with acute-on-chronic liver failure 
(ACLF) in which cirrhosis is complicated by multi-organ failure,3 the 
hemostatic system appears to remain in balance due to a concomi-
tant decline in pro- and antihemostatic drivers.4,5 However, it may 
be that the stability of this new hemostatic balance decreases with 
increasing severity of CLD, which would result in an increased risk 
for bleeding and thrombotic complications. ACLF is a syndrome in 
patients with underlying cirrhosis characterized by systemic inflam-
mation, development of organ failure, and high short-term mortal-
ity;6-8 it can occur at any stage of cirrhosis. Sepsis, often related to 
spontaneous bacterial peritonitis as well as pneumonia and urinary 
tract infections, is a frequent precipitant of ACLF,6 and presence or 
development of sepsis is associated with a poor prognosis.9

We recently reported on the hemostatic status of patients with 
ACLF. We found a progressive decrease in plasma levels of hemostatic 
proteins from patients with compensated cirrhosis to patients with 
acute decompensation of cirrhosis to patients with ACLF, and a pro-
gressive increase in endothelial-derived proteins such as VWF.3 The 
net result of these changes was a comparable thrombin-generating 
capacity, and a mixed fibrinolytic phenotype with both hyper- and hy-
pofibrinolysis in patients with ACLF compared to healthy individuals.10 
We studied these hemostatic changes in samples taken at the time 
of hospital admission or at the time of diagnosis of ACLF. However, 
because ACLF can have a very dynamic evolution,11 the hemostatic 
status may vary significantly over time and therefore longitudinal as-
sessment of these hemostatic parameters would be of value.

At first sight, the hemostatic changes in patients with ACLF are 
merely an exaggeration of the hemostatic changes in patients with 
compensated cirrhosis, and appear to reflect the severity of he-
patic synthetic failure. However, some of the hemostatic changes 
we observed in ACLF also occur in patients with critical illness in 
the absence of underlying CLD. For example, patients with sepsis 
or disseminated intravascular coagulation (DIC) have been reported 
to have high circulating levels of VWF with low levels of the VWF-
cleaving protease ADAMTS13,12-14 low levels of pro- and antico-
agulant proteins with relatively preserved thrombin generating 
capacity,15-17 and a hypofibrinolytic state.18 Additional similarities 
between ACLF and septic patients without CLD exist, such as the 
phenomenon of immuneparesis,19 which may also have conse-
quences for the hemostatic system.20

We performed a systematic profiling of hemostatic capacity by 
using functional hemostasis tests and by quantifying plasma levels 

of selected hemostatic proteins in patients with ACLF in comparison 
to patients with sepsis in the absence of underlying CLD to assess 
the potential contribution of sepsis to the hemostatic changes in 
ACLF. Hemostatic profiles were determined longitudinally to assess 
changes in hemostatic status during the course of the disease.

2  | METHODS

2.1 | Patients

We included 31 adult patients with ACLF and 20 patients with sepsis 
in the absence of CLD who were admitted to King's College Hospital 
London (UK) and provided written informed consent in this study. 
The National Research Ethics Service (NRES) Committee London-
Westminster (12/LO/1417) approved the study protocol, which was 
in accordance with the Declaration of Helsinki. Informed consent 
or assent was obtained from participants or their personal consult-
ees in the case of mental incapacity. Exclusion criteria for this study 
were acute liver failure, known congenital coagulation disorders, 
pregnancy, human immunodeficiency virus positivity, extrahepatic 
malignancy, and hepatocellular carcinoma outside the Milan crite-
ria. Cirrhosis was defined by the presence of two or more of the 
following: (a) histological evidence of cirrhosis on liver biopsy, (b) 
laboratory abnormalities consistent with cirrhosis, or (c) radiologi-
cal findings consistent with cirrhosis and portal hypertension. ACLF 
was defined and graded according to the number of organ failures in 
concordance with criteria reported in the CANONIC study.16 For pa-
tients with sepsis without CLD, the diagnosis of sepsis was based on 
the Sepsis-3 criteria,21 in which life-threatening organ dysfunction 
caused by a dysregulated host response to infection was evident, 
with organ dysfunction defined by an increase in the sequential 
(sepsis-related) organ failure assessment (SOFA) score of 2 points or 
more. The absence of underlying CLD in this patient group was de-
termined by a combined assessment of biochemical and radiological 
parameters. Healthy controls aged >18 years (n = 40) were recruited 
at King's College Hospital to establish reference values for the vari-
ous laboratory tests performed. Healthy controls also provided in-
formed consent with the protocol approved by the NRES Committee 
London-Westminster (12/LO/1417). Exclusion criteria for healthy 

Essentials

•	 Liver diseases are associated with profound hemostatic 
changes proportional to severity of illness.

