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Development of ascites is the most common form of decompensation of cirrhosis. We
aimed to investigate the coagulation system in ascitic ﬂuid and plasma of patients with
cirrhosis. We determined coagulation parameters and performed clotting and ﬁbrinolysis experiments in ascitic ﬂuid and plasma of thoroughly characterized patients with
cirrhosis and ascites (n ¼ 25) and in plasma of patients with cirrhosis but without ascites
(n ¼ 25), matched for severity of portal hypertension. We also investigated plasma Ddimer levels in an independent cohort of patients (n ¼ 317) with clinically signiﬁcant
portal hypertension (HVPG  10 mmHg), grouped according to ascites severity. Ascitic
ﬂuid was procoagulant in a clotting assay. The procoagulant potential of ascitic ﬂuid
was abolished by depletion of extracellular vesicles from ascitic ﬂuid by ﬁltration or by
addition of a tissue factor-neutralizing antibody. Compared with plasma, extracellular
vesicle-associated tissue factor activity was high in ascitic ﬂuid, while activities of other
coagulation factors were low. The extracellular vesicle-depleted fraction of ascitic ﬂuid
induced ﬁbrinolysis, which was prevented by aprotinin, indicating the presence of
plasmin in ascitic ﬂuid. Plasma peak thrombin generation and parameters reﬂecting
ﬁbrinolysis were independently associated with the presence of ascites. Finally, plasma
D-dimer levels were independently linked to ascites severity in our second cohort
comprising 317 patients. In conclusion, coagulation and ﬁbrinolysis become activated
in ascites of patients with cirrhosis. While tissue factor-exposing extracellular vesicles in
ascitic ﬂuid seem unable to pass the peritoneal membrane, ﬁbrinolytic enzymes get
activated in ascitic ﬂuid and may re-enter the systemic circulation and induce systemic
ﬁbrinolysis.
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Introduction
The liver plays a central role in the hemostatic system since it
synthesizes and clears most proteins involved in coagulation
activation and ﬁbrinolysis. Hemostatic alterations in patients
with advanced chronic liver disease (ACLD) typically include
reduced levels of most coagulation factors and their respective
inhibitors, as well as reduced ﬁbrinolytic enzymes,1–3 since they
are synthesized by hepatocytes. In contrast, levels of coagulation
factor VIII and von Willebrand factor are increased in ACLD
patients who also frequently have thrombocytopenia.4,5
Patients with ACLD are nowadays considered to have a
balanced hemostatic equilibrium.1–3 However, when compared with liver-healthy subjects, this equilibrium seems to
be less stable and easily tips in one direction, which together
with other factors such as portal hypertension and reduced
portal venous blood ﬂow velocity commonly leads to bleeding and/or thrombosis.1–3 The term “accelerated intravascular coagulation and ﬁbrinolysis” (AICF) was coined to
describe laboratory alterations and clinical features like
mucosal oozing and prolonged wound bleeding that are
observed in a subset of ACLD patients.6 However, the pathogenesis of AICF has yet to be fully elucidated.7
Development of ascites, the most common ﬁrst decompensating event in patients with ACLD,8 may impact the
hemostatic balance of ACLD patients and may contribute to
AICF. In the 1980s it was ﬁrst observed that direct infusion of
ascitic ﬂuid into the circulation of ACLD patients (via LeVeen
shunts) may lead to disseminated intravascular coagulation.9
Moreover, experimental studies showed that ascitic ﬂuid has
ﬁbrinolytic properties.10,11 We hypothesized that ascitic
ﬂuid could have procoagulant properties and may contain
extracellular vesicles that expose tissue factor (the main
initiator of the blood coagulation cascade), because tissue
factor exclusively associated with extracellular vesicles was
detected in other body ﬂuids including saliva, amniotic ﬂuid,
synovia, and seminal ﬂuid.12–15
Importantly, ascitic ﬂuid is reabsorbed into the blood
circulation at high rates via the peritoneum.16,17 Reabsorption and peritoneal ﬁltration of ascitic ﬂuid are likely to
change the composition of ascitic ﬂuid, as the permeability of
the peritoneum is inversely correlated with the molecular
weight of ascitic ﬂuid constituents (i.e., permeability
decreases with increasing molecular weight).18 Of note,
the hemostatic properties of ascitic ﬂuid that was membrane-ﬁltered have yet to be investigated.
It was the aim of the present study to investigate the
coagulation system in ascitic ﬂuid and plasma of ACLD
patients. We therefore included ACLD patients with ascites
and ACLD patients without ascites, who were matched for
the severity of portal hypertension (i.e., hepatic venous
pressure gradient [HVPG]) and determined routine coagulation parameters and performed coagulation experiments. To
mimic the function of the peritoneum as a semipermeable
membrane,18 we also performed clotting and ﬁbrinolysis
experiments with ascitic ﬂuid that was ﬁltered through a
0.1-µm membrane. Finally, we determined D-dimer (a biomarker that globally indicates coagulation activation and
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ﬁbrinolysis) levels in a large thoroughly characterized cohort
of patients with clinically signiﬁcant portal hypertension (as
deﬁned by a HVPG 10 mmHg) to investigate whether
coagulation activation and ﬁbrinolysis are linked to ascites,
independent of the severity of portal hypertension and/or
hepatic dysfunction.

