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Abstract

INTRODUCTION: Thromboelastography (TEG) provides a global assessment of hemostasis and 

may have value for patients with cirrhosis who have multiple hemostatic defects. We sought to 

examine the characteristics of TEG in hospitalized patients with cirrhosis and its relationship with 

outcomes.

METHODS: We performed a cohort study of all adults with cirrhosis hospitalized at Indiana 

University Hospital between November 2015 and October 2018 with a TEG. We examined the 

relationships among TEG, traditional measures of hemostasis, liver disease severity, and outcomes, 

including mortality, discharge to hospice, length of stay, and 30-day readmission.

RESULTS: A total of 344 patients met inclusion and exclusion criteria. R-value was elevated 

(≥10 min) in 4.5%, alpha angle was low (<45°) in 9.3%, and maximum amplitude (maximum 

amplitude) was low (<55 mm) in 72.1%. K-value, alpha angle, and maximum amplitude were all 

correlated with both platelet count and fibrinogen (absolute rho range 0.52–0.67); R-value and 

international normalized ratio (INR) were not strongly correlated with traditional measures or 

TEG, respectively. Patients with bleeding had hypercoagulable profiles, and patients with infection 

had increased R-value and decreased alpha angle. A total of 35.8% died or were discharged to 

hospice, and these patients had a greater R-value and smaller alpha angle. However, after 

adjustment for model for end-stage liver disease (MELD), neither R-value nor alpha angle were 

associated with discharge outcomes.

CONCLUSIONS: TEG provides insight into the hemostatic state of patients with cirrhosis 

beyond that of standard measures of hemostasis. It is associated with liver disease severity and 

outcomes and may play a role complementary to standard measures of hemostasis in this 

population.
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INTRODUCTION

Liver cirrhosis manifests in hepatic failure and portal hypertension with sequelae that have 

well-described implications.1 Among these sequelae are laboratory features of defective 

hemostasis. Patients with cirrhosis may fail to synthesize coagulation factors, resulting in 

increased international normalized ratio (INR), and they may have portal hypertension and 

thrombocytopenia. Therefore, cirrhosis has been considered a bleeding disorder. However, 

this notion has been challenged in studies assessing postprocedural bleeding.2–7 

Furthermore, evidence of decreased endogenous anticoagulant factors (eg, protein C and 

antithrombin) and increased procoagulants (eg, factor VIII and von Willebrand factor) has 

led to the recognition of rebalanced hemostasis.8–11

Because conventional laboratory values (ie, INR and platelet count) do not capture the 

complexity of hemostasis in cirrhosis, a more comprehensive approach is needed. 

Thromboelastography (TEG) provides an assessment of clot formation, strength, and 

longevity with measures describing different coagulation components. In cirrhosis, TEG has 

been studied in transfusions in invasive procedures and nonvariceal hemorrhage.12–18 TEG 

has also been investigated in acute liver failure, acute-on-chronic liver failure, nonalcoholic 

fatty liver disease, and alcoholic hepatitis.19–25 Such aspects of liver disease can be present, 

sometimes simultaneously, when patients with cirrhosis are hospitalized. Hospitalizations of 

patients with cirrhosis are fraught with morbidity, mortality, and high readmission rates.26–28

TEG may provide insight for the care of hospitalized patients with cirrhosis. We sought to 

explore the features of TEG in this population through a cohort study examining TEG in 

routine clinical practice.