•	 Hemostatic changes in acute-on-chronic liver failure 
(ACLF) may in part reflect critical illness.

•	 Hemostatic changes in ACLF partly overlap with those 
in sepsis, with rebalanced hemostasis in both.

•	 Patients with sepsis had hyperfibrinogenemia, associ-
ated with a thrombogenic clot structure.
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controls were body mass index below 18 or above 28; pregnancy 
or active breastfeeding, a personal history of thrombotic or liver 
disease; untreated medical conditions; chronic medical conditions 
requiring regular primary or secondary care review; or current use 
of anticoagulants, platelet function inhibitors, or oral contraceptives.

2.2 | Blood samples

Blood samples were collected in sodium citrate-containing vacu-
tainer tubes (0.129 mol/L) from an arterial line, central venous cath-
eter, or by standard peripheral venous phlebotomy within the first 
2  days of admission or after the development of ACLF or sepsis. 
Additional samples were taken at day 3, between day 5 and day 7, 
and day 10. Within 2 hours after the blood draw, the sample was 
centrifuged at 2000 and 10 000 g, respectively, for 10 minutes at 
ambient temperature to obtain platelet-poor plasma. Plasma was 
stored at −80°C until it was used for analyses.

2.3 | Hemostatic assays

VWF levels were assessed with an in-house enzyme-linked immuno-
sorbent assay (ELISA) using commercially available polyclonal antibodies 
against VWF (DAKO). Plasma activity of a disintegrin and metallopro-
teinase with a thrombospondin type 1 motif, member 13 (ADAMTS13) 
was measured using the FRETS-VWF73 assay (Peptanova). Plasma 
samples were pre-treated with bilirubin oxidase (2.5  U/mL, Sigma-
Aldrich) for 30 minutes at 37°C to avoid interference of bilirubin with 
the FRETS-VWF73 assay.22 Levels of VWF and ADAMTS13 in pooled 
normal plasma were set at 100%, and values obtained in test plasmas 
were expressed as a percentage of pooled normal plasma.

The thrombin generation assay (TGA) was performed with the 
fluorimetric method described by Hemker et al: calibrated auto-
mated thrombography (CAT).23 Coagulation was activated using 
commercially available reagents containing recombinant tissue 
factor (final concentration: 5 pmol/L), phospholipids (final concen-
tration: 4 µmol/L), in the presence of soluble thrombomodulin (TM, 
the concentration of which is not revealed by the manufacturer). 
Reagents were purchased from Thrombinoscope BV, Maastricht, the 
Netherlands, and thrombin generation experiments were executed 
following protocols provided by Thrombinoscope.

The international normalized ratio (INR), D-dimer levels, and 
plasma levels of factor VIII (FVIII), factor X (FX), factor II (FII), fibrino-
gen, antithrombin, and plasminogen were assessed on an automated 
coagulation analyzer (ACL 300 TOP) according to the protocols from 
the manufacturer (Werfen). Thrombin-antithrombin complexes 
were quantified by a commercially available ELISA (Siemens). Factor 
XIII activity was determined as described previously.24 Plasminogen 
activator inhibitor type 1 (PAI-1) levels were quantified by commer-
cially available ELISA from R & D systems.

Fibrin clot quality was quantified by estimating the average pore 
size of the fibrin clot, which was determined by permeation studies 

as described previously.25 The permeability coefficient Ks was cal-
culated following Darcy's law.

Plasma fibrinolytic potential was estimated by studying lysis of a 
tissue-factor--induced clot by exogenous tissue plasminogen activa-
tor (tPA) by monitoring changes in turbidity during clot formation and 
subsequent lysis as described previously.26 Clot lysis time was deter-
mined as the time from the midpoint of the clear-to-maximum-tur-
bid transition, which characterizes clot formation, to the midpoint of 
the maximum turbid-to-clear transition, which represents clot lysis. 
Samples that were still clotted at 3 hours after the start of the ex-
periment were arbitrarily assigned a clot lysis time of 180 minutes.

