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	 Background:	 The aim of this study was to analyze the changing role of thrombelastography (TEG) by detecting the indexes 
of TEG in patients with acute cerebral hemorrhage and cerebral infarction, combined with pathogenesis, and 
to find objective laboratory indexes for the diagnosis and treatment of cerebrovascular diseases.

	 Material/Methods:	 Data from 150 patients were collected, including 69 cases identified as the cerebral infarction group and 81 
cases identified as the cerebral hemorrhage group. In addition, 50 healthy adults were selected as a control 
group. The cerebral hemorrhage group was divided into 3 subgroups according to the amount of bleeding: 
small hemorrhage group, moderate hemorrhage group, and large hemorrhage group. The diagnosis for each 
participant was mainly based on computed tomography (CT) and magnetic resonance imaging (MRI). TEG in-
dexes [R value (coagulation reaction time), K value (coagulation time), Angle (reflecting the formation rate of 
blood clot and the function of fibrinogen), MA (maximum thrombus amplitude), CI (coagulation index)] were 
measured by TEG YZ5000 instrument.

	 Results:	 The cerebral infarction group had lower R and K values and higher Angle and CI (P<0.05). The cerebral hem-
orrhage group had higher K value; the Angle and MA were lower in the moderate hemorrhage group and in 
the large hemorrhage groups (P<0.05). In the cerebral hemorrhage group, Angle and MA were negatively cor-
related with the amount of cerebral hemorrhage (r=–0.475, –0.394 respectively, P<0.05), and the K value was 
positively correlated with the amount of cerebral hemorrhage (r=0.337, P<0.05), while the R value had no sig-
nificant correlation with the amount of cerebral hemorrhage (r=0.251, P>0.05). R and K values in the cerebral 
infarction group were significantly lower, while Angle, MA, and CI were significantly higher in the cerebral hem-
orrhage group.

	 Conclusions:	 K value, Angle, and MA may be of value in the assessment of the amount of cerebral hemorrhage.
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Background

Cerebrovascular disease is one of the 3 major killers of hu-
man life and health [1,2]. It has the characteristics of high inci-
dence, disability, mortality, and recurrence rates. Among cere-
brovascular diseases, acute cerebral infarction has the highest 
incidence rate (50% to 80%), and its disability rate can be as 
high as 50% to 70% [3,4]. The incidence rate of acute cere-
bral hemorrhage is second only to that of cerebral infarction, 
and accounts for 20% to 30% of all cerebrovascular diseases, 
but its mortality rate is much higher than that of acute cere-
bral infarction, ranking first in cerebrovascular diseases [5].

Previous studies have shown that coagulation indexes, such as 
D-dimer, fibrinogen (FIB), and platelet agglutination (PAg), are 
correlated with the severity of cerebral hemorrhage and cere-
bral infarction, and can be used as important indexes for eval-
uating the patient’s condition and judging prognosis [3,4,6]. 
A study in China, and other countries, showed that the level 
of plasma D-dimer in patients with cerebrovascular diseases 
was significantly higher than that in a normal control group, 
and the level of plasma D-dimer in the acute stage of isch-
emic cerebrovascular disease was significantly higher than 
that in the convalescent stage [6]. In patients with cerebral 
hemorrhage, it was found that the higher the plasma level of 
D-dimer, the greater the amount of cerebral hemorrhage and 
the severer the condition. A clinical study has shown that el-
evated FIB is an independent risk factor for ischemic cerebro-
vascular disease [7]. The increase of FIB level indicates an in-
crease in the risk of cerebrovascular disease, which can guide 
the prognosis of cerebrovascular disease. PAg mainly reflects 
the aggregation function of platelets, and can have a guiding 
role in treatment with antiplatelet aggregation drugs [8,9].

Thrombelastography (TEG) can be used to monitor the whole 
process, from initiation of internal and external coagulation 
systems and the formation of fibrin, to blood clot dissolution. 
It can aid in qualitative and quantitative diagnosis of coagu-
lation function by synthesizing various parameters [10]. The 
purpose of this study was to investigate the effectiveness of 
TEG in the diagnosis, curative effect evaluation, and prognosis 
judgment of cerebrovascular diseases in patients with acute 
cerebral infarction and patients with cerebral hemorrhage with 
different amounts of bleeding.