Methods
Study Design and Population
Cohort A (prospective study) consisted of adult patients with
ACLD and clinically signiﬁcant portal hypertension (i.e.,
HVPG  10 mmHg) and grade 3 ascites19 who were scheduled for paracentesis, or similar patients without ascites,
who were matched for HVPG. Patients with one or more of
the following conditions were excluded: hepatocellular carcinoma (HCC) or other malignancies (active or in patients’
history), history of transjugular intrahepatic portosystemic
shunt (TIPS), liver transplantation or any other solid organ
transplantation, kidney failure, as well as anticoagulation or
venous/arterial thromboembolism, or antibiotic treatment
or overt bacterial infection (including spontaneous bacterial
peritonitis) within 3 months prior to screening. Ascitic ﬂuid
and blood were obtained from patients with ACLD and
ascites who underwent clinically indicated paracentesis on
the day of study inclusion. In patients with ACLD but without
ascites (who did not undergo paracentesis), blood was
collected on the day of study inclusion.
Cohort B (retrospective analysis) comprised ACLD patients
without ascites or grade 1 to 3 ascites who underwent HVPG
measurement at the Vienna Hepatic Hemodynamic Lab of
the Medical University of Vienna between January 2006 and
February 2018 and had clinically signiﬁcant portal hypertension and available information on D-dimer levels. Patients
with HCC or other malignancies, history of TIPS, or active
bacterial infection were excluded.
Finally, we identiﬁed 14 patients in whom plasma Ddimer levels were determined before elective TIPS implantation for recurrent/refractory ascites and 1 to 3 months after
the procedure within the Austrian registry on TIPS (AUTIPS,
NCT03409263).

Experimental and Routine Laboratory Assessments in
Plasma (Cohorts A and B) and Ascitic Fluid (Cohort B)
See the Supplementary Material (available in the online
version).

HVPG Measurement in Cohorts A and B
See the Supplementary Material (available in the online
version).

Statistical Analyses
See the Supplementary Material (available in the online
version).

Ethics and Access
See the Supplementary Material (available in the online
version).
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Table 1 Characteristics of patients included in cohort A
Patient characteristics

All patients,
n ¼ 50

Patients with grade
3 ascites,
n ¼ 25

Patients without
ascites,
n ¼ 25

p-Value
(patients with grade
3 ascites vs.
without ascites)

Age, y

57.8  11.9

57.3  15

58.3  8

0.775

Male

37 (74%)

4 (16%)

9 (36%)

0.196

Female

13 (26%)

21 (84%)

16 (64%)

Sex

Etiology
Viral

15 (30%)

5 (20%)

10 (40%)

ALD

22 (44%)

16 (64%)

6 (24%)

NAFLD or cryptogenic

10 (20%)

2 (8%)

8 (32%)

Other

0.012

3 (6%)

2 (8%)

1 (4%)

Varices

39 (78%)

20 (80%)

19 (76%)

0.733

History of variceal bleeding

12 (24%)

5 (20%)

7 (28%)

0.508

Hepatic encephalopathy

20 (40%)

17 (68%)

3 (12%)

<0.001

HVPG, mmHg

20.6  4.4

21.4  4.8

19.9  4

0.229

MELD, points

13 (11–15)

13 (12–17)

12 (10–15)

0.281

CTP score, points

8 (6–10)

9 (9–11)

6 (6–7)

<0.001
<0.001

A

13 (26%)

0 (0%)

13 (52%)

B

23 (46%)

13 (52%)

10 (40%)

C

14 (28%)

12 (48%)

2 (8%)

Albumin, g/L

32.7  5.21

30.9  4.1

34.5  5.6

0.013

Bilirubin, mg/dL

1.47 (0.99–2.5)

2.02 (1.09–3.45)

1.41 (0.94–2.12)

0.281

INR

1.4 (0.2)

1.4 (1.3–1.5)

1.5 (1.25–1.65)