2.4 | Statistical analyses

GraphPad Prism (San Diego, CA, USA) was used for data presen-
tation and analysis. Tabulated data are presented as medians and 
ranges or as absolute numbers. Values of the various analytes were 
compared between groups, between different time points, and 
to controls using the Kruskal-Wallis H test (with Dunn's posttest).  
A P-value < .05 was considered significant.

3  | RESULTS

3.1 | Patient characteristics

We included 31 patients with ACLF and 20 with sepsis without CLD 
(from hereon referred to as non-liver septics). Of the 31 ACLF pa-
tients, we sampled 17 at day 3, 14 between days 5 and 7, and 9 at 
day 10. Of the 20 non-liver septics, we sampled 11 at day 3, 11 be-
tween days 5 and 7, and 10 at day 10. Demographic data obtained 
on admission are shown in Table 1, laboratory data on admission in 
Table 2, and results of microbiology screening in Table S1 in support-
ing information.

3.2 | A similar VWF and ADAMTS13 unbalance in 
ACLF and non-liver septics

Plasma levels of VWF were substantially elevated in patients 
with ACLF and non-liver sepsis compared to controls at all time 
points examined (Figure 1A). Although some patients with ACLF 
had much higher VWF levels particularly on day 1 compared to 
the non-liver septics, there were no statistically significant dif-
ferences between the patient groups at any time point. Also, 
there were no significant changes in VWF levels over time in 
both groups. ADAMTS13 levels were substantially decreased 
compared to controls in both groups at all time points examined 
with no significant changes over time (Figure  1B). Three of the 
non-liver septics had undetectable ADAMTS13 at day 1 and 3. 
Platelet counts were substantially lower in patients with ACLF 
compared to non-liver septics with the majority of patients below 
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the normal range, and in non-liver septics, platelet counts ap-
peared to improve over time (Figure 1C).

3.3 | Similar in vitro and in vivo hemostatic potential 
in ACLF and non-liver septics despite much better 
preserved factor levels in non-liver septics

The INR was substantially elevated in ACLF patients, but only slightly 
higher than controls in non-liver septics (Figure  2). Accordingly, 
plasma levels of FX and FII and of antithrombin were substantially 
decreased in patients with ACLF but only marginally lower in non-
liver septics (Figure  3A-C). Plasma levels of FVIII were slightly el-
evated in ACLF, and more profoundly elevated in non-liver septics 
(Figure 3D). None of these analytes changed appreciably over time, 
although the INR appeared to decrease in ACLF patients after day 1, 
with an increase in plasma levels of FX and FII.

Despite profound differences in plasma levels of procoagu-
lant proteins, in vitro thrombin-generating capacity as assessed 
by thrombomodulin-modified CAT was not significantly different 
among controls, ACLF, and non-liver septics (Figure 4A). However, 
individual patients had endogenous thrombin potentials both below 
and above the reference ranges. Levels of D-dimer and thrombin-an-
tithrombin complexes, which are markers of in vivo activation of 
coagulation, were elevated in both ACLF and non-liver septics, but 
levels were similar between the patient groups with few changes 
over time (Figure 4B-C).

3.4 | Near normal fibrinogen parameters in ACLF 
but severe hyperfibrinogenemia with reduced clot 
permeability in non-liver septics

Fibrinogen plasma levels were lower than the control group in the 
majority of patients with ACLF, although the difference did not reach 
statistical significance (Figure 5A). In contrast, fibrinogen levels were 
substantially elevated in non-liver septics, with a mild decrease in 
levels over time. We assessed permeability of plasma clots as a meas-
ure of clot quality in day 1 samples primarily because the permea-
tion assay is very labor intensive. Clot permeability was comparable 

ACLF n = 31
Non-liver 
sepsis n = 20

Moderate/Severe 10 (32%) 0 (0%)

Note: Shown are numbers or medians with ranges.
Abbreviations: ACLF, acute-on-chronic liver failure; CLIF, chronic liver 
failure; GCS, Glasgow Coma Score; ISTH DIC, International Society on 
Thrombosis and Haemostasis Disseminated Intravascular Coagulation; 
MELD, model of end-stage liver disease; n/a, not applicable; NASH, 
non-alcoholic steatohepatitis; RRT, renal replacement therapy; SOFA, 
sequential organ failure assessment.

