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Abstract Background Clot waveform analysis (CWA) provides a global assessment of hemo-
stasis and may be useful for patients with cirrhosis with complex hemostatic abnor-
malities. This study aimed to assess the association between prothrombin time (PT-)
and activated partial thromboplastin time (aPTT-) based CWA parameters and cirrhosis
severity and prospectively evaluate the role of CWA in predicting mortality and acute
decompensation (AD) over 1 year.
Methods This prospective study included adult patients with cirrhosis between
June 2021 and December 2023 at Chulalongkorn University Hospital. The PT- and
aPTT-based CWA parameters were obtained using an automated coagulation analyzer.
Results A total of 560 patients with cirrhosis were included; 165 (29.5%) and 47
(11.5%) had Child–Turcotte–Pugh (CTP) B and C cirrhosis, respectively. The PT- and
aPTT-based CWA parameters, including maximum velocity (min1), maximum acceler-
ation (min2), and maximum deceleration (max2), were significantly lower (p�0.05) in
patients with decompensated cirrhosis than in those with compensated cirrhosis.
Additionally, CWA values were significantly higher in patients with higher CTP and
Model for End-Stage Liver Disease (MELD) scores. Multivariable analysis revealed that
liver stiffness (LS) and max2 of PT-based CWA assay were independently associated
with CTP B/C. In addition, min2 and max2 of PT-based CWA assay were independently
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Introduction

The liver plays an important role in hemostasis because it
produces several proteins involved in hemostasis. Patients
with cirrhosis develop complex changes in primary hemo-
stasis, including hypocoagulable and hypercoagulable fea-
tures.1 A range of pro- and anti-hemostatic pathways change
simultaneously, resulting in a relatively neutral effect known
as rebalanced hemostasis.2,3 However, this new hemostatic
balance is likely more fragile than the balance in individuals
with normal liver function. Consequently, patients with
cirrhosis are at increased risk of hemostasis-related bleeding
and thrombotic events.4,5 Portal vein thrombosis (PVT) is the
most common thrombotic event in patients with cirrhosis,
affecting 4.6% of patients with compensated cirrhosis and
16.6% of those with decompensated cirrhosis.6,7

Conventional coagulation tests, such as platelet count,
prothrombin time (PT), and activated partial thromboplastin
time (aPTT), are unreliable for identifying the risk of bleeding
or thrombosis or assessing the efficacy of blood transfusion
or hemostatic agent infusion in patients with cirrhosis.8–10

Viscoelastic tests, including thromboelastography and rota-

tional thromboelastometry, are increasingly being used to
evaluate hemostasis in patients with liver diseases. Unlike
conventional coagulation tests, viscoelastic tests provide
better global hemostatic capacity. However, these tests
have some limitations. They are insensitive to von Wille-
brand factor and protein C and unable to detect platelet
dysfunction and factor XIII deficiency.11,12Moreover, wheth-
er viscoelastic tests can predict clinical outcomes, such as
bleeding and thrombosis, in patients with liver disease
remains unclear. Therefore, viscoelastic tests cannot be
recommended for guiding clinical decision-making until
more evidence is available.

Clot waveform analysis (CWA) is a new global coagulation
assay that reflects the overall effects of all hemostatic factors.
This assay is based on the continuous observation of changes
in light transmittance or absorbance caused by fibrin forma-
tion in plasma during the performance of routine clotting
tests, including PT and aPTT. This assay can be performed
easily using special software for coagulation analyzers.13

Previous studies have evaluated the role of CWA in the
diagnosis and treatment of hemophilia14,15 and disseminat-
ed intravascular coagulation.16 However, evidence of an

associated with 1-year mortality. No significant differences in CWA parameters were
observed between patients with and without portal vein thrombosis. CWA parameters
were not related to AD during the 1-year follow-up.
Conclusion A hypocoagulable profile based on CWA parameters is associated with
advanced-stage cirrhosis. CWAmay be a useful objective marker for assessing cirrhosis
severity and predicting 1-year mortality.
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association between CWA parameters and the severity or
complication of liver cirrhosis is limited. Therefore, this
study aimed to evaluate the association between PT- and
aPTT-based CWA parameters and the severity of cirrhosis
and PVT and to prospectively evaluate the role of CWA
parameters in predicting acute decompensation (AD) in
patients with compensated cirrhosis.