0.281

Creatinine, mg/dL

0.76 (0.668–0.915)

0.89 (0.72–1.09)

0.72 (0.605–0.775)

0.016

CRP, mg/L

0.68 (0.275–1.29)

1.15 (0.645–2.09)

0.32 (0.105–0.745)

0.001

IL-6, µg/mL

14.8 (7.8–36.7)

29.9 (20.1–46.4)

8.02 (3.57–13.3)

<0.001

LBP, µg/mL

7.84  3.68

9.31  3.48

6.37  3.31

0.004

Abbreviations: ALD, alcoholic liver disease; CRP, C-reactive protein; CTP, Child–Turcotte–Pugh score; HVPG, hepatic venous pressure gradient;
IL-6, interleukin 6; INR, international normalized ratio; LBP, lipopolysaccharide binding protein; MELD, model for end-stage liver disease; NAFLD,
non-alcoholic fatty liver disease.
Note: Categorical variables are reported as numbers and proportions of patients, while continuous variables are shown as mean  standard deviation
or median (interquartile range [IQR]), as appropriate.

All authors had access to the study data and reviewed and
approved the ﬁnal manuscript.

Results
Patient Characteristics According to the Presence or
Absence of Ascites (Cohort A)
See ►Table 1 and the Supplementary Material (available in
the online version).

Ascitic Fluid Is Procoagulant (Cohort A)
To investigate the coagulant properties of ascitic ﬂuid, we
added ascitic ﬂuid to platelet-free normal pooled plasma.
Ascitic ﬂuid was clearly procoagulant as it substantially
shortened clotting times of platelet-free normal pooled

plasma from a median of 2,083 seconds (interquartile range
[IQR]: 1,732–2,696; addition of buffer) to a median of
592 seconds (IQR: 502–743; p < 0.001) after addition of
ascitic ﬂuid (►Fig. 1).

Extracellular Vesicle-Associated Tissue Factor Activity
Is High in Ascitic Fluid Compared with Plasma but
Activities of Other Coagulation Factors Are Low or
Nondetectable (Cohort A)
Next we investigated coagulation factor (F) activities in ascitic
ﬂuid and plasma (►Fig. 2 and ►Table 2). Extracellular vesicleassociated tissue factor activity was highly elevated in ascitic
ﬂuid compared with plasma of the same patients. Coagulation
factor FII and FVII activities were low in ascitic ﬂuid. FV, FVIII,
and FX activities were not detectable in ascitic ﬂuid.
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Fig. 1 Addition of ascitic ﬂuid (n ¼ 25) to platelet-free normal pooled
plasma shortened the clotting time. p < 0.001. Data are presented
as median with interquartile range and were analyzed by the Mann–
Whitney U test.

Tissue Factor-Exposing Extracellular Vesicles in Ascitic
Fluid Induce Clotting (Cohort A)
We added washed ascitic ﬂuid-derived extracellular vesicles
to vesicle-depleted normal pooled plasma, which shortened
the clotting time from a median of >7,200 seconds (IQR: 3,992
to >7,200; addition of buffer) to a median of 1,418 seconds
(IQR: 1,088–1,692; p < 0.001; ►Fig. 3). Ascitic ﬂuid supernatant, which was depleted of extracellular vesicles, was not
procoagulant and did not shorten the median clotting time
(>7,200 seconds [IQR: 4,802 to >7,200]) compared with buffer
(p ¼ 0.722). Also ascitic ﬂuid that was ﬁltered through a 0.1-µm
membrane (mimicking the peritoneal membrane) was not
procoagulant (median clotting time: >7200 seconds [IQR: 0])
compared with buffer (p ¼ 0.624). In another experiment, the
procoagulant potential of ascitic ﬂuid-derived extracellular
vesicles was completely blocked by preincubation with a tissue
factor-inhibiting antibody (median clotting time: >7,200 seconds [IQR: 2,434 to >7,200]; p < 0.001).

Plasmin in Ascitic Fluid Induces Fibrinolysis (Cohort A)
Incubation of generated ﬁbrin clots in ascitic ﬂuid for
24 hours resulted in partial clot lysis as evidenced by reduction

Thaler et al.

