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Introduction

The aging of our society and dietary changes have 
contributed to the high incidence of adverse cardiovascular 
and cerebrovascular events, which threaten the lives and 

health of middle-aged and elderly people. There are 

reportedly about 290 million patients with cardiovascular 

disease (CVD) or cerebrovascular disease (CBVD) in China, 

accounting for 42.5% and 44.6% of the causes of death in 
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urban and rural residents, respectively (1). CVD and CBVD 
also reduce an individual’s life expectancy by more than 
2 years per year. Moreover, CVD and CBVD (especially 
ischemic stroke) are the main causes of disability and death 
in Chinese adults (2-8). These diseases are usually treated 
with antiplatelet and anticoagulant therapies, including 
clopidogrel and aspirin, which are widely used for the 
treatment of CBVD in elderly patients. However, certain 
polymorphisms, such as those of metabolic enzymes and 
drug receptors, and some other individual differences can 
affect drug responsiveness, meaning that not all patients 
show the same outcome despite identical treatment plans. 
Therefore, individualized treatment is necessary to improve 
the outcomes of patients with CVD or CBVD.

Standardized and effective monitoring is essential 
for individualized treatment. The development of 
thromboelastography (TEG) has compensated for 
the deficiencies of traditional methods for measuring 
coagulation function. TEG provides a comprehensive 
assessment of blood coagulation. It has been used to detect 
coagulation function and evaluate disease in patients with 
severe trauma, surgery, or liver transplantation. TEG also 
plays a vital role in the decision-making process regarding 
clinical anticoagulation and hemostasis (9,10). Many 
studies have used TEG to evaluate the coagulation status 
of patients with different types of arteriovenous thrombosis 
and to predict deep venous thrombosis (DVT) and CBVD. 
In clinical practice, we primarily monitor antiplatelet 
and anticoagulation treatments with TEG and routine 
anticoagulation tests. However, single clinical indicators 
cannot effectively monitor treatment outcomes. Therefore, 
TEG could improve the diagnosis rates of diseases when 
combined with other relevant laboratory tests (11-13).

To our knowledge, no reports have investigated the use 
of TEG combined with routine coagulation tests for the 
assessment of CVD or CBVD in older patients. Therefore, 
the purpose of this research was to explore the relationship 
between TEG and traditional indicators of coagulation, and to 
assess the diagnostic value of TEG combined with indicators 
of coagulation in elderly patients with CVD or CBVD.

We present the study in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-822).

Methods

Data collection and classification

We retrospectively analyzed 113 elderly patients diagnosed 

with CBVD and 172 elderly patients diagnosed with 
CVD who were admitted to the Second Hospital of 
Jilin University (Changchun city, Jilin province, China) 
between January 2016 and December 2018. A total of 83 
sex- and age-matched physical examination participants 
were selected as the control group during the same period. 
The results of TEG, a routine blood coagulation test, and 
platelet (PLT) counts were recorded, and are shown in  
Table 1. All the enrolled participants were diagnosed with 
CVD or CBVD and had not received anticoagulant or 
antiplatelet drugs within the 3 months preceding admission. 
This study conformed to the tenets of the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
Institutional Ethics Committee of the Second Hospital of 
Jilin University (2019-063). Because of the retrospective 
nature of the study, the requirement for informed consent 
was waived.

TEG

Peripheral blood samples, anticoagulated with sodium citrate, 
were obtained from all the participants before the treatment. 
TEG was performed with routine laboratory methods using 
the TEG® 5000 Thrombelastograph® Hemostasis Analyzer 
and its supporting kit (Haemoscope Inc., Beaumont, Texas, 
USA) in accordance with the manufacturer’s protocol. The 
relevant test indicators included the coagulation reaction 
time (R value), clot formation time (K value), clot formation 
rate (α angle), and maximum clot intensity (MA value).

Routine blood coagulation tests

The prothrombin time (PT), fibrinogen, and activated 
partial thromboplastin time (APTT) were measured 
using the ACL Top 700 detection system and supporting 
kit (Werfen, Barcelona, Spain). The levels of D-dimer 
and fibrin/fibrinogen degradation products (FDP) were 
measured using the Coapresta® 2000 detection system and 
supporting kit (Sekisui, Tokyo, Japan). 