Methods

Study Participants
This prospective study included consecutive patients aged 18
to 80 years who were diagnosed with cirrhosis, with or
without complications, at the Liver Clinic at Chulalongkorn
University Hospital, Bangkok, Thailand, between Janu-
ary 2021 and December 2023. The diagnosis of cirrhosis
was based on clinical or laboratory data and confirmed by
radiological imaging. The exclusion criteria were recent
bleeding within the preceding month, recent plasma or
coagulation factor transfusion within the preceding day,
bleeding disorders such as hemophilia, use of antiplatelet
or anticoagulant medications, renal replacement therapy,
hepatocellular carcinoma, and extrahepatic malignancy.
Data were recorded at enrollment, including patient charac-
teristics, laboratory data, CWAparameters, imagingfindings,
and liver stiffness (LS) evaluated using FibroScan® (Echos-
ens, Paris, France). The patients were followed up for
12 months, and cirrhosis-related complications and death
were recorded.

The study protocol was approved by the Institutional
Review Board of the Faculty of Medicine, Chulalongkorn
University (IRB no. 350/63), and conducted in accordance
with the ethical principles of the Declaration of Helsinki and
Good Clinical Practice. All patients provided written in-
formed consent for study participation. The study protocol
was registered with the Thai Clinical Trial Registry
(TCTR20200730001, July 30, 2020).

Cirrhosis Severity
Cirrhosis severity was determined using the Child–Turcotte–
Pugh (CTP) classification17 and theModel for End-Stage Liver
Disease (MELD) score.18 Patients with at least one of the
following cirrhosis-related complications were diagnosed
with decompensated cirrhosis: overt hepatic encephalopa-
thy, ascites, or variceal bleeding.

Clot Waveform Analysis Data
PT- and aPTT-based CWA parameters were obtained from a
CS-2500™ automated coagulation analyzer (Sysmex Corpo-
ration, Kobe, Japan) using poor-platelet plasma. The trans-
mittance curve was generated during fibrin formation and
measured at 660nm using a turbidity-based principle with a
built-in algorithm tool on the analyzer. The first derivative
curve represents the velocity of the clotting process, whereas
the second derivative represents the acceleration and decel-
eration of the clotting process. The PT- and aPTT-based CWA
parameters obtained were maximum velocity (min1;
expressed as %/sec), maximum acceleration (min2;

expressed as %/sec2), and maximum deceleration (max2;
expressed as %/sec2). Lower values of min1, min2, and max2
indicate a more hypercoagulable profile.

Statistical Analysis
Categorical variables were expressed as numbers and per-
centages. Between-group comparisons were performed
using Pearson’s chi-square or Fisher’s exact test. The normal-
ity of continuous variables was assessed using the Shapiro–
Wilk test. Normally distributed datawere expressed asmean
and standard deviation, whereas non-normally distributed
datawere expressed asmedian and interquartile range (IQR).
The CWA parameters were compared between the groups
using the independent t-test or Mann–Whitney U test.
Spearman’s correlation analysis was performed to assess
the correlations between CWA parameters, LS values, CTP
score, and MELD score. Univariable and multivariable analy-
ses were performed to identify independent factors associ-
ated with the severity of cirrhosis and outcomes during the
1-year follow-up period. Kaplan–Meier curves were per-
formed to estimate survival probability based on CWA
parameters. All statistical analyses were performed using
SPSS version 22 (IBM®, Armonk, NY). A two-sided p-value
<0.05 was considered statistically significant.