in clot weight (►Fig. 4A) and D-dimer release in the supernatant (►Fig. 4B). Speciﬁcally, we determined the change in
D-dimer (D-D-dimer) after incubation of clots in ascitic ﬂuid,
in different ascitic ﬂuid fractions and in normal saline. We
found the same ﬁbrinolytic potential in unprocessed ascitic
ﬂuid (median D-D-dimer: 2,458 µg/mL [IQR: 2,053–3,070]),
extracellular vesicle-depleted ascitic ﬂuid supernatant (median D-D-dimer: 2,340 µg/mL [IQR: 1,894–3,035]), and in
ascitic ﬂuid that was ﬁltered through a 0.1-µm membrane
(median D-D-dimer: 2,215 µg/mL [IQR: 1,498–2,745];
p ¼ 0.630). In contrast, ascitic ﬂuid-derived extracellular
vesicles only had minimal ﬁbrinolytic potential (median
D-D-dimer: 44 µg/mL [IQR: 5–571]; p < 0.001; ►Fig. 4B).
Preincubation of ascitic ﬂuid with aprotinin, which is an
inhibitor of plasmin, completely blocked the ﬁbrinolytic
potential of ascitic ﬂuid (median D-D-dimer: 0.00 µg/mL
[IQR: 0.00–1.84]; p < 0.001), with a median D-D-dimer release comparable to clots suspended in normal saline (median D-D-dimer: 12 µg/mL [IQR: 9–14]; ►Fig. 4B).

Markers of Coagulation Activation and Fibrinolysis
Are Highly Elevated in Ascitic Fluid Compared with
Plasma (Cohort A)
Thrombin–antithrombin (TAT) complex, prothrombin fragment 1 þ 2, plasmin–α2-antiplasmin (PAP) complex, and Ddimer levels were highly elevated in ascitic ﬂuid compared
with plasma (►Table 2). Fibrinogen was not detectable in
ascitic ﬂuid suggesting the conversion of all ﬁbrinogen into
ﬁbrin with subsequent degradation, as evidenced by the high
D-dimer levels in ascitic ﬂuid.

Markers of Coagulation Activation and Fibrinolysis
in Plasma of Patients with or without Ascites
(Cohort A)
We found low extracellular vesicle-associated tissue factor
activity in plasma of ACLD patients with grade 3 ascites,
which did not differ from extracellular vesicle-associated
tissue factor activity in plasma of ACLD patients without
ascites (►Table 2).

Fig. 2 Extracellular vesicle (EV)-associated tissue factor (TF) activity was high in ascitic ﬂuid compared with plasma of the same patients (n ¼ 25)
(A). Activities of coagulation factors V, VIII, and X were not detectable in ascitic ﬂuid and activities of coagulation factors II and VII were low in
ascitic ﬂuid compared with plasma (B). Data are presented as median with interquartile range.
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Table 2 Comparison of coagulation parameters between ascites and plasma of the same patients as well as plasma of patients with
grade 3 ascites and plasma of patients without ascites in cohort A
Coagulation parameters

Patients with grade 3 ascites, n ¼ 25

Patients without ascites,
n ¼ 25

Ascitic fluid

Plasma

p-Valuea

Plasma

p-Valueb

EV-TF activity, pg/mL

5.79 (4.78–8.01)

0.18 (0.00–0.72)

<0.001

0.15 (0.08–0.29)

0.946

FII activity, %

9 (5–14)

59 (44–65)

<0.001

54 (48–63)

0.662

FV activity, %

0 (0–0)

61 (43–84)

<0.001

57 (46–73)

0.924

FVII activity, %

8 (5–10)

44 (32–50)

<0.001

44 (35–69)

0.733

FVIII activity, %

0 (0–0)

237 (210–292)

<0.001

176 (149–218)

0.027

FX activity, %

1 (0–2)

56 (44–64)

<0.001

54 (48–63)

0.088

TAT complex, µg/mL

76.9 (47.2–150.7)

4.88 (2.5–7.5)

<0.001

21.9 (7.7–26.8.1)

<0.001

Prothrombin fragment
1 þ 2, pmol/L

1,836 (956–2,796)

174 (126–262)

<0.001

285 (171–349)

0.018

PAP complex, µg/mL

10.9 (7.9–14.7)

0.9 (0.7–1.1)

<0.001

0.3 (0.2–0.5)

<0.001

D-dimer, µg/mL

68.0 (37.8–102.5)

5.20 (3.8–7.4)

<0.001

0.7 (0.5–1.7)

<0.001

α2-antiplasmin (%)

7 (7–9)

59 (51–71)

<0.001

58 (52–70)

0.733

Plasminogen activity (%)

14 (13–16)

57 (47–70)

<0.001

61 (53–72)

0.359

PAI-1 (IU/mL)

0.28 (0.0–1.14)

0.0 (0.0–1.6)

0.948

0.28 (0.0–2.25)

0.583

Fibrinogen, mg/dL

0 (0–0)

292 (242–325)

<0.001

242 (202–296)

0.051

Peak TG, nM

–

255 (191–297)