METHODS

Study Design and Participants

This study was approved by the Indiana University Institutional Review Board. We reviewed 

all adults with cirrhosis admitted to Indiana University Hospital between November 2015 

and October 2018 with a TEG. Patients were identified through cirrhosis diagnostic codes 

and electronic TEG orders. All TEGs were performed for routine clinical care and were not 

obtained for research. Cirrhosis diagnoses were confirmed through chart review, including 

cirrhosis on histology, or based on clinical, laboratory, and imaging features. We excluded 

patients admitted for elective procedures or liver transplant surgery. Patients were followed 

from the admission date to 30 days post discharge. For patients with multiple TEGs, only the 

first was examined.
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Thromboelastography

TEG provides measures corresponding to clot formation and dissolution (Figure 1). The R-

value is the latent time prior to the beginning of the clot. The K-value is the time from clot 

onset until the clot strength reaches a magnitude of 20 mm. Alpha angle is the angle between 

the starting point and the tangent of the curve. These values measure clot kinetics and 

acceleration of fibrin formation and cross-linking. The maximum amplitude corresponds to 

platelet concentration, function and interaction with fibrin. Lastly, LY30 is the percentage 

reduction in clot strength 30 minutes after the maximum amplitude (fibrinolysis).29,30 We 

considered values to be abnormal as follows: R-value >10 min, angle <45°, and maximum 

amplitude <55 mm.31,32 We did not specify K-values as abnormal because of a lack of data 

defining K-value cutoffs.31 All TEGs were performed on citrated samples with kaolin 

activation (TEG 5000 Thromboelastograph Hemostasis Analyzer, Haemonetics Corp.).

Outcomes

Outcomes included inpatient and 30-day mortality, discharge to hospice, hospital length of 

stay, and 30-day readmission.

Variables

We collected demographic and clinical characteristics at admission and at the time of TEG. 

We recorded patient age, sex, race, liver disease etiology, and location in the hospital (ie, 

intensive care unit [ICU], floor). We calculated the Charlson Comorbidity Index33 and 

collected liver-specific complications: hepatic encephalopathy, ascites, portal vein 

thrombosis, and deep vein thrombosis. We examined the presence of active bleeding or 

infection at the time of TEG. Laboratory values of interest included hemoglobin, platelet 

count, leukocyte count, and values to calculate Child-Pugh, model for end-stage liver disease 

(MELD), and MELD-Na scores.34–36 Vital signs and information on dialysis and 

mechanical ventilation were collected to assess for acute-on-chronic liver failure.37 We 

captured inpatient transfusions within 48 hours prior to TEG. Medications (ie, antiplatelet 

agents, direct oral anticoagulants, warfarin, and heparin) were collected.

Statistical Analysis

Continuous variables were described using means with standard deviations or medians with 

interquartile ranges (IQRs) and compared using Student t-test, Wilcoxon rank sum test, or 

analysis of variance. Categorical variables were described with frequencies and percentages 

and compared using the χ2 test. Spearman correlation was used to examine correlation 

between TEG and traditional measures of hemostasis. Multivariable logistic regression was 

used to examine variables associated with death or discharge to hospice. An approximate 

mean TEG was plotted using ggplot2.38 Two-sided tests were employed throughout, with P 
value <0.05 considered statistically significant. All analyses were performed using R Studio 

(version 1.2.1335).39

Shamseddeen et al. Page 3

Am J Med. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Study Cohort Characteristics

Of 657 patients, 344 met inclusion and exclusion criteria (Figure 2). The mean age was 54, 

55% were males, 90% were white, and 61% were in ICU at the time of TEG (Table 1). The 

most common etiology of liver disease was alcohol (54%). The mean MELD-Na was 29, 

85% had Child-Pugh C cirrhosis, and 37% had acute-on-chronic liver failure. At the time of 

TEG, 56% had active bleeding (45% gastrointestinal bleed, 4% intra-abdominal, 4% 

intracranial, 3% epistaxis), 47% had infection (16% pneumonia, 14% spontaneous bacterial 

peritonitis, 11% spontaneous bacteremia, 10% urinary tract infection), and 11.3% had 

thrombosis.

