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The Value of Thromboelastography in the
Diagnosis of Sepsis-Induced Coagulopathy
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Abstract
Thromboelastography (TEG) is regularly used for monitoring abnormalities of the coagulation system in patients with sepsis.
However, it is unclear whether TEG parameters are associated with sepsis-induced coagulopathy (SIC). Thus, we aimed to assess
the diagnostic value of TEG for SIC. The medical records of patients who underwent TEG from January 2016 to December 2016
were analyzed retrospectively. The patients were divided into sepsis group and non-sepsis group. Baseline patient characteristics
and coagulation function indexes were compared. Receiver–operating characteristic curve analysis was used to determine
predictors of SIC. A total of 167 patients were included, of whom 84 had sepsis. The clot formation speed (K) was significantly
higher(P < 0.001), and the maximum amplitude (MA) and angle were significantly lower (both P < 0.001) in the sepsis group than
that in non-sepsis group. Patients with SIC had higher Sepsis-related Organ Failure Assessment scores than those patients without
SIC (P < 0.001). The area under the curve of K for diagnosing SIC was 0.910. The area under the curve of angle and MA for
excluding SIC was 0.895 and 0.882, respectively. Thus, TEG parameters have good diagnostic value for SIC.
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Introduction

Sepsis, which is defined as life-threatening organ dysfunction

caused by a dysregulated host response to infection, kills mil-

lions of people globally each year.1 The host response in sepsis

is characterized by extensive activation of immune cells and

alterations in the coagulation system.2 The interaction between

the coagulation system, inflammatory reactions, and the

immune system during sepsis has attracted much attention.3,4

As previous studies of sepsis found coagulopathy to be quite

common in individuals with sepsis, a new concept of sepsis-

induced coagulopathy (SIC) was put forward to address the

importance of coagulopathy in the pathogenesis of sepsis.5 A

new scoring system has been proposed to define SIC, which

includes platelet count, international normalized ratio, and the

Sequential Organ Failure Assessment (SOFA) score. Research

has confirmed that the definition of SIC comprehensively indi-

cates the coagulation dysfunction in sepsis.6,7 However, some

studies have shown that thromboelastography (TEG) para-

meters may reflect abnormalities in the coagulation condition

closer to the actual situation of patients (e.g. possibility of

bleeding) than routine coagulation tests.8,9

It is not known whether TEG parameters can be used to

diagnose SIC, nor their value as predictors of long-term

survival in patients with sepsis. Thus, we have designed this

study to assess the diagnostic value of TEG parameters for SIC

and the correlation between TEG parameters and long-term

survival in patients with sepsis.

Materials and Methods

Study Design and Patients

We conducted a retrospective study that included all consecu-

tive patients who underwent TEG in Nanfang Hospital in
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Guangzhou Province, China, from January 2016 to December

2016. Patients aged 18 years who had undergone TEG were

included in the cohort. The exclusion criteria included the una-

vailability of clinical data, patient refusal to provide informa-

tion and patients on anticoagulation. First, we divided our

cohort into a sepsis group and a non-sepsis group based on the

Sepsis 3.0 definition.1 Second, we divided the sepsis group into

a SIC group and a non-SIC group based on the SIC definition.5

We interviewed the patient’s family members or the patient by

phone to investigate the patient’s status 2 years later and to

obtain consent. This study was performed in accordance with

the ethical standards of the Helsinki Declaration and was

approved by Southern Medical University Ethics Committee.

Clinical Data and Thromboelastography

Clinical data on each patient were retrospectively collected

using a standardized form. The form included the following

information: ID, age, sex, TEG results and date, diagnosis,

blood biochemical test results, and infection parameters (white

blood cell count, procalcitonin level, and C-reactive protein

level), organ failure and disease severity scores (SOFA score,

Acute Physiology and Chronic Health Evaluation [APACHE]

II score, and Disseminated Intravascular Coagulation [DIC]

score). The TEG examination was prescribed by the clinician

based on the patient’s clinical condition. The operation of TEG

was standardized. Blood samples were sent for inspection

1 hour after blood collection, and blood samples drawn over

2 hours were collected again to avoid result error. The instrument

used was Haemonetics TEG5000 of the United States. The timing

of the measurement of all the other variable parameters was

within 24 hours of the TEG examination. Follow-up data

included the date and cause of death censored at 2 years. The

recorded TEG variables included reaction time (R), clot for-

mation speed (K), angle, and maximum amplitude (MA).