Results

Patient Characteristics
A total of 784 outpatients with cirrhosis were screened.
Among them, 224 were excluded for meeting at least one
of the exclusion criteria. Finally, 560 patients were included
in this study. ►Figure 1 shows a flowchart of patient enroll-
ment. The median age of the patients was 61 (IQR: 53–67)
years, with 64.1% being males (n¼359). The most common
causes of cirrhosis were chronic hepatitis B virus infection
(28.2%, n¼158), chronic hepatitis C virus infection (20.0%,
n¼112), and metabolic dysfunction-associated steatotic
liver disease (16.8%, n¼94). The median CTP and MELD
scores were 6 (IQR: 5–8) and 11 (IQR: 8–14), respectively.
The median LS value was 21.1 (IQR: 9.3–41.9) kPa.

Regarding liver disease severity, 179 (32.0%) patients had
decompensated cirrhosis. In total, 348 (62.1%) patients had
CTP class A, 165 (29.5%) had CTP class B, and 47 (8.4%) had CTP
class C. ►Table 1 shows the baseline characteristics and
laboratory findings categorized by CTP classification. The
higher the CTP score, the higher the proportion of decom-
pensatedcirrhosis, and thehigher theMELDscoreandLSvalue.

Clot Waveform Analysis Parameters and Cirrhosis
Severity
►Table 2 shows the CWA parameters according to the CTP
class. The PT- and aPTT-based CWA parameters, including
min1, min2, and max2, were associated with cirrhosis sever-
ity. A higher CTP class was associated with a more hypo-
coagulable profile and lower min1, min2, and max2. In the
PT-based CWA, the median (IQR) values of min1 were 3.2
(2.6–4)%/s, 2.6 (1.8–3.4), and 1.8 (1.3–2.6)%/s2 for CTP classes
A, B, and C, respectively. Themedian (IQR) values ofmin2were
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Table 1 Baseline patient characteristics classified according to the severity of liver cirrhosis

CTP-A (n¼ 348) CTP-B (n¼165) CTP-C (n¼ 47) p-value

Age, years 61 (53–67) 62 (55–65.5) 58 (46–63) 0.07

Male, n (%) 229 (65.8%) 97 (58.8%) 33 (70.2%) 0.37

Cause of cirrhosis, n (%)

HBV 114 (36.9%) 36 (36.5%) 8 (21.1%) 0.03

HCV 76 (24.6%) 29 (21.3%) 7 (18.4%) 0.58

MASLD 76 (24.6%) 16 (11.8%) 2 (5.3%) <0.001

ARLD 51 (16.5%) 33 (24.3%) 7 (18.4%) 0.16

Decompensation, n (%) 28 (8.0%) 109 (66.1%) 42 (89.4%) <0.001

Hemoglobin, g/dL 12.6 (10.8–14.0) 10.3 (8.8–12.0) 9.4 (8.3–11.0) <0.001

White cell counts (cells/μL) 5,290 (3,920–6,910) 4,580 (3,360–6,810) 6,080 (4,980–8,140) 0.002