TA B L E  1  (Continued)TA B L E  1   Demographic and clinical data of the study population 
on admission

ACLF n = 31
Non-liver 
sepsis n = 20

Age, years 48 (22–66) 61 (23–71)

Etiology of liver disease

Alcohol 21 (68%)

Viral 1 (3%)

NASH 3 (10%)

Biliary 2 (6%)

Other 4 (13%)

Source of sepsis

Pulmonary 13 (65%)

Cellulitis 2 (10%)

Endocarditis 1 (5%)

Meningitis 1 (5%)

Dental 1 (5%)

Nosocomial vascular catheter 1 (5%)

Bacteraemia source unclear 1 (5%)

Male (n) 21 (68%) 11 (55%)

SOFA score 8 (2–19) 4 (1–9)

CLIF-SOFA score 11 (5–20) n/a

CLIF-C-ACLF score 57 (38–71) n/a

ISTH DIC score 0 (0–5)

MELD, points 40 (15–67) n/a

Child-Pugh, points 11 (5–20) n/a

Mechanical ventilation (n) 11 (35%) 18 (90%)

Vasopressors required (n) 11 (35%) 11 (55%)

RRT (n) 17 (55%) 5 (25%)

GCS 15 (3–15) 7 (2–15)

Mortality within 30 days of 
admission n (%)

9 (29%) 5 (25%)

Medication on admission

Antibiotics

Any 30 (97%) 20 (100%)

Oral 26 (84%) 9 (45%)

Parenteral 6 (19%) 11 (55%)

Antifungal 8 (26%) 1 (5%)

Betablocker 17 (55%) 0 (0%)

Rifaximin 2 (6%) 0 (0%)

Unfractionated heparin 1 (3%) 0 (0%)

Low molecular weight heparin 1 (3%) 3 (15%)

Platelet concentrate 3 (10%) 1 (5%)

Fresh frozen plasma 10 (32%) 2 (10%)

Cryoprecipitate 5 (16%) 0 (0%)

Ascites

No 7 (23%) 20 (100%)

Minimal 14 (45%) 0 (0%)
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between controls and ACLF patients, but a substantially decreased 
permeability was observed in the non-liver septics (Figure 5B).

3.5 | Mixed in vitro fibrinolytic capacity in ACLF, 
but uniform hypofibrinolysis in non-liver septics 
but similar in vivo activation of fibrinolysis in 
both groups

Plasma fibrinolytic potential was mixed in the ACLF group with 
some patients showing substantially prolonged, and some clearly 
shortened clot lysis times (Figure  6A). In contrast, the non-liver 
septics all had normal to severely prolonged clot lysis times. 
Although PAI-1 and plasminogen levels are the main determinants 
of clot lysis time in the general population, variation in these pro-
teins did not explain the differences in CLT between ACLF and non-
liver septics (Figure 6B-C). Plasminogen levels were substantially 

decreased in ACLF, but largely within the normal range in non-
liver septics, whereas PAI-1 levels were increased in both groups, 
with virtually identical levels on day 1. Despite the difference in ex 
vivo fibrinolytic capacity, plasma levels of plasmin-�2-antiplasmin 
(PAP) complexes, which indicate in vivo activation of fibrinolysis, 
were elevated to a similar extent in ACLF and non-liver septics 
(Figure 6D). All fibrinolytic parameters varied at most only mildly 
over time.

4  | DISCUSSION

Here we have performed extensive hemostatic profiling of a well-
phenotyped cohort of patients with ACLF in comparison with pa-
tients with sepsis without underlying CLD. We found a similar VWF/
ADAMTS13 imbalance, and similar in vitro and in vivo coagulation 
potential despite much lower plasma levels of pro- and anticoagulant 

ACLF n = 31
Non-liver sepsis 
n = 20 P value

Full blood count

Hemoglobin (g/L) 84 (66–136) 93 (79–133) .02

Plt count (×109/L) 76 (20–280) 216 (79–568) <.0001

WBC count (×109/L) 11.3 (2.3–25.8) 13.2 (4.7–22.3) n.s.

Neutrophils (×109/L) 9.2 (1.3–22.9) 9.5 (4.0–18.9) n.s.