Statistical Analysis

Continuous variables were presented as median (interquartile

range) or mean (+ standard deviation) and compared as appro-

priate. Categorical variables were presented as frequencies with

percentages (95% confidence interval [CI]), and compared as

appropriate. The value of TEG parameters in evaluating the diag-

nosis of SIC was analyzed using receiver-operating characteristic

(ROC) curve analysis. ROC curve analysis and the Kaplan-Meier

survival estimate curve analysis were used to analyze the value of

TEG parameters in predicting 2-year survival. The analyses were

performed using the SPSS Base Version 19.0 statistical software

package (IBM Corp, Armonk, NY, USA).

Results

Clinical Baseline Data

We enrolled 167 patients, of whom 69 were female and 98 were

male. Patients ranged in age from 18 to 93 years, with a median

age of 56 years. There were 84 patients in the sepsis group and

83 patients in the non-sepsis group. The baseline clinical data

are shown in Supplemental Table S1.

Comparison of Clinical Indicators Between the Sepsis
Group and the Non-Sepsis Group

The patients in the sepsis group were older than those in the

non-sepsis group but the difference between the groups was not

statistically significant. Compared to the non-sepsis group, the

sepsis group had significantly higher levels of inflammatory

markers, including the white blood cell count and neutrophil

percentage, SOFA score, and APACHE II score, while the

number of platelets was significantly lower in the sepsis group.

The results of the comparison of the clinical indicators between

the 2 groups are shown in Table 1.

Comparison of Coagulation Function Indices Between
the Sepsis Group and the Non-Sepsis Group

The fibrinogen level was lower in the sepsis group than the

non-sepsis group but this difference was not statistically sig-

nificant. Compared to the non-sepsis group, patients in the

sepsis group had a significantly longer prothrombin time

(PT) and partial thromboplastin time (APTT), significantly

higher R and K values, a significantly lower MA and angle,

and a significantly higher DIC score. The results of the com-

parison of the coagulation function indexes between the 2

groups are shown in Table 2.

Correlation Analysis Comparing the Coagulation Function
Indexes and the SOFA Score in Patients with Sepsis

In a subgroup analysis restricted to patients with sepsis, Spear-

man correlation analysis showed that PT, prothrombin time

international normalized ratio (INR), and K were positively

correlated with SOFA score (correlation coefficients: 0.559,

0.590 and 0.623, respectively; all P < 0.01), but the correlations

between APTT, fibrinogen, R and the SOFA score were all

<0.5. Contrastingly, MA and angle were negatively correlated

Table 1. Clinical Indicators Between the Sepsis Group and the
Non-Sepsis Group.

Clinical indicators Sepsis Non-sepsis Statistics P

Age (year) 57.00 (26.75) 54.00 (31.00) 2.814 0.10
White blood cell

count (�109/l)
9.02 (7.34) 7.40 (3.82) 6.267 0.014

Neutrophil
percentage (%)

83.40 (17.00) 68.80 (23.00) 14.456 0.000

Percentage of
lymphocytes (%)

9.70 (14.00) 22.50 (19.00) 32.433 0.000

Platelet (�109/l) 69.50 (130.25) 218.00 (141.00) 33.464 0.000
Hemoglobin (g/l) 80.00 (29.00) 120.00 (36.00) 67.989 0.000
Total bilirubin (umol/l) 31.00 (69.00) 7.90 (7.75) 9.331 0.003
albumin (g/l) 28.10 (10.00) 34.55 (14.15) 3.943 0.049
Creatinine (umol/l) 138.00 (153.00) 77.50 (97.75) 0.002 0.966
SOFA 8.00 (7.75) 1.00 (3.00) 115.638 0.000
APACHE II 23.50 (20.50) 6.00 (5.00) 110.033 0.000
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with the SOFA score (correlation coefficients: �0.614 and

�0.546, respectively; both P < 0.01).

Comparison of Coagulation and Organ Function Indexes
Between the SIC Group and the Non-SIC Group

There were 59 patients with SIC and 25 patients with non-SIC

in the sepsis group. We found no significant difference in PT

between the SIC group and non-SIC group. Compared to those

in non-SIC group, the APTT, INR, R, and K were significantly

longer, the angle and MA were significantly lower and the

SOFA score was significantly higher in the SIC group. The

results of the comparison of the coagulation function indexes

and the SOFA score between the SIC group and the non-SIC

group are shown in Table 3.