Platelet, (� 109/l) 134 (88–207) 96 (62–157) 101 (67–140) <0.001

PT, seconds 13.2 (12.3–14.1) 15.3 (14.0–16.6) 20.7 (16.3–24.1) <0.001

INR 1.2 (1.1–1.3) 1.4 (1.2–1.5) 1.9 (1.5–2.2) <0.001

aPTT, seconds 26.8 (25.1–28.3) 29.3 (26.9–31.9) 33.9 (29.0–42.7) <0.001

TB, mg/dL 0.9 (0.7–1.3) 2.2 (1.3–3.1) 5.6 (3.3–10.4) <0.001

AST, U/L 33.0 (25.0–51.0) 55.0 (37.3–74.3) 85.0 (58.0–152.0) <0.001

ALT, U/L 28.0 (20.0–43.0) 32.0 (18.8–49.0) 51.0 (30.0–75.0) <0.001

Albumin, g/dL 3.9 (3.5–4.2) 3.0 (2.7–3.4) 2.5 (2.0–2.7) <0.001

Creatinine, mg/dL 0.8 (0.7–1.01) 0.8 (0.7–1.2) 0.9 (0.7–1.1) 0.43

Sodium, mEq/L 138.0 (136.0–140.0) 137.0 (134.0–139.0) 133.0 (130.7–137.3) <0.001

MELD score 9 (8–10) 14 (12–17) 21 (18–24.5) <0.001

Liver stiffness, kPa 14.7 (8.1–27.5) 40.5 (21.7–74.7) 69.5 (46.0–75.0) <0.001

Abbreviations: ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; ARLD, alcohol-related liver disease; AST, aspartate
aminotransferase; CTP, Child–Turcotte–Pugh class; HBV, hepatitis B virus; HCV, hepatitis C virus; kPa, kilo pascal; INR, international normalized ratio;
MASLD, metabolic-associated steatotic liver disease; MELD, model for End-Stage Liver Disease; PT, prothrombin time; TB, total bilirubin.
Categorical variables were expressed as number and frequency, while continuous variables were expressed as mean� standard deviation or median
(interquartile range), as appropriate.

Fig. 1 Flow chart of patient enrollment.
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0.6 (0.5–0.7)%/s, 0.5 (0.3–0.6), and 0.3 (0.2–0.5)%/s2 for CTP
classes A, B, and C, respectively. Additionally, the median (IQR)
values ofmax2were0.5 (0.4–0.6)%/s, 0.3 (0.3–0.5, and0.2 (0.1–
0.3)%/s2 for CTP classes A, B, and C, respectively. The PT- and
aPTT-basedCWAwaveforms inpatientswithCTPA,B,andCare
shown in ►Fig. 2. Moreover, patients with decompensated
cirrhosis exhibited significantly higher PT- and aPTT-based
CWA parameters than those with compensated cirrhosis
(►Supplementary Table S1 [available in the online version
only]).

Cirrhosis severity was classified into three groups based on
MELD scores (MELD<10, 10–20, and>20). Themedian values
ofmin1,min2, andmax2 in thePT- and aPTT-basedCWAwere

significantly higher in patients with higher MELD scores. This
supports the scores, indicating an association between CWA
values and cirrhosis severity (►Supplementary Table S2

[available in the online version only]).
Logistic regression analysis was conducted to identify

factors related to the severity of cirrhosis. Patients were
divided into two groups: CTP A and CTP B/C. The univariable
analysis found that LS and all CWAvalueswere related to CTP
B/C. However, multivariable analysis showed that LS (adjust-
ed odds ratio [aOR]¼1.047, 95% CI: 1.032–1.062, p<0.001)
and max2 of PT-based CWA assay (aOR¼0.002, 95% CI:
0.001–0.018, p<0.001) were independently related to CTP
B/C (►Table 3).

Table 2 Clot wave analysis values categorized by Child–Turcotte–Pugh classification