Platelet assay

Peripheral venous blood samples, anticoagulated with 
ethylenediaminetetraacetic acid, were measured within 8 h  
of sample collection. The PLT count and average PLT 
volume (MPV) were determined using the Sysmex XN-
2000 Hematology Analyzer and its supporting reagents 
(Sysmex, Kobe, Japan).

http://dx.doi.org/10.21037/apm-21-822
http://dx.doi.org/10.21037/apm-21-822
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Statistical analysis

All data were analyzed with SPSS 24.0 (SPSS Inc., Chicago, 
IL, USA). Continuous variables (measurement data) with 
a normal distribution are expressed as the mean ± standard 
deviation (SD), while abnormally distributed variables 
are expressed as the median (25th–75th percentile). The 
differences between the two groups were analyzed using 
the t test or Mann-Whitney test. P<0.05 was considered 
to demonstrate statistically significant differences. The 
correlation analysis of parametric variables was performed 
using Pearson’s correlation coefficient, while the correlation 
analysis of nonparametric variables was performed using 
Spearman’s correlation coefficient.

Results

Correlation of the R value with PT and APTT

The R value is an indicator of the coagulation reaction time 
and reflects the activity of coagulation factors. Therefore, 
we analyzed the correlations between the R value and 

the traditional indicators PT and APTT. There were 
no obvious differences in the R value (P=0.264) and PT 
(P=0.118) between the CBVD group and the control group, 
but APTT was increased in the CBVD group (P=0.047). 
The R value was positively correlated with APTT in the 
CBVD group (r=0.295, P=0.002). In the CVD group, PT 
was obviously lower than in the control group (P=0.040) 
and the R value was positively correlated with APTT 
(r=0.176, P=0.021), as shown in Table 1, Figure 1A and B.

Correlations of the α angle and K value with fibrinogen

Because the α angle and K value are indicators of fibrinogen 
activity, we also determined whether these indicates 
were correlated with fibrinogen. There were no obvious 
statistical differences in the 3 indicators between the CBVD 
group and the control group. In the CBVD group, the K 
value was negatively correlated with fibrinogen (r=−0.293, 
P=0.002), whereas the α angle was positively correlated 
with fibrinogen (r=0.345, P<0.001). In the CVD group, 
the K value was higher (P=0.031) and the fibrinogen value 

Table 1 TEG, coagulation function, and platelet test results in different groups

Factor CBVD group (n=113), n (%) P value CVD group (n=172), n (%) P value Control group (n=83), n (%)

Age (years), mean ± SD 67.49±5.20 0.388* 67.73±6.13 0.594* 68.16±5.54

Male 59 (52.21%) 0.762& 94 (54.65%) 0.491& 40 (48.19%)

Female 54 (47.79%) 78 (45.35%) 43 (51.81%)

TEG

R (min) 5.21±0.87 0.264# 5.61±1.41 0.567# 5.39±0.91

K (min) 1.45±0.35 0.699# 1.62±0.59 0.031# 1.46±0.29

α (°) 68.63±4.46 0.546# 66.84±6.11 0.050# 68.45±3.51

MA (mm) 66.06±4.48 0.397* 66.32±4.68 0.187* 65.53±4.02

Coagulation function

PT (sec) 11.54±0.84 0.118# 11.49±0.93 0.040# 11.79±1.05

Fib (g/L) 3.48±0.67 0.062# 3.47±0.83 0.032# 3.64±0.65

APTT (s) 31.06±3.37 0.047# 31.20±6.15 0.091# 30.20±3.53

Platelet

Platelet count (×109/L) 234.93±59.10 0.002* 213.86±71.92 0.900# 208.54±54.51

MPV (fl) 9.265±1.191 <0.001# 9.845±1.449 <0.001# 8.395±0.783

MPV/platelet count 0.042±0.012 0.580# 0.052±0.023 0.002# 0.043±0.014

*, t-test; &, χ2 test; #, Mann-Whitney test. Italic values indicate statistical significance at P<0.05 or P<0.01. TEG, thromboelastography; 
SD, standard deviation; R, coagulation reaction time; K, clot formation time; α angle, clot formation rate; MA, maximum clot intensity; PT,  
prothrombin time; Fib, fibrinogen; APTT, activated partial thromboplastin time; MPV, mean platelet value.
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was lower (P=0.032) compared with the control group. 
Furthermore, the K value showed a negative correlation 
with fibrinogen (r=−0.310, P<0.001) whereas the α angle 
showed a positive correlation with fibrinogen (r=0.271, 
P<0.001), as shown in Table 1 and Figure 1C,D,E,F.