TEG Characteristics

TEG was performed on median hospital day 1 (IQR 1–4). TEG values from our cohort are 

visualized in Figure 1 as an approximate mean TEG curve. Median (IQR) R-value and K-

value were 4.6 (3.8–5.7) and 2.1 (1.5–3.1) minutes, respectively. Median alpha angle was 

65.2° (56.3–70.7). Median maximum amplitude was 48.2 mm (40.2–56.0), and LY30 was 

0.0% (0.0–0.5).

Patients With Abnormal TEG Values

R-Value.—Only 15 patients (4.5%) had an elevated R-value (≥10 min) (Supplementary 

Table 1, available online). Compared to those with normal R-value, these patients were 

younger (mean age 48.3 vs 54.7 years, P = 0.03), with higher creatinine (mean 3.6 vs 2.0 

g/dL, P <0.001), MELD (mean 35.5 vs 27.5, P = 0.003), MELD-Na (mean 36.2 vs 28.5, P = 

0.003), and leukocyte count (mean 17.6 vs 11.1, P = 0.003). There was no difference in 

prevalence of acute-on-chronic liver failure. R-value was not associated with INR or use of 

anticoagulants; length of stay, mortality, and readmissions were similar in those with normal 

and elevated R-values.

Alpha Angle.—A total of 32 patients (9.3%) had a low alpha angle (<45°) (Table 1). 

Compared to those with a normal angle, these patients were more likely to be receiving 

therapeutic heparin (9% vs 1%). They were also less likely to be bleeding (25% vs 60%, P 
<0.001) and more likely to have a thrombus (portal vein thrombosis: 16% vs 6%, P = 0.03; 

deep vein thrombosis 29% vs 10%, P = 0.002). Patients with low alpha angle had higher 

MELD scores and INR, and lower platelet count and fibrinogen. They were more likely to 

die at 30 days (53% vs 31%, P = 0.01).

Maximum Amplitude.—A total 248 patients (72.1%) had a low maximum amplitude 

(<55 mm) (Table 1). Compared to those with a normal maximum amplitude, these patients 

were more likely to be males and less likely to have either thrombosis or bleeding. They 

were also more likely to have Child-Pugh C cirrhosis, and they had greater MELD scores. In 

addition to lower platelet counts, these patients had greater INR and lower fibrinogen. Use 

of antiplatelet agents were similar in those with and without low maximum amplitudes. 

Mortality, length of stay, and readmissions were also similar.
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Correlations Between Measures of Hemostasis

All correlations between TEG and traditional measures of hemostasis were statistically 

significant (Table 2). R-value and LY30 were not strongly correlated with traditional 

measures (absolute rho range 0.13–0.37). INR was not strongly correlated with TEG 

measures (absolute rho range 0.19–0.37). In contrast, K-value, alpha angle, and maximum 

amplitude all had moderate-to-strong correlations with platelet count and fibrinogen 

(absolute rho range 0.52–0.67).

Measures of Hemostasis in Patients With Bleeding and Infections

Measures of hemostasis according to the presence of active bleeding and infection are shown 

in Table 3. Patients with bleeding had shorter R-values and K-values, greater alpha angles, 

and greater maximum amplitudes. INR was lower in those with bleeding; platelet count and 

fibrinogen were not significantly different. The differences persisted after excluding patients 

who received transfusions within 48 hours of TEG (n = 112) (Supplementary Table 2, 

available online). Patients with infection had longer R-value, smaller alpha angle, and 

greater INR. However, K-value, maximum amplitude, platelet count, and fibrinogen were 

not significantly different. After excluding patients who received transfusions, R-value and 

INR remained greater in those with infections, but there was no difference in alpha angle.