Lymphocytes (×109/L) 1.0 (0.3–2.5) 1.4 (0.5–3.1) n.s.

Monocytes (×109/L) 0.65 (0.12–2.04) 0.59 (0.10–1.53) n.s.

Standard coagulation

INR 2.0 (1.2–7.7) 1.2 (1.1–2.2) <.0001

APTT ratio 1.6 (1.1–2.4) 1.2 (1.0–3.4) <.001

Biochemistry

Na, mmol/L 135 (121–149) 140 (101–152) .0076

Urea, mmol/L 10.2 (2.2–18.7) 8.7 (3.5–22.4) n.s.

Creatinine, µmol/L 92 (2–329) 90 (32–365) n.s.

Bilirubin, µmol/L 164 (10–714) 7 (2–32) <.0001

Gamma glutamyl 
transaminase, IU/L

76 (15–661) 64 (13–58) n.s.

Alkaline phosphatase, IU/L 114 (32–363) 92 (42–531) n.s.

Aspartate transaminase, IU/L 80 (13–662) 64 (13–3718) n.s.

Albumin, g/L 29 (19–43) 28 (21–38) n.s.

CRP, mg/L 35 (2–558) 216 (23–381) <.0001

Interleukin 6 (ng/mL) 77 (35–138) 60 (41–238) n.s.

Tumor necrosis factor alpha 
(pg/mL)

14 (8–53) 12 (8–444) n.s.

Arterial

pH 7.44 (7.33–7.56) 7.39 (7.27–7.53) n.s.

NH4+, µmol/L 69 (24–124) 30 (12–53) <.0001

Lactate, mmol/L 1.7 (0.9–4.2) 1.0 (0.7–1.9) <.001

Note: Shown are medians with ranges.
Abbreviations: APTT, activated partial thromboplastin time; CRP, C-reactive protein; INR, 
international normalized ratio; n.s., not significant; plt, platelet; WBC, white blood cell.

TA B L E  2   Laboratory data of the study 
population on admission
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F I G U R E  1   Plasma levels of von Willebrand factor (A), ADAMTS13 (B), and platelet count (C) in patients with ACLF and non-liver septics 
sampled at various time points after admission in comparison to healthy controls. Horizontal lines indicate medians. *** = P < .001 versus 
controls, # = P < .05 versus sepsis
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factors in ACLF patients. The notable difference between ACLF 
and non-liver septics was a profound hyperfibrinogenemia with a 
thrombogenic clot structure and a profound in vitro resistance to fi-
brinolysis in the latter group. The non-liver septics thus have a more 
hypercoagulable profile compared to ACLF patients. Notably, al-
though both ACLF and sepsis are clinically very dynamic syndromes, 
we observed remarkably little change in hemostatic parameters over 
time.

The ACLF and non-liver septics are remarkably similar in VWF/
ADAMTS13 parameters, which may reflect similarities in inflam-
matory status leading to endothelial activation with release of re-
active ultralarge VWF, which requires processing by ADAMTS13.27 
Interestingly, FVIII levels were lower in ACLF than in sepsis, which 
may be explained by the difference in VWF multimeric size between 
patients with ACLF and those with sepsis. Whereas VWF multimeric 
size is normal or enhanced in patients with sepsis,28 patients with 
liver disease have a clear reduction in higher molecular weight multi-
mers, despite decreased plasma levels of ADAMTS13.29 In addition, 
modification of VWF by plasma proteases could potentially also di-
rectly disrupt the FVIII binding site on VWF in patients with ACLF.30 
Major differences in the plasma levels of hepatocyte-derived he-
mostatic proteins are apparent, with much lower levels in ACLF, 