–

177 (102–248)

0.018

TG velocity index, nM/min

–

46.2 (29.5–76.6)

–

23.9 (11.0–38.8)

0.005

TG lag phase, min

–

10.1 (9.1–12.6)

–

12.1 (10.6–15.6)

0.047

TG AUC/ETP, nM x min

–

2,654 (2,159–3,170)

–

2,886 (2,404–3,123)

0.734

PT, %

–

57 (51–66)

–

58 (57–69)

0.397

APTT, s

–

40 (38–45)

–

41 (37–46)

0.741

Abbreviations: APTT, activated partial thromboplastin time; AUC, area under the curve; ETP, endogenous thrombin potential; EV-TF, extracellular
vesicle-associated tissue factor activity; F, coagulation factor; PAI-1, plasminogen activator inhibitor-1; PAP, plasmin-α2-antiplasmin; PT, prothrombin
time; TAT, thrombin–antithrombin; TG, thrombin generation.
Note: Data are reported as median (interquartile range [IQR]) and were analyzed by the Kruskal–Wallis test.
a
Plasma vs. ascitic ﬂuid.
b
Plasma of patients with grade 3 ascites vs. plasma of patients without ascites.

In plasma of patients with grade 3 ascites, peak thrombin
generation (TG) and TG velocity index were increased, while
TG lag phase was decreased compared with patients without
ascites (►Table 2). In a multivariate analysis of factors
associated with TG parameters, ascites was independently
associated with increased peak TG (unstandardized regression coefﬁcient (B): 50.2; p ¼ 0.036; ►Supplementary
Table S1, available in the online version). Accordingly, peak
TG was 50 nM higher in patients with ascites, even after
adjusting for other patient characteristics. Moreover, there
was a trend toward a decreased TG lag phase (B: 3.04;
p ¼ 0.083; ►Supplementary Table S2, available in the online
version) in patients with ascites. In contrast, ascites was not
independently linked to TG velocity index (B: 9.67; p ¼ 0.281;
►Supplementary Table S3, available in the online version).
Moreover, TAT complex and prothrombin fragment 1 þ 2
levels were lower in plasma of patients with ascites compared with patients without ascites (►Table 2); however,
these differences disappeared after adjusting for other

variables, and thus, ascites was not independently linked
to these parameters (B: 3.73; p ¼ 0.645; ►Supplementary
Table S4 (available in the online version), and B: 100;
p ¼ 0.346; ►Supplementary Table S5, respectively).
Plasma D-dimer and PAP complex levels were elevated in
patients with grade 3 ascites compared with patients without ascites (►Table 2) and ascites was an independent
determinant of plasma D-dimer (B: 3.74; p < 0.001;
►Supplementary Table S6, available in the online version)
and PAP complex levels (B: 443; p ¼ 0.002; ►Supplementary
Table S7, available in the online version) levels.

Ascites Is Independently Linked to Coagulation
Activation and Fibrinolysis in a cohort of 317 Patients
with Advanced Chronic Liver Disease and Clinically
Signiﬁcant Portal Hypertension (Cohort B)
Alcoholic liver disease was the most common etiology (42%)
and the median HVPG and model for end-stage liver disease
(MELD) score were 19 mmHg (IQR: 15–23) and 11 points
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encephalopathy, as well as serum albumin and bilirubin
levels) and systemic inﬂammation (C-reactive protein
[CRP]) were linked to plasma D-dimer levels (►Table 3).
Following backward elimination, ascites severity, HVPG (p ¼
0.057), as well as serum albumin, bilirubin, and CRP levels
were independently linked to plasma D-dimer levels.
Accordingly, the association between ascites severity and
D-dimer levels was independent of etiology, severity of
portal hypertension and hepatic impairment, as well as
systemic inﬂammation

Changes in D-dimer Levels after TIPS for
Recurrent/Refractory Ascites

Fig. 3 Addition of ascitic ﬂuid-derived washed extracellular vesicles
(EVs) to vesicle-depleted normal pooled plasma shortened the clotting time (n ¼ 25). Neither ascitic ﬂuid supernatant nor membraneﬁltered ascitic ﬂuid shortened the clotting time. Preincubation of
ascitic ﬂuid-derived EVs with a tissue factor antibody completely
blocked the procoagulant potential of EVs; p < 0.001. Data are
presented as median with interquartile range and were analyzed by
the Kruskal–Wallis test.