Material and Methods

Study participants

A total of 150 patients with acute cerebral hemorrhage or ce-
rebral infarction who were admitted to the Cerebrovascular 
Disease Center, Gansu Provincial Hospital from October 2016 

to December 2017, and 50 healthy volunteers from a physical 
examination center, were enrolled in this study. There were 69 
patients in the acute cerebral infarction group, including 38 
males and 31 females, aged 32–79 years old, and 81 patients 
in the acute cerebral hemorrhage group, including 44 males 
and 37 females, aged 31–69 years old. In the healthy control 
group, there were 30 males and 20 females, aged 28–70 years 
old. Study inclusion criteria included: 1) patients with cerebral 
hemorrhage or cerebral infarction confirmed by computerized 
tomography (CT) or magnetic resonance imaging (MRI), which 
were in line with the relevant diagnostic criteria; 2) patients 
aged 18–80 years old who were receiving medical treatment 
within 48 hours after onset; and 3) in the control group, no pa-
tient had basic disease, especially vascular disease. Signed writ-
ten informed consent was obtained from all participants before 
the study. This study was approved by the ethics committee 
of Cerebrovascular Disease Center, Gansu Provincial Hospital.

Methods

Calculation of the amount of cerebral hemorrhage

The patients with acute cerebral hemorrhage received brain 
CT scans immediately after admission and the hemorrhage 
volume was calculated according to the Tada formula [11] as 
follows: hemorrhage volume (mL)=long axis (cm) × short axis 
(cm) × thickness (cm) × p/6. The longest diameter of the larg-
est plane of the hematoma area was taken as the long axis 
and the widest plane diameter was taken as the short axis. 
Brain CT was reexamined within 24 hours, and if hematoma 
was found enlarged, the hemorrhage volume was calculated 
with the enlarged values.

Determination of main parameters of TEG and their 
significance

A 2 mL sample of venous whole blood was extracted from each 
patient within 6 hours after admission and placed in an ethyl-
enediaminetetraacetic acid (EDTA)-K2 vacuum tube. TEG imag-
es and reference values were measured by TEG YZ5000 elastic 
instrument (Beijing Zhongxing, Beijing, China). R value (coag-
ulation reaction time), which is equivalent to the time of pro-
duction of thromboplastin, mainly reflects the comprehensive 
effects of blood coagulation factors, and its reference value is 
4–8 minutes. K value (coagulation time) is an index to reflect 
the formation speed of blood clots and assess the strength 
of blood clots, which mainly reflects the function and level of 
FIB, and its reference value is 1–3 minutes. Angle reflects the 
formation rate of a blood clot and the function of FIB, and its 
reference value is 53–72°. MA (maximum thrombus amplitude) 
mainly reflects the function of platelets, and its reference val-
ue is 50–70 mm. CI (coagulation index) is calculated from the 
synthesis of the aforementioned 4 parameters, which reflects 
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the comprehensive state of the blood coagulation of the sam-
ple under various conditions, and its reference value is –3~+3.

Statistical analysis

All statistics were performed using statistical product and 
service solutions (SPSS) 20.0 software (Armonk, NY, USA). 
Quantitative data were expressed as (c

_
± s), and t-test or vari-

ance analysis was used to compare differences between groups. 
Enumeration data were compared by chi-square test. Grade 
data were compared by Spearman rank correlation analysis. 
P<0.05 suggested that the difference was statistically significant.

Results

Comparisons of general data among the cerebral 
hemorrhage group, the cerebral infarction group, and the 
control group

The results of comparisons of general data among the cere-
bral hemorrhage group, the cerebral infarction group, and the 
normal control group showed that there were no statistically 
significant differences in sex, age, and concomitant disease 
among groups (P>0.05, Table 1).

Abnormal changes of TEG in patients with cerebral 
infarction

The R value (coagulation reaction time) in 69 patients with 
cerebral infarction was significantly lower than the R value 

in the normal control group (2.87±1.64 min versus 5.52±1.26 
min, P<0.05, Table 2). The K value (coagulation time) in the 
cerebral infarction group was lower than in the normal con-
trol group (1.28±0.19 min versus 1.64±0.32 min, P<0.05, 
Table 2). The Angle measurement in the cerebral infarction 
group was 75.65±7.85°, and in the normal control group it 
was 67.95±8.27°; the difference was statistically significant 
(P<0.05, Table 2). The CI in the cerebral infarction group was 
significantly higher compared to the normal control group 
(2.81±0.78 versus 1.41±0.33, P<0.05, Table 2).