reflecting defective hepatic synthetic capacity. In our non-liver 
sepsis patients, who did not have overt disseminated intravascular 
coagulation evidenced by the near normal INR and factor levels, pre-
served platelet count, and elevated fibrinogen,31,32 coagulation sta-
tus appears preserved. Nevertheless, global coagulation potential as 
assessed by CAT revealed individual patients with very low and oth-
ers with very high thrombin generating capacity. Patients with very 
low thrombin generation had documented administration of unfrac-
tionated or low molecular weight heparin and detectable anti-Xa 
levels. Why some patients had clearly elevated thrombin generation, 
however, is less clear. In addition to preserved coagulation capacity, 
non-liver septics had substantially elevated fibrinogen levels, which 
reflects the physiological acute phase response. These unusually 
high levels were associated with a very thrombogenic clot structure, 
which in combination with a profound hypofibrinolytic state may 
constitute a thrombotic risk. We have previously demonstrated that 
the combination of hypofibrinolysis as detected with our in-house 
plasma-based assay acts synergistically with hypercoagulable fea-
tures such as carriership of factor V Leiden in increasing the risk of 
a first venous thrombosis in the general population.26 Extrapolating 
from these data, the combination of hypofibrinolysis with hyperfi-
brinogenemia may form a significant thrombotic risk.

F I G U R E  3   Plasma levels of FII (A), FX (B), AT (C), and FVIII (D) in patients with acute-on-chronic liver failure and non-liver septics sampled 
at various time points after admission in comparison to healthy controls. Horizontal lines indicate medians. *P < .05, *** = P < .001 vs 
controls
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Despite these specific prothrombotic features in the non-
liver septics, we found no differences in in vivo markers of coag-
ulation (TAT complexes), coagulation with subsequent fibrinolysis 

(D-dimers), and activation of fibrinolysis (PAP complexes) between 
the ACLF and non-liver septic cohorts. Although it may be that in 
vivo activation of coagulation and fibrinolysis is similarly increased 

F I G U R E  5   Plasma levels of fibrinogen (A) and fibrin clot permeability (B) in patients with acute-on-chronic liver failure and non-liver 
septics sampled at various time points after admission in comparison to healthy controls. Horizontal lines indicate medians. *P < .05, *** 
= P < .001 versus controls

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

F
ib

rin
og

en
 (

g/
L)

***

10–10

10–9

10–8

10–7

K
s

*

Con
tro

ls

ACLF
 T

1

ACLF
 T

3

ACLF
 T

5/
7

ACLF
 T

10

Sep
tic

s T
1

Sep
tic

s T
3

Sep
tic

s T
5/

T7

Sep
tic

s T
10

Hea
lth

y c
on

tro
ls

ACLF
 T

1

Sep
tic

s T
1

A B

F I G U R E  4   Endogenous thrombin potential values (A), D-dimer levels (B), and thrombin-antithrombin complex levels (C) in patients 
with acute-on-chronic liver failure and non-liver septics sampled at various time points after admission in comparison to healthy controls. 
Horizontal lines indicate medians. *** = P < .001 versus controls

0
200
400
600
800

1000
1200
1400
1600
1800
2000

E
T

P
 (

nM
 II

a 
* 

m
in

)

0.01

0.1

1

10

100

1000

10000

100000

1000000

D
di

m
er

 (
ng

/m
l)

*** ***

1

10

100

T
A

T
 (

µg
/l)

*** ***

Con
tro

ls

ACLF
 T

1

ACLF
 T

3

ACLF
 T

5/
7

ACLF
 T

10

Sep
tic

s T
1

Sep
tic

s T
3

Sep
tic

s T
5/

T7

Sep
tic

s T
10

Con
tro

ls

ACLF
 T

1

ACLF
 T

3

ACLF
 T

5/
7

ACLF
 T

10

Sep
tic

s T
1

Sep
tic

s T
3

Sep
tic

s T
5/

T7

Sep
tic

s T
10

Con
tro

ls

Sep
tic

s T
1

Sep
tic

s T
3

Sep
tic

s T
5/

T7

Sep
tic

s T
10

ACLF
 T

1

ACLF
 T

3

ACLF
 T

5/
7

ACLF
 T

10

A

C

B



     |  93LISMAN et al.

compared to controls in the ACLF and non-liver septic cohorts, an 
alternative explanation is that the increase in these markers in the 
non-liver septics is real, but that the increase in ACLF is due to accu-
mulation as the liver is the site of clearance of these markers.