Receiver-Operating Characteristic Curve Analysis of the
Thromboelastography Parameters for Diagnosing Sepsis-
Induced Coagulopathy

ROC curve analysis of the use of K for diagnosing SIC revealed

an area under the curve of 0.910 (95% CI: 0.825–0.994); diag-

nostic threshold of 2.1, sensitivity of 91.2%, specificity of

92.0%, and an approximate index of 0.832 (Figure 1A).The

areas under the curve of angle and MA for excluding SIC were

0.895 and 0.882 (95% CI: 0.808–0.981 and 0.795–0.969),

respectively; the thresholds were 61.55 and 54.00, respectively.

The sensitivity of angle was 92.0%, specificity was 88.1%, and

the approximate index was 0.801 (Figure 1B). The sensitivity

of MA was 96.0%, specificity was 81.4%, and the approximate

index was 0.774 (Figure 1C). R was unable to diagnose SIC.

Receiver-Operating Characteristic Curve Analysis
of Thromboelastography Indicators as Predictors
of 2-Year Survival of the Patients With Sepsis

The areas under the curve of angle and MA for predicting

2-year survival of patients with sepsis were 0.750 and 0.692

(95% CI: 0.646–0.854, and 0.577–0.806), respectively; the

diagnostic thresholds were 51.30 and 43.65, respectively. The

diagnostic sensitivity of angle was 80.6%, specificity was

58.3%, and approximate index was 0.389 (Figure 2). The diag-

nostic sensitivity of MA was 83.3%, specificity was 52.1%, and

the approximate index was 0.354 (Figure 3). R and K did not

predict 2-year survival of patients with sepsis.

Kaplan-Meier Survival Analysis of Thromboelastography
Parameters for Predicting the 2-Year Survival of Patients
With Sepsis

Of the 84 patients with sepsis, 48 died within 2 years. Of these

48 patients, 31 died of multiple organ failure, 3 died of hemor-

rhagic shock, 7 died of cardiac failure, and 7 died of unknown

causes. The Kaplan-Meier analysis revealed that there was

as significant difference in 2-year survival according to MA

(P ¼ 0.04), while the difference in survival according to angle

was not significant. The Kaplan-Meier survival curve for MA

is shown in Figure 4.

Discussion

Our study results suggest that coagulation dysfunction is com-

mon in patients with sepsis, whether it is diagnosed by tradi-

tional methods or by thromboelastography. The abnormal

coagulation function revealed by thromboelastography is

closely related to the severity of the sepsis, which is consistent

with the recent report.10 Our study is the first to document that

the K of TEG is highly accurate for the diagnosis of SIC, while

angle and MA of TEG are highly accurate for the exclusion of

SIC.

In this study, we found that patients with sepsis had higher

levels of inflammatory markers and more severe organ dys-

function than the patients without sepsis.11,12 Regarding the

TEG indicators, patients with sepsis had high K values whereas

lower values for angle and MA than patients without sepsis.

This shows that a hypocoagulable state is common in patients

with sepsis. Although TEG parameters in septic patients or

patients with SIC can range from hypercoagulable to a hypo-

coagulable state, a hypocoagulable profile on admission was

shown to be an independent risk factor for 30-day mortality

while the presence of hypercoagulability did not predict out-

come,13 which indicates that a hypocoagulable state is more

harmful to the body function. Our findings are consistent with

Table 2. Comparison of Coagulation Function Indexes Between the
Sepsis and Non-Sepsis Group.

Observation index Sepsis Non-sepsis Statistics P

PT (s) 16.70 (8.15) 12.30 (3.10) 9.248 0.003
APTT (s) 48.70 (37.10) 35.20 (11.35) 15.553 0.003
INR 1.47 (0.72) 1.10 (0.27) 22.127 0.000
FIB (g/l) 2.16 (3.03) 3.00 (2.12) 3.837 0.052
R 6.55 (4.70) 5.80 (2.90) 10.967 0.001
K 3.20 (3.35) 1.80 (1.02) 12.989 0.000
Angle 52.70 (25.40) 65.60 (12.00) 20.547 0.000
MA 47.00 (26.03) 64.70 (15.70) 25.174 0.000
DIC score 4.00 (2.00) 0.00 (3.00) 77.073 0.000

Table 3. Comparison of Coagulation and Organ Function Indexes
Between the SIC and Non-SIC Group.