OUTCOMES

The median length of stay was 12 days (IQR 6–20). In-hospital mortality was 29.1% (30-day 

mortality 33.4%), 7.0% were discharged to hospice, and the 30-day readmission rate was 

24.7%. Comparisons between patients that died inhospital or were discharged to hospice and 

those that were alive at discharge are presented in Table 4. Those who died or who were 

discharged to hospice were more likely to be in ICU or to have infection or acute-on-chronic 

liver failure. Patients who died had higher MELD and Child-Pugh scores. They also had 

higher leukocyte count, lower fibrinogen, longer R-value, smaller alpha angle, and smaller 

LY30. K-value and maximum amplitude were similar in those discharged alive compared to 

those who died. In logistic regression adjusting for acute-on-chronic liver failure only, alpha 

angle was associated with mortality or hospice (beta coefficient −0.98; 95% confidence 

interval 0.96–1.00). However, after adjusting for MELD, this relationship was not 

significant. R-value was not associated with mortality or hospice after adjustment for either 

MELD or acute-on-chronic liver failure.

DISCUSSION

This cohort study is the largest assessing TEG in routine practice for hospitalized patients 

with cirrhosis. We described TEG in relevant settings (ie, bleeding and infection), examined 

correlations between TEG and traditional hemostasis measures, and assessed relationships 

among TEG, liver disease severity, and outcomes.

Clot initiation and propagation were relatively normal as the 25th and 75th percentiles for R-

value, K-value, and alpha angle were within the previously reported range for healthy 

individuals.40 Clot formation and propagation is likely to be preserved because of 

rebalanced hemostasis in cirrhosis where deficiencies in platelets and clotting factors II, VII, 
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IX, and X are met by increased von Willebrand factor (vWF) and factor VIII and 

deficiencies in anticoagulant factors (ie, protein C, protein S, and antithrombin).11,41 In 

contrast to this normal clot initiation, 72% had a low maximum amplitude. This finding is 

largely attributable to thrombocytopenia, which was present in 83% of our cohort. In 

addition, maximum amplitude is also dependent on the fibrin network, which is impaired in 

cirrhosis as a result of the decreased production of fibrinogen and dysfibrinogenemia.42 

Notably, maximum amplitude was correlated with both fibrinogen and platelet count. 

Despite the severity of liver disease in our study (mean MELD 28), TEG profiles resembled 

a normal population more closely than another study of patients with cirrhosis.13 However, 

the prior study had strict criteria for inclusion (ie, INR >1.8, platelet count <50) and 

exclusion (ie, bleeding, thrombosis, anticoagulation). Therefore, our study may be more 

representative of hospitalized patients with end-stage liver disease.

Patients with cirrhosis have a large burden of comorbidities and often have indications for 

anticoagulation and antiplatelets. Interestingly, these agents were not associated with either 

abnormal R-value or maximum amplitude. A lack of response of maximum amplitude to 

antiplatelets has been described previously.43,44 However, our findings contrast with data 

supporting an effect of anticoagulants on R-value and maximum amplitude.45,46 Our study 

may have been underpowered to detect such differences because prolonged R-value and use 

of anticoagulation were rare. Unlike R-value and maximum amplitude, a low alpha angle 

was more likely to be present with therapeutic heparin, consistent with heparin’s role in 

preventing fibrin generation.47 This finding may also explain the paradoxical lower alpha 

angle in patients with thrombosis, reflecting thrombosis treatment rather than an innate 

hypocoagulability. Of note, we also found a nonsignificant trend in the association between 

prophylactic heparin and alpha angle.

The dynamic relationship among TEG and INR, platelet count, and fibrinogen remains 

incompletely understood. In our results, correlations between TEG values and traditional 

measures of hemostasis were mostly moderate to weak. This weak correlation has been 

shown previously48,49 and highlights the unique information provided by TEG. It also 

indicates that TEG may have value as a complement to, rather than a substitute for, 

traditional labs. In this light it is important to understand how TEG behaves in the setting of 

bleeding or infection.