We stratiﬁed patients into those who clinically responded
to TIPS (i.e., in whom ascites improved; n ¼ 9) and nonresponders (n ¼ 5). There was a difference in the evolution
of D-dimer levels (p ¼ 0.019) between those who responded
to TIPS (i.e., in whom ascites improved; n ¼ 9; median D-Ddimer: 0.77 µg/mL [IQR: 0.35 to 2.46]) and non-responders
(n ¼ 5; median D-D-dimer: 0.19 µg/mL [IQR: 3.15 to 0.16])
(►Supplementary Fig. S1, available in the online version).

Discussion
(IQR: 9–14.5), respectively. Twenty-two percent of patients
had Child–Turcotte–Pugh (CTP) score stage A, while 55 and
23% of patients were CTP stage B and C, respectively. Of
note, due to similar inclusion criteria, there were no
profound/clinically signiﬁcant differences in patient characteristics between cohorts B and A (►Supplementary
Table S8, available in the online version).
D-dimer levels showed a stepwise increase with ascites
severity, as depicted in ►Fig. 5. In a simple linear regression
analysis, besides ascites severity, alcoholic liver disease,
severity of portal hypertension (HVPG), and indicators
of hepatic dysfunction (i.e., MELD and CTP score, hepatic

Ascitic ﬂuid is a dynamic medium that enters and leaves the
peritoneal cavity at high rates.16,20 In cohort A, we found that
the coagulation system becomes activated intraperitoneally
via tissue factor-exposing extracellular vesicles and generated ﬁbrin gets lysed via plasmin generated within ascitic ﬂuid.
While tissue factor-exposing extracellular vesicles in ascitic
ﬂuid seem not to pass the peritoneal membrane and therefore do not enter the blood circulation in ACLD patients with
ascites, our data indicate that hyperﬁbrinolysis in ascitic
ﬂuid (evidenced by strong ﬁbrinolytic potential of ascitic
ﬂuid and high ascitic ﬂuid PAP complex and D-dimer levels)
could have systemic effects (evidenced by high PAP complex

Fig. 4 (A) Incubation of ﬁbrin clots in ascitic ﬂuid (n ¼ 25) for 24 hours reduced the weight of clots. (B) To further investigate the ﬁbrinolytic
potential of ascitic ﬂuid, D-dimer increase (D-D-dimer) was determined after incubation of clots in ascitic ﬂuid and different ascitic ﬂuid fractions.
High D-D-dimer was found in untreated ascitic ﬂuid and in ascitic ﬂuid that was extracellular vesicle (EV)-depleted by centrifugation
(supernatant) or ﬁltration (0.1 µm ﬁltered). Ascitic ﬂuid-derived EVs had only minimal ﬁbrinolytic potential. Preincubation of ascitic ﬂuid with
aprotinin, which is an inhibitor of plasmin, blocked the ﬁbrinolytic potential of ascitic ﬂuid. p < 0.001. Data are presented as median with
interquartile range and were analyzed by the Kruskal–Wallis test.
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Table 3 Parameters associated with D-dimer levels in cohort B
A

B

C

Patient characteristics

B

p-Value

B

p-Value

B

p-Value

Age, y

0.01

0.527

–

–

–

–

Male sex

0.161

0.686

–

–

–

–

ALD, vs. other etiologies

1.42

<0.001

0.106

0.743

–

–

Hepatic encephalopathy, CTP points

1.55

<0.001

0.016

0.946

–

–

HVPG, mmHg

0.168

<0.001

0.05

0.062

0.05

0.057

MELD, points

0.273

<0.001

–

–

–

–

CTP score, points

0.76

<0.001

–

–

–

–

Albumin, g/dL

0.227

<0.001

0.089

0.003

0.089

0.002

Bilirubin, mg/dL

0.433

<0.001

0.184

0.004

0.184

0.004

INR

2.6

<0.001

–

–

–

–

Creatinine, mg/dL

2.56

0.958

–

–

–

–

CRP, mg/L

2.76

<0.001

1.9

<0.001

1.92

<0.001

Ascites, CTP points

1.7

<0.001

0.501

0.034

0.524

0.019

Abbreviations: ALD, alcoholic liver disease; CRP, C-reactive protein; CTP, Child–Turcotte–Pugh score; HVPG, hepatic venous pressure gradient; INR,
international normalized ratio.
Note: (A) Univariate analysis, (B) multivariate analysis, and (C) ﬁnal step of backward selection of linear regression analysis.

and D-dimer levels in plasma). Consistently, in our second,
large cohort of thoroughly characterized ACLD patients
(cohort B), we found that D-dimer levels increase with ascites
severity. The association between ascites severity and
D-dimer levels was independent of liver disease etiology,
severity of portal hypertension and hepatic impairment, as
well as markers of systemic inﬂammation.