CTP A (n¼348) CTP B (n¼ 165) CTP C (n¼ 47) p-value

PT, seconds 13.2 (12.3–14.1) 15.3 (14.0–16.6)a 20.7 (16.3–24.1)a,c <0.001

aPTT, seconds 26.8 (25.1–28.3) 29.3 (26.9–31.9)a 33.9 (29.0–42.7)a,c <0.001

CWA values of PT assay

Min1 (%/s) 3.2 (2.6–4.0) 2.6 (1.8–3.4)a 1.8 (1.3–2.6)a,c <0.001

Min2 (%/s2) 0.6 (0.5–0.7) 0.5 (0.3–0.6)a 0.3 (0.2–0.5)a,c <0.001

Max2 (%/s2) 0.5 (0.4–0.6) 0.3 (0.3–0.5)a 0.2 (0.1–0.3)a,c <0.001

CWA values of aPTT assay

Min1 (%/s) 4.0 (0–5.2) 3.1 (1.5–4.6)b 1.8 (1.0–2.8)a,c <0.001

Min2 (%/s2) 0.7 (0–0.8) 0.5 (0.2–0.7)b 0.3 (0.1–0.4)a,c <0.001

Max2 (%/s2) 0.6 (0–0.7) 0.4 (0.2–0.6)a 0.2 (0.1–0.3)a,c <0.001

Abbreviations: aPTT, activated partial thromboplastin time; CTP, Child–Turcotte–Pugh; CWA, clot wave analysis; max2, maximum deceleration;
min1, maximum velocity; min2, maximum acceleration; PT, prothrombin time; s, seconds.
ap< 0.001 compared with CTP-A.
bp< 0.05 compared with CTP-A.
cp< 0.001 compared with CTP B and C.

Fig. 2 Clot formation curves, first derivative curve, and second derivative curve of PT (a–c) and aPTT assays (d–f). aPTT, activated partial
thromboplastin time; PT, prothrombin time.
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Correlation between Clot Waveform Analysis
Parameters, Cirrhosis Severity, Liver Stiffness,
and Traditional Measures of Hemostasis
►Table 4 shows the Spearman correlation coefficients be-
tween CWA parameters, cirrhosis severity, LS, and conven-
tional coagulation tests. The PT-based CWAparameterswere
weakly to moderately negatively correlated with CTP (r¼
�0.34 to �0.43, p<0.001) and MELD scores (r¼�0.36
to �0.46, p<0.001), whereas the aPTT-based CWA param-
eters were weakly negatively correlated with CTP (r¼�0.19
to �0.23, p<0.001) and MELD scores (r¼�0.21 to �0.25,
p<0.001). Furthermore, LS evaluated using transient
elastography was weakly negatively correlated with the
PT- and aPTT-based CWA parameters (r¼�0.14 to �0.32,
p<0.05).

Spearmancorrelations betweenCWAparameters, PT, aPTT,
and platelet count were assessed. The PT-based CWA values
showed a moderate to strong negative correlation with PT
(r¼�0.48 to �0.61, p<0.001) and platelet count (r¼0.47–
0.49, p<0.001) but only a weak negative correlation with
aPTT (r¼�0.32 to �0.35, p<0.001) levels. Moreover, the
aPTT-based CWA parameters were weakly correlated with
PT (r¼�0.31 to �0.35, p<0.001), aPTT (r¼�0.21 to �0.29,
p<0.001), and platelet count (r¼0.28–0.29, p<0.001;
►Table 4).

Clot Waveform Analysis Parameters and Portal Vein
Thrombosis
Furtheranalysis of theCWAcharacteristics incirrhotic patients
with and without PVTwas performed. Of the 560 patients, 78

Table 3 Factors related to the severity of cirrhosis

Univariable analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 0.992
(0.979–1.005)

0.24

Male 0.824 (0.578–1.174) 0.28

Platelet count 1.000 (1.000–1.000) 0.42

Liver stiffness 1.050 (1.037–1.064) <0.001 1.047 (1.032–1.062) <0.001

PT-based CWA

Min1 0.578 (0.486–0.688) <0.001

Min2 0.047 (0.019–0.119) <0.001

Max2 0.010 (0.003–0.032) <0.001 0.002 (0.001–0.018) <0.001

aPTT-based CWA

Min1 0.877 (0.812–0.947) <0.001

Min2 0.440 (0.276–0.702) <0.001

Max2 0.278 (0.158–0.488) <0.001

Abbreviations: aPTT, activated partial thromboplastin time; CWA, clot wave analysis; max2, maximum deceleration; min1, maximum velocity; min2,
maximum acceleration; OR, odds ratio; PT, prothrombin time.