Patients with bleeding had more hypercoagulable profiles on both TEG and traditional labs 

of hemostasis. Patients with bleeding might be exhibiting a compensatory mechanism that 

manifests as increased coagulation to regain hemostasis. In a study that compared patients 

with cirrhosis who were bleeding to normal controls, patients who were bleeding had a 

lower maximum amplitude and longer K-value only, but similar R-value and alpha angle, 

suggesting that some TEG parameters are insensitive to active bleeding.49 In addition, 

multiple studies have documented a lack of relationship between traditional markers of 

hemostasis and the risk of bleeding in this population.25,49 The value of these markers is yet 

to be determined in terms of bleeding risk.

In contrast to bleeding, patients with infections in our study had impairments in clot 

initiation and propagation (R-value and alpha angle). These findings are consistent with 
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previous work in patients with cirrhosis showing impaired coagulation on TEG correlating 

temporally with infections.50 This impairment can be attributed to circulating endogenous 

heparinoids, which are increased in the setting of infection.51–53 Our study further supports 

the notion that the rebalanced hemostasis in cirrhosis is fragile and can deteriorate in the 

setting of infection. TEG may be a valuable tool to assess hemostasis in cirrhosis, 

particularly in infections.

Overall, patients with abnormal TEG parameters consistently had greater MELD scores, a 

finding that has previously been demonstrated in patients undergoing liver transplant.54 Our 

results extend these findings to patients with cirrhosis hospitalized for reasons other than 

transplant because we excluded patients admitted for transplant. This relationship can be 

explained in part by the inclusion of INR as a measure of coagulopathy within the MELD 

score. However, the coagulopathy detected by TEG appears to be related to other 

components of liver disease severity as well, including an association between bilirubin and 

alpha angle and an association between creatinine and R-value. TEG may, therefore, reflect 

liver disease severity independent of its relationship with INR.

Despite the relationship between TEG and liver disease severity, few studies have examined 

TEG as a potential predictor of outcomes for patients with cirrhosis. One study of 

ambulatory patients with cirrhosis showed no difference in long-term transplant-free survival 

with respect to any TEG measures.25 In our study, 36% of patients died or were discharged 

to hospice, reflecting the severity of illness of hospitalized patients with cirrhosis at a 

tertiary care center. When compared to those who survived their hospital stay, those that died 

or were discharged to hospice had longer R-values and smaller alpha angles. However, these 

relationships were nullified by well-established markers of inpatient cirrhosis mortality (ie, 

MELD and acute-on-chronic liver failure), suggesting a limited role for TEG in short-term 

mortality prediction.

This single-center inpatient study has several limitations, including limited external validity 

because of heterogeneity in TEG availability and use at different centers. Multicenter or 

population-based studies assessing TEG characteristics and outcomes in similar populations 

are needed to confirm our findings and enhance generalizability. Another limitation is the 

study reliance on TEGs obtained for routine clinical care, which prevented a more 

systematic assessment that could be achieved with a prospective protocol. However, the 

benefit of this type of data collection is that we were able to examine the performance of 

TEG in routine clinical care, which may better inform clinicians for real-world practice. In 

contrast to these limitations, this study benefits from a large sample size (ie, the largest 

description of TEG in real-world use for patients with end-stage liver disease) with robust 

postdischarge follow-up. We also employed detailed, granular data collection, including in-

depth assessments of medications, the presence of acute-on-chronic liver failure, and the 

presence of thromboses, including portal vein thrombosis.

CONCLUSIONS

TEG provides a unique insight into the hemostatic state of patients with cirrhosis that cannot 

be ascertained based on standard measures of hemostasis alone. Overall, patients with 
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cirrhosis have preserved initiation and propagation of clots, with impaired maximum clot 

strength. Infections significantly impact coagulation in this population, though bleeding does 

not necessarily reflect more severe impairment in coagulation. TEG is associated with both 

liver disease severity and clinical outcomes and may play a role complementary to standard 

measures of hemostasis in this population. Further work is needed to better establish how 

TEG may fit into routine clinical care and how it may fill gaps in our understanding of end-

stage liver disease.
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CLINICAL SIGNIFICANCE

• Hospitalized patients with cirrhosis have preserved clot initiation and 

propagation but impaired maximal clot strength.