Fig. 5 In a large cohort (cohort B; n ¼ 317) of advanced chronic liver
disease patients with clinically signiﬁcant portal hypertension (i.e.,
hepatic venous pressure gradient 10 mmHg), D-dimer levels increased with ascites severity. Adjusted p < 0.05. Adjusted
p < 0.001. Data are presented as median with interquartile range and
were analyzed by the Kruskal–Wallis test applying Dunn’s multiple
comparisons test.

Systemic hyperﬁbrinolysis in ACLD patients with ascites
may have clinical signiﬁcance, since it may contribute to
nonportal hypertensive gastrointestinal bleeding events,
which are common in ACLD patients and are associated
with similarly high mortality, as compared with variceal
bleeding.21 Current guidelines recommend the administration of vasoactive drugs and antibiotics as well as early
endoscopy in patients with ACLD and upper gastrointestinal
bleeding.19,22 Hyperﬁbrinolysis due to the presence of ascites may have a negative impact on the pharmacological/
endoscopic control of nonportal hypertensive bleeding,
while an impact on portal-hypertensive gastrointestinal
bleeding seems unlikely. Meta-analyses have shown that
early administration of antiﬁbrinolytic agents may reduce
mortality in all-cause upper gastrointestinal bleeding23 and
experts recommend the use of antiﬁbrinolytic agents for
delayed and diffuse mucosal bleeding in patients with
decompensated ACLD.7 The recently published HALT-IT randomized controlled trial24 failed to demonstrate a survival
beneﬁt in patients with gastrointestinal bleeding (including
a considerable proportion of patients with suspected variceal bleeding or comorbid liver disease) who received tranexamic acid (which is an antiﬁbrinolytic). However, no
information on ascites was provided in the latter study or
a previous meta-analysis.25 Of note, a randomized controlled
trial investigating tranexamic acid in patients with ACLD and
gastrointestinal bleeding is currently ongoing.6,26 Interestingly, D-dimer levels decreased to values comparable to
those of patients without ascites after ascites resolution.27
Although D-dimer levels decreased both after paracentesis
and diuretic treatment in another study,28 diuretic treatment achieved lower D-dimer levels that were even comparable to those of patients without ascites. This observation
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may be explained by small residual amounts of ascites after
paracentesis or early reoccurrences of low volumes of ascites
that are not always easily detectable. The results of these
previous studies are well in line with our experimental and
clinical ﬁndings and suggest that hyperﬁbrinolysis may also
be ameliorated by ascites removal. Consistently, we found
that improvement of ascites by TIPS placement impacted Ddimer levels in a series of patients from the Austrian registry
on TIPS (AUTIPS, NCT03409263) who had paired D-dimer
assessments before and 1 to 3 months after the procedure.
We detected low extracellular vesicle-associated tissue
factor activity in plasma of ACLD patients with grade 3
ascites (cohort A). An explanation for the low extracellular
vesicle-associated tissue factor activity in plasma of ACLD
patients with ascites could be the relatively large size of
tissue factor-exposing extracellular vesicles (above 0.1 µm
according to our investigations) for which the peritoneum
seems to be largely impermeable under normal conditions.18,29 Another explanation could be clearance mechanisms in ascitic ﬂuid/the peritoneal cavity that render the
presence of tissue factor-exposing extracellular vesicles in
plasma short-lived and therefore undetectable. However,
tissue factor-exposing extracellular vesicles in ascitic ﬂuid
may impact the hemostatic balance of ACLD patients by
generating ﬁbrin, which is a cofactor of tissue-plasminogen
activator. Fibrin increases the enzymatic activity of tissueplasminogen activator by several orders of magnitude, thereby strongly increasing plasmin generation in ascitic ﬂuid
and inducing its own ﬁbrinolysis.30 In line, we detected
substantially increased D-dimer and PAP complex levels in
plasma of ACLD patients with ascites compared with patients
without ascites and this association remained unaffected
by adjustment for other factors, indicating an independent
association. Consistent with our ﬁndings, an innovative
translational study by Gitto et al detected highly elevated
D-dimer levels as well as reduced plasminogen activity and
plasminogen activator inhibitor-1 in ascitic ﬂuid.31 Interestingly, Gitto et al also found reduced thrombin-activatable
ﬁbrinolysis inhibitor (TAFI) antigen levels but increased TAFI
activity in ascitic ﬂuid. Finally, ﬁndings from peritoneal
dialysis patients who developed peritonitis suggest that
the peritoneal permeability is increased under inﬂammatory
conditions,32,33 and thus, the impermeability of the peritoneal membrane for extracellular vesicles needs to be reevaluated in patients with spontaneous bacterial peritonitis,
who were excluded from our study.
Due to the relatively low number of patients in our