Correlations of MA with PLT count, MPV, and MPV/PLT

To investigate the relationship between MA and PLT 
function, we determined whether MA was correlated 
with the PLT count, MPV, and MPV/PLT. There was no 
obvious difference in MA between the CBVD group and 
the control group. The PLT count and MPV of the CBVD 
group were increased compared to the control group, but 
MPV/PLT did not differ between the two groups. MA 
showed a positive correlation with the PLT count (r=0.540, 
P<0.001) and fibrinogen (r=0.417, P<0.001), but a negative 
correlation with MPV/PLT (r=−0.444, P<0.001) in the 

CBVD group. As compared with the control group, MPV 
and MPV/PLT were increased in the CVD group, but 
neither MA nor PLT differed obviously between the two 
groups. In the CVD group, MA showed a highly positive 
correlation with PLT (r=0.420, P<0.001) and fibrinogen 
(r=0.418, P<0.001), and showed a negative correlation with 
MPV/PLT (r=−0.295, P<0.001), as shown in Table 1 and 
Figure 2,A,B,C,D,E,F.

Distribution characteristics of D-dimer and FDP in the 
CVD and CBVD groups 

The distributions of D-dimer and FDP in the CBVD and 
CVD groups were analyzed and the results are shown in 
Table 2 and Figure 3. D-dimer was not obviously different 
between the CVD and CBVD groups (P=0.164). However, 
the D-dimer/FDP ratio (P=0.001) and FDP (P<0.001) were 
markedly different between these two groups.

Figure 1 Correlation analysis of TEG indices with activated partial thromboplastin time (APTT) and Clauss fibrinogen level. (A) 
Correlation between APTT and the R value in the cerebrovascular disease group; (B) correlation between APTT and the R value in the 
cardiovascular disease group; (C) correlation between the Clauss fibrinogen level and the K value in the cerebrovascular disease group; (D) 
correlation between the Clauss fibrinogen level and the K value in the cardiovascular disease group; (E) correlation between the Clauss 
fibrinogen level and the α angle in the cerebrovascular disease group; (F) correlation between the Clauss fibrinogen level and the α angle in 
the cardiovascular disease group. 
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Figure 2 Correlation analysis of maximum clot intensity (MA) with the Clauss fibrinogen level, platelet (PLT) count, and the mean PLT 
volume (MPV)/PLT ratio. (A,C,E) Correlations between MA and the Clauss fibrinogen level (A), PLT level (C), and MPV/PLT (E) in the 
cerebrovascular disease group. (B,D,F) Correlations between MA and the Clauss fibrinogen level (B), PLT level (D), and MPV/PLT (F) in 
the cardiovascular disease group.
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Discussion

CVD and CBVD are the main pathologies threatening 
human health and are major causes of death (14). 
Inflammation and endothelial  cel l  activation and 
dysfunction, especially abnormal PLT activation, are the 
main pathogeneses of CVD and CBVD (15). Chronic 
inflammation can also lead to premature activation of PLT 
and promotes the activation of thrombin, fibrinogen, and 
other coagulation factors to form pathological clots (16).  
In this study, we found that APTT was increased in the 
CBVD group, but there were no obvious differences in PT 
or fibrinogen, which are two established indices of blood 
clotting function. However, compared with the control 
group, PT and fibrinogen were decreased in the CVD 
group, whereas no obvious difference was detected in 
APTT. These results indicate that the CVD patients tended 
to be hypercoagulant, and showed greater fibrinogen 
consumption in the process of blood vessel damage and 
PLT activation. Being an acute-phase reactant, fibrinogen 
does not increase until at least 6 h after tissue injury. After 

6–12 h, it increases to different degrees as the tissue damage 
and repair processes progress. Studies have also shown that 
the fibrinogen/albumin ratio is significantly increased in 
sufferers with stable coronary heart disease or slow coronary 
artery flow (15), and can be used to predict the prognosis of 
these diseases.