• Thromboelastography does not correlate well with traditional measures of 

hemostasis in this population.

• Thromboelastography is associated with liver disease severity in this 

population but not with outcomes.
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Figure 1. 
Thromboelastography curve estimate in hospitalized patients with cirrhosis. R-value is the 

time for clot initiation. K-value is the time needed to reach 20 mm amplitude. Alpha angle is 

the angle between the starting point and the tangent of the curve. MA is the maximum 

amplitude.
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Figure 2. 
Inclusion and exclusion flow diagram.
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Table 2

Spearman Correlations Between TEG and Traditional Measures of Hemostasis

INR Platelet Count Fibrinogen

R-value 0.37 −0.13 −0.20

K-value 0.24 −0.59 −0.59

Alpha angle −0.24 0.55 0.52

MA −0.37 0.63 0.67

LY30 −0.19 0.25 0.23

INR = international normalized ratio; LY30 = clot lysis at 30 min; MA = maximum amplitude; TEG = thromboelastography.
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Table 4

Characteristics of Patients Based on Hospital Outcomes

Alive at Discharge (N = 221) Inpatient Death/Hospice (N = 123) P Value

Age 54.6 (10.7) 54.2 (11.8) 0.739

Males, % 55.2 54.5 0.896

White, % 92.3 87 0.233

Cirrhosis etiology, % 0.376

- Alcohol 52.5 56.1

- NASH 27.6 19.5

- HCV 10.0 11.4

- Other 10.0 13.0

CCI 6.6 (2.4) 6.9 (2.4) 0.205

PVT, % 8.6 3.3 0.057

DVT, % 13.6 7.3 0.079

ICU, % 54.3 72.4 0.001

Bleeding, % 53.4 61.8 0.132

Infection, % 40.3 59.3 <0.001

ACLF, % 25.2 58.8 <0.001

Child Pugh A/B/C, % 1.0/21.1/78.0 0.0/3.3/96.7 <0.001

MELD score 24.7 (8.9) 33.3 (9.9) <0.001

MELD-Na score 25.9 (9.2) 34.0 (9.3) <0.001

R-value 4.3 (3.6, 5.3) 5.1 (4.2, 6.5) <0.001

K-value 2.0 (1.4, 2.9) 2.2 (1.5, 3.2) 0.122

Alpha angle 65.6 (57.5, 71.4) 63.4 (54.5, 69.8) 0.041

MA 48.9 (40.7, 56.8) 46.5 (39.6, 55.3) 0.241

LY30 0.0 (0.0, 0.7) 0.0 (0.0, 0.2) 0.038

INR 2.2 (1.2) 2.8 (1.4) < 0.001

Platelets 97.1 (67.9) 92.7 (68.2) 0.562

Total Bilirubin 4.2 (2.0, 9.3) 8.2 (4.7, 17.7) < 0.001

Creatinine 1.8 (1.4) 2.6 (1.8) < 0.001

Fibrinogen 164.9 (98.8) 132.0 (55.8) 0.017

Albumin 2.8 (0.6) 2.7 (0.6) 0.256

Hemoglobin 8.4 (1.7) 8.2 (1.9) 0.318

WBC 9.6 (6.5) 14.6 (10.0) < 0.001

Length of Stay (days) 12.0 (6.0, 20.0) 11.0 (4.5, 20.0) 0.381

ACLF = acute-on-chronic liver failure; CCI = Charlson Comorbidity Index; DVT = deep vein thrombosis; HCV = hepatitis C virus; ICU = 
intensive care unit; INR = international normalized ratio; LY30 = clot lysis at 30 min; MA = maximum amplitude; MELD = model for end-stage 
liver disease; Na = sodium; NASH = nonalcoholic steatohepatitis; PVT = portal vein thrombosis; WBC = white blood cell count.
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