Abnormal changes of TEG in patients with cerebral 
hemorrhage

The K value (coagulation time) in 81 patients with cerebral 
hemorrhage was 3.23±1.26 min, and in the normal control 
group it was 1.64±0.32 min; the difference was statistical-
ly significant (P<0.05,Table 3). The Angle measurement in the 
cerebral hemorrhage group was significantly lower compared 
to the normal control group (57.14±5.35° versus 67.95±8.27°, 
P<0.05, Table 3). The MA in the cerebral hemorrhage group 
was significantly lower compared to the normal control group 
(55.81±3.68 mm versus 61.90±5.26 mm, P<0.05, Table 3).

Different TEG performances among patients with different 
amount of cerebral hemorrhage

The K value (coagulation time) of 27 patients in the small hem-
orrhage group was 2.44±0.87 min, for the 39 patients in the 
moderate hemorrhage group, it was 3.69±1.35 min, for the 
15 patients in the large hemorrhage group it was 4.41±1.58 

n (Male/Female) Age (y) Hypertension (%) Diabetes (%)

Normal control group 	 50	 (30/20) 	 44.96±8.17 	 12	 (24.00) 	 14	 (28.00)

Cerebral hemorrhage group 	 81	 (44/37) 	 49.04±6.35 	 27	 (33.33) 	 25	 (30.86)

Cerebral infarction group 	 69	 (38/31) 	 53.82±7.26 	 18	 (26.09) 	 19	 (27.54)

F/c2 0.229 3.587 0.326 0.532

P 0.054 0.125 0.416 0.227

Table 1. Basic characteristics of included patients.

n R (min) K (min) Angle (deg) MA (mm) CI

Normal control group 50 	 5.52±1.26 	 1.64±0.32 	 67.95±8.27 	 61.90±5.26 	 1.41±0.33

Cerebral infarction group 69 	 2.87±1.64* 	 1.28±0.19* 	 75.65±7.85* 	 72.83±5.82 	 2.81±0.78*

t 4.389 3.114 3.146 5.832 7.094

P 0.032 0.029 0.030 0.128 0.014

Table 2. Comparison of TEG between cerebral infarction group and normal control group.

* P<0.05 in comparison with normal control group.
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min, and in the healthy control group it was 1.64±0.32 min; 
the differences were statistically significant (P<0.05, Table 4). 
The Angle measurement in the small hemorrhage group 
was 68.73±7.54°, in the moderate hemorrhage group it was 
53.44±3.26°, in the large hemorrhage group it was 48.92±5.43°, 
and in the healthy control group it was 67.95±8.27° (P<0.05, 
Table 4). The MA in the small hemorrhage group was 60.15±5.07 
mm, in the moderate hemorrhage group it was 57.12±3.02 mm, 
in the large hemorrhage group it was 48.14±4.61 mm, and in 
the control group it was 61.90±5.26 mm; the differences were 
statistically significant (P<0.05, Table 4). Spearman rank corre-
lation analysis showed that there were significant correlations 
of K value, Angle, and MA with the amount of cerebral hemor-
rhage (r=0.596, r=–0.475, and r=–0.394 respectively, P<0.05, 
Table 4), while R value had no significant correlation with the 
amount of cerebral hemorrhage (r=0.337, P>0.05, Table 4).

Difference TEG performances between the cerebral 
hemorrhage group and the cerebral infarction group

Compared with those in the cerebral hemorrhage group, the 
R value and K value in the cerebral infarction group were sig-
nificantly shortened, while the Angle, MA, and CI were signif-
icantly increased; the differences were statistically significant 
(P<0.05, Table 5).