Table 4 Correlation between clot wave analysis parameters, Child–Turcotte–Pugh, Model for End-Stage Liver Disease score,
transient elastography, and conventional coagulation tests

CTP score MELD score Transient
elastography

PT aPTT Platelet count

CWA values of PT assay

Min1 �0.34 (p< 0.001) �0.36 (p< 0.001) �0.24 (p<0.001) �0.48 (p<0.001) �0.34 (p< 0.001) 0.49 (p<0.001)

Min2 �0.35 (p< 0.001) �0.39 (p< 0.001) �0.24 (p<0.001) �0.51 (p<0.001) �0.32 (p< 0.001) 0.47 (p<0.001)

Max2 �0.43 (p< 0.001) �0.46 (p< 0.001) �0.32 (p<0.001) �0.61 (p<0.001) �0.35 (p< 0.001) 0.49 (p<0.001)

CWA values of aPTT assay

Min1 �0.19 (p< 0.001) �0.21 (p< 0.001) �0.15 (p¼0.01) �0.31 (p<0.001) �0.21 (p< 0.001) 0.29 (p<0.001)

Min2 �0.20 (p< 0.001) �0.21 (p< 0.001) �0.14 (p¼0.02) �0.31 (p<0.001) �0.26 (p< 0.001) 0.28 (p<0.001)

Max2 �0.23 (p< 0.001) �0.25 (p< 0.001) �0.19 (p¼0.002) �0.35 (p<0.001) �0.29 (p< 0.001) 0.29 (p<0.001)

Abbreviations: aPTT, activated partial thromboplastin time; CTP, Child–Turcotte–Pugh; CWA, clot wave analysis; max2, maximum deceleration;
MELD, Model for End-Stage Liver Disease; min1, maximum velocity; min2, maximum acceleration; PT, prothrombin time.
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(13.9%) had PVT at enrollment. The PT- and aPTT-based CWA
parameters were not different between patients with cirrhosis
with PVT and those without PVT (►Supplementary Table S3

[available in the online version only]).

Clot Waveform Analysis Parameters as a Predictor of
Mortality during the 1-year Follow-up Period
During the 1-year follow-up period, 123 patients (22.0%)
died. Patients who died within 1 year were older and more
likely to be male and had higher white cell counts, total
bilirubin, aspartate aminotransferase, alanine aminotrans-
ferase, creatinine levels, CTP and MELD scores, and LS values
than those who survived. In contrast, patients who died
within 1 year had lower hemoglobin, albumin, and sodium
levels than those who survived. One possible explanation for
the higher white cell counts and lower Hb and albumin in
non-survivors could be that they had more severe liver
disease and systemic inflammation, as indicated by the
higher CTP score in non-survivors. No significant differences
in the PT- and aPTT-based CWA parameters were observed
between patients who died and those who survived after 1-
year follow-up (►Supplementary Table S4 [available in the
online version only]).

A Cox regression analysis was performed to evaluate the
role of CWAvalues in predicting 1-year mortality (►Table 5).
The multivariable analysis revealed that min2 (adjusted
hazard ratio [aHR]¼0.111, 95% CI: 0.018–0.702, p¼0.02)
andmax2 (aHR¼0.062, 95% CI: 0.007–0.553, p¼0.01) of PT-
based CWA assays were independent factors associatedwith
the 1-year mortality after adjusting with age, gender, and LS.
►Supplementary Fig. S1A–F (available in the online version
only) depicts the Kaplan–Meier survival analysis at 1 year,
stratified by each CWA value.

Clot Waveform Analysis Parameters as a Predictor of
Acute Decompensation during the 1-year Follow-up
Period
Of 381 patients with compensated cirrhosis at enrollment,
46 patients (12.1%) developed at least one AD event during
the 1-year follow-up period. The baseline PT and aPTTvalues

were significantly higher in patients who developed AD than
in those who did not. Additionally, the PT-based CWA
parameters were significantly lower in patients with AD
than in those without AD (p<0.05). In contrast, no differ-
ences in the aPTT-based CWA parameters were observed
between patients with and without AD (►Supplementary

Table S5 [available in the online version only]).
Univariable analysis revealed that CTP score and LS were

associated with AD development during the 1-year follow-
up. However, themultivariable analysis revealed that only LS
(aOR¼1.029, 95% CI: 1.004–1.055, p¼0.03) was indepen-
dently associated with AD development (►Supplementary

Table S6 [available in the online version only]).