Our data on hypercoagulable features in non-liver septics are con-
sistent with clinical observations of an increased risk of both venous 
and arterial thrombosis in these patients, even in patients receiving 
optimal pharmacological thromboprophylaxis.33-36 In addition, the 
hypercoagulable features might contribute to microvascular throm-
botic events that have been linked to organ failure.37 The usefulness 
of anticoagulant therapy to treat the hypercoagulable features of sep-
sis and sepsis-associated disseminated intravascular coagulation have 
been debated given the mixed results of clinical studies.38,39 Our data 
suggest that a VWF/ADAMTS13 imbalance, hyperfibrinogenemia, 
and hypofibrinolysis are the prime hypercoagulable features of sepsis, 
which could indicate that anticoagulant drugs are not optimally suited 
to reduce micro- and macrovascular thrombotic events. Rather, inter-
ventions aimed at restoring the VWF/ADAMTS13 imbalance40 or de-
creasing the thrombogenicity of the fibrin clot may be more suitable.

Although we have demonstrated remarkable similarities be-
tween non-liver septics and patients with ACLF, there are notable 

differences, particularly in plasma levels of coagulation factors and 
fibrinogen. Perhaps the hemostatic status of patients with ACLF is 
even more comparable to the patients with sepsis-associated DIC, 
and a comparison in hemostatic mechanisms between these groups 
would therefore be of value. The application of anticoagulant ther-
apy in patients with sepsis in particular seems to be associated with 
a mortality reduction in patients with sepsis-associated DIC.41 In ad-
dition, a prothrombotic state (notably hypofibrinolysis) is related to 
organ failure and poor outcome in ACLF.10 Therefore, interventions 
that improve outcome in sepsis-associated DIC may also be benefi-
cial for patients with ACLF.

The VWF/ADAMTS13 imbalance that likely compensates for 
thrombocytopenia, and preserved thrombin-generating capacity, 
argues against correction of hemostasis by fresh frozen plasma (FFP) 
and/or platelet concentrates in non-bleeding patients with ACLF or 
non-liver sepsis.42,43 Importantly, blood products fail to improve he-
mostatic capacity in critically ill patients,17 and have major side ef-
fects.42 Interestingly, in the present series, hemostatic support with 
FFP and cryoprecipitate was substantial on admission and during 
further hospitalization in patients with ACLF, but virtually absent 
in the patients with non-liver sepsis. Although we did not record 

F I G U R E  6   Clot lysis times (A), plasminogen levels (B), plasminogen activator inhibitor type 1 levels (C), and plasmin-�2-antiplasmin 
complex levels in patients with acute-on-chronic liver failure and non-liver septics sampled at various time points after admission in 
comparison to healthy controls. Horizontal lines indicate medians. **P < .01, *** = P < .001 versus controls
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bleeding events, these observations suggest that prohemostatic 
therapy frequently is a response to abnormal routine diagnostic 
tests of hemostasis, rather than a response to true hemostatic fail-
ure, which is more difficult to routinely assess given the complex-
ity of the aforementioned assays. We purposely did not exclude 
patients receiving pro- or anticoagulant therapy as our aim was to 
assess the hemostatic status of patients with ACLF and sepsis with-
out underlying CLD in a real-life clinical setting, in which (prophy-
lactic) administration of both pro- and anticoagulants are common. 
Procoagulant therapy, notably FFP, that was given to a third of ACLF 
patients, does not change hemostatic potential in patients with liver 
disease,44 but does change plasma levels of individual coagulation 
factors, which should be considered when interpreting our results. 
Similarly, anticoagulants, which were only rarely given in our cohort, 
alter global tests of hemostasis.

In both ACLF and non-liver septics, the hemostatic profile re-
mains remarkably stable over time, although both diseases are 
known for a very dynamic clinical evolution. Whether this implies 
that the risk for bleeding or thrombotic complications does not sub-
stantially change over time is unknown. It might be very useful to 
perform global hemostatic screens in these patients at baseline in 
order to determine who will benefit most from prophylactic pro- or 
antihemostatic therapy, and studies assessing predictive value of 
global screening utilizing viscoelastic tests or thrombin generation 
tests are needed to ascertain whether a personalized approach to 
hemostatic management in these patients could be established with 
clinically available assays.

In summary, here we have documented hemostatic changes in 
ACLF to partially overlap with that of patients with sepsis without 
underlying CLD, and found evidence of preserved hemostatic ca-
pacity in both patient groups. However, patients with non-liver sep-
sis were characterized by a profound hyperfibrinogenemia with a 
thrombogenic clot structure and a profound ex vivo resistance to 
fibrinolysis. In-depth hemostatic profiling as we have applied here 
of these acutely ill patients may eventually facilitate a more rational 
approach to hemostatic management.
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