Discussion

In this study, the R and K values of patients in the cerebral 
infarction group were lower than those in the healthy con-
trol group, suggesting that the activities of blood coagula-
tion factors, FIB, and platelets of patients in the cerebral in-
farction group were increased, and the patients were in a 

n R (min) K (min) Angle (deg) MA (mm) CI

Normal control group 50 	 5.52±1.26 	 1.64±0.32 	 67.95±8.27 	 61.90±5.26 	 1.41±0.33

Cerebral hemorrhage group 81 	 5.98±1.77 	 3.23±1.26* 	 57.14±5.35* 	 55.81±3.68* 	 1.32±0.39

t 2.132 5.147 6.238 4.015 1.693

P 0.225 0.037 0.028 0.021 0.463

Table 3. Comparison of TEG between cerebral hemorrhage group and normal control group.

* P<0.05 in comparison with normal control group.

n R (min) K (min) Angle (deg) MA (mm) CI

Cerebral hemorrhage group 81 	 5.98±1.77 	 3.23±1.26 	 57.14±5.35 	 55.81±3.68 	 1.32±0.39

Cerebral infarction group 69 	 2.87±1.64* 	 1.28±0.19* 	 75.65±7.85* 	 72.83±5.82 	 2.81±0.78*

t 8.226 7.659 9.563 11.175 7.837

P 0.024 0.032 0.022 0.037 0.019

Table 5. Comparison of TEG between cerebral hemorrhage group and cerebral infarction group.

* P<0.05 in comparison with cerebral hemorrhage group.

n R (min) K (min) Angle (deg) MA (mm) CI

Normal control group 50 	 5.52±1.26 	 1.64±0.32 	 67.95±8.27 	 61.90±5.26 	 1.41±0.33

<10 mL group 27 	 5.58±1.59 	 2.44±0.87* 	 68.73±7.54 	 60.15±5.07 	 1.52±0.55

10–30 mL group 39 	 5.93±1.38 	 3.69±1.35* 	 53.44±3.26* 	 57.12±3.02* 	 1.24±0.38

>30 mL group 15 	 6.74±2.52* 	 4.41±1.58* 	 48.92±5.43* 	 48.14±4.61* 	 1.19±0.27

r 0.337 0.596 –0.475 -0.394 0.468

P 0.525 0.016 0.021 0.043 0.374

Table 4. Comparison of TEG among patients with different amount of cerebral hemorrhage.

* P<0.05 in comparison with normal control group.
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hypercoagulable state. This state has been associated with 
vascular endothelial damage, enhanced platelet adhesion, and 
aggregation function. Due to long-term effects of hypertension, 
diabetes, atherosclerosis, and other risk factors in patients with 
cerebral infarction, the local accumulation of platelets activates 
coagulation factors, which can result in FIB decomposition and 
crosslinking to cause increased fibrin [3,4]. The Angle in the 
cerebral infarction group was higher compared to the control 
group. This suggests that the levels or activities of plasma 
FIB and platelets were increased [12]. As an independent risk 
factor for cerebrovascular disease, FIB is an effective index to 
evaluate the condition of cerebral infarction [7]. K value and 
Angle reflect the function and level of FIB. Therefore, it is be-
lieved that the increased K value and Angle can reflect the se-
verity of cerebral infarction in patients. It is worth mentioning 
here that Angle and K value also reflect the quality and quan-
tity of platelets and FIB. However, Angle is not affected by the 
extremely low coagulation state. Therefore, Angle is consid-
ered to be a more objective index than K value. CI in the cere-
bral infarction group was higher than CI in the control group, 
suggesting that the whole coagulation function of patients in 
the cerebral infarction group was in a hypercoagulable state. 
However, CI cannot reflect the abnormality of a specific pro-
cess of coagulation or the absence of quality or quantity of 
a component, so it is mainly used for judging the coagula-
tion function and evaluating the patient’s condition. For tar-
geted therapies for correcting the coagulation state (such as 
the use of anti-platelet aggregation and anticoagulant drugs), 
other indexes that reflect specific links of coagulation are rec-
ommended [3,4,10]. In summary, we believe that the sever-
ity and prognosis of patients with cerebral infarction can be 
evaluated by dynamic examination of R value, K value, Angle, 
and CI of TEG, so as to guide the anticoagulant and anti-ag-
gregation therapies for patients with cerebral infarction. The 
common TEG used in this study can only indicate the platelet 
function and level. Further TEG platelet graphs can accurately 
reflect the degree of platelet activation, so as to achieve the 
purpose of individualized treatment.