prospective cross-sectional study (cohort A; n ¼ 50), we
retrospectively investigated the association between D-dimer levels and ascites severity in a second cohort of 317
thoroughly characterized ACLD patients with clinically signiﬁcant portal hypertension. D-dimer is a biomarker that
globally reﬂects coagulation activation and ﬁbrinolysis,
because D-dimer is a plasmin degradation product of ﬁbrin
that was cross-linked by FXIII (at the very end of the
coagulation cascade). In contrast to other biomarkers of
coagulation activation and ﬁbrinolysis, D-dimer has the
unique advantage of being widely available in routine
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laboratories. Consistent with our experimental data, we
found that D-dimer levels were independently associated
with ascites severity in our second cohort, emphasizing the
central role of ascites in ACLD-related hyperﬁbrinolysis. The
exploratory mechanistical investigation of the procoagulant
and ﬁbrinolytic potential of ascitic ﬂuid in a small but
thoroughly characterized cohort of patients (cohort A) and
the additional examination of the impact of ascites on
plasma D-dimer levels in a larger independent cohort of
patients (cohort B) may be regarded a strength of this study.
Besides increased ﬁbrinolysis, we also detected an increased peak TG, TG velocity index, and a decreased TG lag
phase in plasma of patients with ACLD and ascites, which
may be interpreted as an increased “coagulation potential.”
This is in line with previous studies that reported increased
endogenous thrombin potential in the presence of thrombomodulin in patients with CTP stages B and C, i.e., in subgroups
with a high prevalence/severity of ascites.34 TAT complex
and prothrombin fragment 1 þ 2 levels were lower in plasma
of patients with ascites compared with patients without
ascites. However, these differences lost statistical signiﬁcance after adjusting for additional variables, indicating that
ascites was not independently linked to these parameters.
It is a limitation of the present study that we did not
investigate the cellular origin of tissue factor-exposing extracellular vesicles in ascitic ﬂuid. We abstained from these
investigations because it has been shown that the accuracy
and reproducibility of antigen detection on extracellular
vesicles is limited.35 However, evidence from previous studies that investigated tissue factor-exposing extracellular
vesicles in other body ﬂuids indicates that peritoneal epithelial cells are a likely source of tissue factor-exposing
extracellular vesicles in ascitic ﬂuid.12,14 Moreover, we did
not investigate whether our observations also apply to other
forms of ascites by including an additional group of patients
without ACLD. Although the hemostatic equilibrium is nowadays considered to be balanced in most patients with ACLD,
ACLD is still accompanied by substantial changes in hemostatic parameters that are related to the severity of liver
disease. Thus, we abstained from studying patients without
underlying ACLD, as they are inherently different, which
substantially limits the signiﬁcance of comparisons with
such patients. The relatively low number of patients in cohort
A is another limitation of our study. Yet, these patients were
prospectively recruited and matched for HVPG. Moreover,
the link between ascites grade and ﬁbrinolysis was conﬁrmed in an independent large cohort of ACLD patients
(cohort B); however, this part of our study was a retrospective analysis. Finally, our study did not investigate clinical
endpoints related to hemostasis, i.e., bleeding or thrombosis.
In conclusion, we found that coagulation and ﬁbrinolysis
are activated intraperitoneally in patients with cirrhosis and
ascites. While tissue factor-exposing extracellular vesicles in
ascitic ﬂuid seem unable to pass the peritoneal membrane,
plasminogen gets activated into plasmin in ascitic ﬂuid, may
re-enter the circulation, and induce systemic hyperﬁbrinolysis. This may contribute to AICF, a common phenomenon in
patients with decompensated cirrhosis, as well as nonportal
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hypertensive upper gastrointestinal bleeding events, which
are associated with a high mortality.

What is known about this topic?
• The liver plays a central role in the hemostatic system
since it synthesizes and clears most proteins involved
in coagulation activation and ﬁbrinolysis.
• Development of ascites is the most common form of
decompensation of cirrhosis.
• Ascitic ﬂuid is a dynamic medium that enters and
leaves the peritoneal cavity at high rates.

What does this paper add?
• We found that coagulation and ﬁbrinolysis are activated in ascites of patients with cirrhosis.
• While tissue factor-exposing extracellular vesicles in
ascitic ﬂuid seem unable to pass the peritoneal membrane, plasminogen gets activated into plasmin in
ascitic ﬂuid, may re-enter the circulation, and induce
systemic hyperﬁbrinolysis.
• Consistently, D-dimer levels increase with ascites
severity.
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