Unlike traditional methods to assess coagulation, TEG 
requires whole blood samples to measure the complete 
clotting process via the kaolin-activated thrombin pathway 
in vitro. TEG can be used to quantify the formation 
and strength of blood clots in vitro, and is therefore a 
sophisticated method for the analysis of clotting and 
fibrinogen function (17). TEG is also widely used to 
evaluate and monitor various CVDs and CBVDs. The R 
value generally decreases within 6 h of the onset of cerebral 
hemorrhage, whereas the MA value usually increases 36 h  
after its onset (18). In this study, there were no marked 
differences in the R, K, α angle, or MA value between the 
CVD and control groups. However, the K values were 
higher in the CVD group than those in the control group 



5412 Zhao et al. Thromboelastography and traditional indicators of coagulation 

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5407-5416 | http://dx.doi.org/10.21037/apm-21-822

Table 2 D-dimer and FDP levels of patients with CBVD or CVD

Factor CBVD group (n=113) CVD group (n=172) Total (n=285)

D-dimer (μg/mL)

M (P25–P75) 0.40 (0.27–0.54) 0.44 (0.30–0.61) 0.42 (0.29–0.58)

Upper limit of 95% CI 0.59 0.64 0.59

Lower limit of 95% CI 0.42 0.46 0.47

Maximum value 3.02 6.20 6.20

Minimum value 0.09 0.10 0.09

FDP (μg/mL)

M (P25–P75) 3.00 (2.45–3.70) 2.60 (2.00–3.40) 2.80 (2.10–3.50)

Upper limit of 95% CI 3.64 3.30 3.35

Lower limit of 95% CI 3.03 2.64 2.88

Maximum value 13.10 22.10 22.10

Minimum value 1.30 0.40 0.40

D-dimer/FDP

M (P25–P75) 0.13 (0.11–0.16) 0.15 (0.13–0.23) 0.14 (0.12–0.19)

Upper limit of 95% CI 0.16 0.22 0.19

Lower limit of 95% CI 0.13 0.18 0.17

Maximum value 0.50 0.98 0.98

Minimum value 0.05 0.05 0.05

FDP, fibrin/fibrinogen degradation products; CBVD, cerebrovascular disease; CVD, cardiovascular disease; M, median; P25, 25th percentile; 
P75, 75th percentile; CI, confidence interval.

Figure 3 Distributions of the levels of D-dimer and fibrin/
fibrinogen degradation products (FDP) in patients with 
cerebrovascular disease or cardiovascular disease.
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as the K value is an index of fibrinogen function. These 
results support our hypothesis that fibrinogen consumption 
is increased in the early stages of CVD. The differences in 
the MA values and α angles between the CVD and control 
groups in this study may be attributable to the coagulation 
status of the elderly.

Regardless of how these methods evolve over time, 
they always focus on the pathogenesis of vascular diseases 
and the basic theory of coagulation. Therefore, we 
assessed whether the TEG indices are correlated with the 
traditional indicators of coagulation. First, the R value is the 
coagulation reaction time, an indicator of coagulation factor 
activity. Because the activator tested by TEG is kaolin, the 
R value mainly reflects the activity of coagulation factors 
in endogenous pathways. We found that the R value was 
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positively correlated with APTT in both CBVD and 
CVD. Therefore, changes in the R value only represent 
an increase or decrease in the activity of endogenous 
coagulation factors. However, it has also been reported that 
the R value can be used to monitor low-molecular-weight 
heparin. After enoxaparin was administered, the R values 
for the heparinase-coated cup were shorter than those for 
the standard cup by more than 1 min, which suggests that 
the risk of developing venous thromboembolism (VTE) was 
reduced by enoxaparin (19). The R value can also be used 
to monitor newer anticoagulants, such as rivaroxaban (20).  
Another study showed that in 10 stroke patients given 
rivaroxaban, the R value increased from 5.8±0.5 at baseline 
to 11.4±1.0 at 2 h, and increased further (21). An R value 
below 3.45 min is a good predictor of early neurological 
deterioration in acute ischemic stroke patients, with a 
sensitivity of 87.9% and a specificity of 40.3% (22).