Observation index SIC Non-SIC Statistics P

PT (s) 18.20 (7.40) 13.20 (4.15) 2.555 0.114
APTT (s) 53.50 (43.70) 40.10 (20.15) 67.305 0.005
INR 1.63 (0.65) 1.17 (0.34) 8.526 0.005
FIB (g/l) 1.74 (1.12) 4.37 (2.40) 31.848 0.000
R 7.10 (6.20) 5.90 (2.00) 2.639 0.108
K 3.80 (4.05) 1.60 (0.90) 11.715 0.001
Angle 49.10 (21.90) 67.20 (11.40) 42.443 0.000
MA 43.50 (16.00) 68.20 (15.65) 45.006 0.000
DIC score 5.00 (2.00) 3.00 (3.00) 45.703 0.000
SOFA 10.00 (6.00) 3.00 (4.50) 42.340 0.000
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the results of previous studies.10 We also found that abnormal

coagulation function is closely related to the SOFA score, sug-

gesting that coagulation abnormalities and organ dysfunction

interact in individuals with sepsis. A study by Prakash et al.14

had similar results.

To note the importance of coagulation dysfunction in sepsis,

SIC was proposed for clinician to diagnose the coagulopathy.

The standard method of diagnosing SIC includes platelet count,

Figure 1. Receiver-operating characteristic curve analysis of the
thromboelastography parameters for diagnosing sepsis-induced
coagulopathy. (a) K diagnosed sepsis-induced coagulopathy. (b) Angle
excluded sepsis-induced coagulopathy. (c) MA excluded sepsis-
induced coagulopathy.

Figure 2. Angle predicted 2-year survival of patients with sepsis.

Figure 3. MA predicted 2-year survival of patients with sepsis.

Figure 4. The Kaplan-Meier survival estimate curve for MA.
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INR, and SOFA score.5 Several studies have found that patients

who meet the diagnostic criteria for DIC also meet the diag-

nostic criteria for SIC, while only half of patients with SIC

meet the diagnostic criteria for DIC, and the SIC is associated

with more severe organ dysfunction compared to sepsis with-

out SIC.6,7,15 Our results are consistent with the results of pre-

vious studies.

Several recent reports have shown that TEG parameters are

superior to routine coagulation tests such as INR for diagnosing

coagulopathy.9,10 However, we were unable to find any previ-

ous reports on the use of TEG for diagnosing SIC. To analyze

diagnostic value of K for diagnosing SIC, we performed ROC

curve analysis and found that the area under the curve for

predicting SIC was 0.910, and the sensitivity and specificity

were high. Additionally, the area under the ROC curve of angle

and MA for excluding SIC were 0.895 and 0.882, respectively,

and these parameters also had high sensitivity and specificity

for diagnosing non-SIC. These results indicate that TEG is an

effective method for diagnosing SIC.

A recent study has shown that coagulation indicators (e.g.

international normalized ratio) correlates with 1-year mortality

of patients with sepsis.16 However, it is still unclear whether

TEG correlates with long-term survival in patients with sepsis.

To further determine the association between TEG and long-

term survival in patients with sepsis, we followed up all sepsis

patients for 2 years and carried out ROC curve and Kaplan-

Meier survival analyses. ROC curve showed that both angle

and MA predicted 2-year survival of patients with sepsis, while

R and K did not. Interestingly, Kaplan-Meier survival analysis

showed that only MA predicted the 2-year survival of patients

with sepsis. These results suggest that that MA is of value for

predicting 2-year survival in patients with sepsis. This result

may be attributable to platelets, which play a significant role in

thrombosis, chronic inflammation, and the immune system in

sepsis.17,18

There are some limitations in our study. First, we did not

analyze the difference of TEG parameters among patients with

diverse infected sites and types of bacterial infection in this

study. Therefore, the effect of different sites of infection and

different types of bacterial infection on the relationship

between TEG parameters and sepsis requires further investiga-

tion. Second, our sample size is relatively small, so our study

has limited statistical power.

In summary, thromboelastography variables are closely

related to SIC and may have diagnostic value. This suggests

that TEG may be a reliable alternative to standard diagnostic

methods for diagnosing SIC. Furthermore, MA is a good pre-

dictor of 2-year survival among patients with sepsis. Our

results demonstrate that TEG is of value in the diagnosis of

sepsis and predicting survival among patients with sepsis.

These results require validation from additional studies with

a larger sample size.
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