After the rupture of blood vessels in patients with cerebral in-
farction, tissue factors are released to activate the extrinsic co-
agulation pathway. Vascular endothelial damage activates the 
endogenous coagulation pathway and platelet aggregation, so 
as to form a thrombus to achieve the effect of hemostasis. At 
the same time, there may be hypercoagulant changes similar 
to cerebral infarction during cerebral ischemia under compres-
sion of peripheral tissues of the bleeding foci or intracranial 
hypertension. The increased coagulation function and throm-
bus formation also activate the fibrinolytic system, which con-
sumes a large number of clotting substances, and presents in 
a low-coagulation state [5,6,13]. As a result, the degree of co-
agulation disorders in the cerebral hemorrhage group will be 
quite different. In this study, compared with those in the control 

group, the cerebral hemorrhage group had low Angle and MA, 
and increased K value, suggesting that patients with cerebral 
hemorrhage had a relatively low coagulation state. Studies 
have shown that the coagulation and fibrinolytic systems are 
activated in patients with cerebral hemorrhage, during which 
FIB is consumed in large quantities, resulting in thrombosis 
and secondary hyperfibrinolysis. D-dimer is an important index 
for judging the severity and prognosis of cerebral hemorrhage 
[9,10]. As K value is the coagulation time, it is mainly related 
to the function and level of FIB. We speculate that there is a 
certain correlation between K value and D-dimer, and K value 
can also indicate the degree of risk of cerebral hemorrhage.

Further subgroup analyses based on the amount of bleeding 
in the cerebral hemorrhage group showed that there were sig-
nificant correlations with the K value, Angle and MA with the 
amount of cerebral hemorrhage, thus suggesting that these 
3 indexes may reflect the severity and prognosis of cerebral 
hemorrhage [14]. In the moderate hemorrhage group and the 
large hemorrhage group, MA and Angle were negatively cor-
related with the amount of bleeding, while K value was pos-
itively correlated with the amount of bleeding. It is speculat-
ed that for patients with cerebral hemorrhage, the larger the 
amount of bleeding, the more active the coagulation and fibri-
nolysis systems, the more clotting substances consumed, and 
the more the body is in a hypo-coagulable state, the aforemen-
tioned changes of K value, Angle, and MA occur [15]. Similarly, 
Angle and MA largely overlapped with reference value ranges, 
and in view of the small size of the 3 subgroups and the more 
complicated mechanism of changes in the coagulation function 
of cerebral hemorrhage, large-sample size research is needed 
to further clarify the relationship between these two measures.

Compared with those in the cerebral hemorrhage group, the 
values of R and K in the cerebral infarction group were obvi-
ously shortened, while Angle, MA and CI were obviously ex-
panded. These results suggested that the activities of blood 
coagulation factors, platelets, and FIB in the cerebral infarc-
tion group were elevated, showing an overall hypercoagula-
ble state [12]. In contrast, the cerebral hemorrhage group was 
in a relatively hypo-coagulable state. WE found in this study 
that the TEG indexes of the cerebral hemorrhage group gen-
erally indicated a relatively hypo-coagulable state. However, 
results of TEG in some individuals indicate a hypercoagulable 
state, which has been speculated to be related to the differ-
ent activation levels of coagulation and fibrinolysis systems 
after cerebral hemorrhage [10,12–15]. This phenomenon re-
flects that the disorder of coagulation function in cerebral 
hemorrhage is more complicated than that in cerebral infarc-
tion, which needs larger research with larger sample size, and 
more detailed grouping and stratification, to explore the reg-
ularity of the disorder.
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Conclusions

As the blood of patients with acute cerebral infarction is in 
a relatively hypercoagulable state, the treatment and evalu-
ation of patients with acute cerebral infarction can be guid-
ed by monitoring values of R, K, CI, and Angle. Angle is more 
meaningful for the treatment of anti-platelet aggregation in 
cerebral infarction due to its reflection of the quality and quan-
tity of platelets. As patients with acute cerebral hemorrhage 

have coagulation disorders and are in a relatively low coagula-
tion state, Angle, MA, and K values may be of a certain signif-
icance for the evaluation of the patient’s condition and prog-
nosis of cerebral hemorrhage.
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