Fibrinogen, which is reflected by the K value and α 
angle, is an important coagulation factor that forms stable 
cross-linked fibrinogen under the action of Factor XIII. 
Fibrinogen activation can mediate PLT aggregation 
through the membrane glycoprotein GPIIb/IIIa receptor 
on the PLT surface, acting as a bridge to stabilize blood 
clots (23). In TEG, the blood clot strength is affected by 
both fibrinogen and Factor XIIIa (24). An increased K 
value and a decreased α angle indicate reduced fibrinogen 
function. This study also confirmed that the K values of 
elderly CBVD and CVD patients correlated negatively 
with fibrinogen, whereas the α values of the two groups 
correlated positively with fibrinogen.

The MA value is the maximum clot strength and reflects 
the combined effect of PLT and fibrinogen, to which PLT 
contributes 80% and fibrinogen only 20%. Therefore, MA 
is mainly used to evaluate PLT function (25). An increase in 
MA indicates that PLT function is enhanced and the risk of 
thrombosis is correspondingly increased. However, a cohort 
study of 240 patients who underwent non-cardiac surgery 
found that the incidence of DVT complications in patients 
with MA >68 mm was higher than in patients with MA  
<68 mm (8.4% and 1.4%, respectively), and that the MA 
values for all patients with myocardial infarction in the 
study were >68 mm (26). The increase in MA has also 
been shown to be closely related to the ischemia time after 
coronary artery stenting (27-29). The mortality of patients 
with significantly increased MA was increased by 3.8-fold 
after stenting (29). This highlights the role of PLT in the 
formation of blood clots.

However, several studies have shown that PLT function 

is related to PLT volume and PLT count. Increased MPV 
indicates an increased PLT volume, more dense particles, 
high enzyme activity, enhanced adhesion and aggregation 
functions, and greater susceptibility to thrombosis (30-32).  
Other studies have confirmed that MPV is higher in 
patients with a known DVT and diabetes mellitus with 
myocardial infarct than in healthy subjects (33,34). We 
also found that the PLT count and MPV were dramatically 
increased in the CBVD group and that MPV and the MPV/
PLT ratio were clearly increased in the CVD group, which 
indicates that PLT function is enhanced in the diseased 
state. Therefore, MPV and the MPV/PLT ratio can be used 
as evaluation indices for CVD and CBVD. 

We also analyzed the correlations between the MA value, 
PLT, and fibrinogen to evaluate the function of fibrinogen 
in blood clot formation and dissolution. We confirmed that 
the MA value correlated positively with the PLT count and 
fibrinogen in CVD and CBVD, which suggests that MA 
is still mainly dependent on the PLT count. However, the 
contribution of fibrinogen to MA may be more than 20%. 
Therefore, anticoagulation therapy as well as antiplatelet 
therapy should be monitored during clinical treatment.

Additionally, we analyzed the levels of FDP and D-dimer 
in elderly patients with CVD or CBVD to further evaluate 
their thrombogenic status. There was no obvious difference 
in the D-dimer levels between the two disease groups, 
whereas there was a dramatic difference in the FDP levels 
and the D-dimer/FDP ratio. Compared with the CVD 
group, the FDP level was increased in the CBVD group. In 
recent years, many clinical studies have confirmed that the 
joint detection of D-dimer and FDP can be used to assess 
all kinds of embolism risks and to monitor the treatment 
of CBVD and CVD (31), especially in patients with acute 
ischemic stroke (AIS) or transient ischemic attack (TIA) 
complicated with type A aortic dissection (35). D-dimer can 
be used as an effective biomarker for the monitoring and 
treatment of patients with stroke suspected to be derived 
from VTE, whereas a normal D-dimer level can be used to 
exclude VTE in patients whose stroke is not derived from 
VTE (36). Some researchers also believe that the D-dimer 
level at the onset of stroke is positively correlated with the 
risk stratification of stroke, and is an independent risk factor 
for ischemic stroke (37). Because D-dimer level increases 
with age, the cut-off value for the elderly population must 
be adjusted according to the patient’s age (38). This suggests 
that the combined detection of D-dimer and FDP may 
be more valuable than single D-dimer in the diagnosis of 
disease.
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In conclusion, TEG provides a more comprehensive 
assessment of the coagulation status of elderly patients with 
CVD or CBVD than traditional indices, and is a powerful 
complement to traditional coagulation function tests. The 
MPV/PLT and D-dimer/FDP ratios can also be used as 
comprehensive indicators of the blood coagulation status of 
the patient.
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