Discussion

This study investigated the association between CWA
parameters, liver disease severity, and clinical outcomes in
patients with cirrhosis. Furthermore, the potential role of
CWA parameters in predicting mortality and AD during 1-
year follow-up was investigated. The main findings of this
study were that the PT- and aPTT-based CWA parameters
were associated with cirrhosis severity assessed by the
cirrhosis stage, CTP classification, and MELD score. Increas-
ing cirrhosis severity was associated with hypocoagulable
features in PT- and aPTT-based CWA. LS and max2 of PT-
based CWA assay were independently associated with CTP B
and C. Furthermore, min2 andmax2 of PT-based CWA assays
may be the independent factors related to 1-year mortality.
In contrast, no differences in CWAparameterswere observed
between patients with cirrhosis with and without PVT. CWA
parameters were not related to AD during the 1-year follow-
up.

Patients with cirrhosis may develop bleeding and throm-
botic events. Some complications, such as variceal bleeding
and PVT, are related to liver dysfunction and portal hyper-
tension rather than hemostatic changes.19 Conventional
coagulation tests fail to reflect hemostasis derangement
and inadequately predict bleeding and thrombotic conse-
quences because they partially evaluate the hemostasis

Table 5 Association between clot wave analysis parameters and mortality within 1 year in patients with cirrhosis

Univariable analysis Multivariable analysisa

HR (95% CI) p-value HR (95% CI) p-value

PT-based CWA

Min1 0.998 (0.850–1.170) 0.98 0.735 (0.508–1.064) 0.10

Min2 0.806 (0.408–1.595) 0.54 0.111 (0.018–0.702) 0.02

Max2 0.481 (0.180–1.286) 0.15 0.062 (0.007–0.553) 0.01

aPTT-based CWA

Min1 0.979 (0.906–1.058) 0.98 1.073 (0.910–1.264) 0.40

Min2 0.944 (0.587–1.516) 0.81 2.122 (0.761–5.918) 0.15

Max2 0.796 (0.456–1.391) 0.42 1.511 (0.467–4.892) 0.49

Abbreviations: aPTT, activated partial thromboplastin time; CWA, clot wave analysis; HR, hazard ratio; max2, maximum deceleration; min1,
maximum velocity; min2, maximum acceleration; PT, prothrombin time.
aAdjusted for age, gender, and liver stiffness.
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system.20–22 These tests, particularly the international nor-
malized ratio (INR), are surrogate indicators of liver disease
severity. Additionally, global hemostatic tests, such as throm-
bingenerationandwhole-bloodviscoelastic tests, haveseveral
limitations and have not been clinically validated.

A previous study showed that the CWA parameters of the
aPTT assay were lower in patients with cirrhosis than in
healthy controls.23 Additionally, patients with cirrhosis with
high thromboembolic risk had higher CWA parameters than
those with low risk. The first derivative of aPTT-based CWA is
significantly associatedwith a high thromboembolic risk score
in patients with cirrhosis.23 Regarding bleeding risk, patients
with cirrhosis with high bleeding risk exhibited hypocoagu-
lablefeaturesonPT-basedCWAcomparedwith thosewith low
bleeding risk. CWA parameters have been reported to be
associated with an increased risk of bleeding.24 However, no
previous studies have investigated CWA parameters, liver
disease severity, and predictive ability for clinical outcomes.
This study showed that the CWA parameters of the PT and
aPTT assays were associated with cirrhosis severity. Patients
with more severe cirrhosis exhibited more hypocoagulable
characteristicsbasedonPT- and aPTT-basedCWAparameters.
This relationship may be partly explained by the inclusion of
INR in the CTP and MELD scores. However, these associations
remained significant even after considering the presence of
cirrhotic complications. CTP and MELD scores and LS values
assessed using vibration-controlled transient elastography
showed a weak to moderate negative correlation with CWA
parameters. The correlation coefficient of the PT-based CWA
assay was slightly higher than the aPTT-based CWA assay.
Patientswith recent bleeding were excluded from the study to
avoid interferencewith thehemostatic system. Thefindings of
this study contribute to providing the average CWA values
associated with each stage of liver cirrhosis.

PVT is a common thrombotic event in patients with
cirrhosis, with an annual incidence of 4.6 to 16.6%.6,7,25

The highest incidence occurs in patientswithmore advanced
liver disease. PVT is associated with increased variceal
bleeding and AD.25 PVT development is associated with liver
disease severity, portal hypertension severity, and portal
blood flow. A previous study showed no relationship be-
tween hemostatic parameters and PVT occurrence.6 Consis-
tent with these findings, this study showed no significant
differences in the CWA parameters between patients with
and without PVT. Regarding clinical outcomes, patients with
compensated and decompensated cirrhosis have 1-year
mortality rates of 1 to 3% and 15 to 57%, respectively.26,27

Furthermore, the incidence of AD is 11%, 16%, and 25% in 2, 3,
and 5 years, respectively.28 This study showed a 1-year
mortality rate of 22.0% in all patients with cirrhosis and a
1-year AD incidence of 12.1% in patients with compensated
cirrhosis. Previous studies have demonstrated that INR is an
independent factor related to short-termmortality and AD in
patients with cirrhosis.28–30 The current study revealed new
findings indicating that min2 and max2 of PT-based CWA
assays are independent factors related to 1-year mortality
after adjusting with age, gender, and LS. In contrast, CWA
parameters were not found to be related to AD during the 1-

year follow-up. The discrepancy in findings among the
studies might be explained by the variations in the severity
and cause of cirrhosis in the enrolled patients, as well as the
differences in treatment across the studies. Our findings
suggest that CWA values may play a role in determining
the severity of liver cirrhosis and predictingmortality within
1 year for patients with cirrhosis.

The study has some limitations. First, patients with a
recent history of bleeding, including variceal bleeding,
were excluded from this study because they might show a
compensatory mechanism, such as increased coagulation, to
restore hemostasis. Therefore, only a few patients with CTP
class C were included in the study. Second, there are two
types of CWAmachines. This study used a CWAmachine that
detects light transmittance during clotting reactions. There-
fore, applying the results to a different type of machine
requires caution. Third, the results of coagulation factors
and fibrinogen levels were not available in the study, which
prevented the evaluation of their association with CWA
parameters, mortality, and AD. Fourth, we lacked data on
CWA values in healthy controls. However, two prior studies
showed that CWA values were lower in patients with cirrho-
sis compared with healthy controls.

In conclusion, PT- and aPTT-based CWA parameters were
associated with cirrhosis severity. Furthermore, min2 and
max2 of PT-based CWA assays may be the factors related
to 1-year mortality. However, CWA parameters were not
associated with PVT or AD development during the 1-year
follow-up.

What is known about this topic?

• Conventional coagulation tests are unreliable for iden-
tifying the risk of bleeding or thrombosis in patients
with cirrhosis.

• Clot waveform analysis, a new global coagulation
assay, indicates a hypocoagulable profile in patients
with cirrhosis compared with healthy controls.

What does this paper add?

• A hypocoagulable profile based on CWA parameters is
associated with advanced-stage cirrhosis.

• Min1 andMax2 of PT-based CWA assay may be factors
related to 1-year mortality.

• CWA parameters were not associated with PVT.
• CWA parameters were not factors related to AD during

a 1-year follow-up in patients with cirrhosis.
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