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Background: Thromboelastography (TEG) is a novel blood viscoelasticity detection method revealing blood coagulation sta-
tus and has been reported to be helpful in predicting clinical outcomes in patients with cardiovascular diseas-
es (CVD). In this study, we aimed to investigate the association between TEG and CVD.

Material/Methods: A single-center case-control study was performed. Individuals who took TEG tests at Tongji Hospital in Wuhan,
China from 2015 to 2019 were included. The nearest-neighbor Mahalanobis matching with replacement, within
propensity score calipers of 0.25 was used to control the covariate imbalance between CVD patients and con-
trols. Logistic regression analyses were conducted to assess the relationship between TEG and CVD. Subgroup
and sensitivity analyses were performed to evaluate the robustness of the association between TEG and CVD.

Results: After matching, a total of 151 participants were included in this study, with 83 patients having CVD (49 pa-
tients having coronary heart disease [CHD] and 34 patients having an ischemic stroke). By comparison, CHD
patients had a significantly higher maximum amplitude (MA) (P=0.02) than controls. After multivariable ad-
justment, MA (OR 1.11, 95% Cl 1.01-1.24, P=0.04) was independently associated with CHD. The association be-
tween MA and CHD remained robust across subgroups and in sensitivity analyses.

Conclusions: The current study suggests that MA is significantly associated with CHD. Enhanced platelet reactivity as de-
scribed by high MA might be associated with risk of CHD. The exact role of MA in the measurement of CHD
risk needs to be further examined in large-scale prospective cohort studies.

Keywords: Blood Coagulation ¢ Cardiovascular Diseases ¢ Thrombelastography

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/935340

%2531 EES M‘Ell %31

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e935340-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



https://orcid.org/0000-0002-6806-1593
https://orcid.org/0000-0003-4348-2938

CLINICAL RESEARCH

Background

Yang L et al:
Thromboelastography and coronary heart disease
© Med Sci Monit, 2022; 28: €935340

Material and Methods

Cardiovascular diseases (CVD) are the predominant cause of
mortality globally, accounting for approximately 17.9 million
deaths every year [1]. Over 40% of deaths in China are attrib-
uted to CVD, and about 330 million people have CVD [2]. Driven
by the expanding aging population and lifestyle changes as-
sociated with urbanization, the prevalence of CVD keeps in-
creasing [3]. The increasing burden of CVD is one of the most
important public health issues in China [4].

The primary cause of CVD, including coronary heart disease
(CHD) and ischemic stroke, is atherosclerosis [5]. Atherosclerosis
is an inflammatory disorder of the vascular system. It was hy-
pothesized that atherosclerosis is “coagulation in the wrong
place” [6]. Atherothrombosis is a highly procoagulant process
in arteries [7], and many procoagulant factors of the coagula-
tion system are involved in this process [8]. Researchers have
investigated the association between coagulation and CVD oc-
currence, morbidity, and mortality [9], and higher rates of hyper-
coagulation were observed in patients with CVD. Assessment of
blood coagulation status and using effective antiplatelet ther-
apy in people with hypercoagulability can prevent atheroscle-
rosis and decrease the incidence of CVD [10,11].

Blood coagulation status can be evaluated by fibrinogen level,
activated partial thromboplastin time (APTT), and thromboelas-
tography (TEG). TEG is a blood viscoelasticity detection method
that dynamically monitors the whole process of blood coagula-
tion and fibrinolysis, which was developed in 1948 and was at
first used as a research tool [12,13]. TEG is now being broadly
applied as a guiding tool for clotting factor replacement, plate-
let transfusion, and fibrinolysis treatment [14]. Some studies
have noted that TEG is useful in predicting clinical outcomes
in patients with CVD [15,16]. Conventional test indicators as-
sess isolated factors of the coagulation system, but they are
unable to reveal the role of these factors in the whole process
of hemostasis [17]. In contrast, TEG can reveal the interaction
of all components of coagulation, including platelets, fibrin,
clotting factors, and thrombin, and provides an overall assess-
ment of blood coagulation status [12]. Furthermore, the TEG
test is evaluated in whole blood and can provide additional in-
formation about platelet function [18]. Given that hypercoag-
ulability will increase the risk of CVD and TEG can assess the
blood coagulation status, we hypothesized that TEG parame-
ters were independent CVD risk factors, and hypercoagulability
measured by TEG would be associated with an increased risk
of CVD. We aimed to assess the association of TEG with CVD
among individuals requiring routine physical examinations.

Study Design

This study was a single-center retrospective case-control
study and was approved with a waiver of informed consent
by the Ethics Committee of Tongji Medical College, Huazhong
University of Science and Technology (TJ-IRB20191215).

Individuals requiring routine physical examinations at the phys-
ical examination center of Tongji Hospital in Wuhan, China
from 2015 to 2019 were included. This is the largest physi-
cal examination center in Wuhan. TEG is always used to guide
blood transfusion during cardiac surgery (such as percutane-
ous coronary intervention and coronary artery bypass grafting)
and to monitor antiplatelet therapy. The most common indica-
tions for antiplatelet medications are cardiovascular and cere-
brovascular diseases, atrial fibrillation, and peripheral arterial
disease. Participants who were curious about their blood co-
agulation were also offered the TEG test.

The inclusion criteria were: (1) age >20 years old; (2) having
TEG data. The exclusion criteria were: (1) presence of malig-
nancy; (2) liver failure (Child-Pugh score >7) or kidney failure
(eGFR <60 ml/[min-1.73 m?]); (3) other heart diseases, includ-
ing congenital heart disease, rheumatic heart disease, and se-
vere cardiac arrhythmia; (4) currently on anticoagulant therapy
(those receiving anticoagulants might have venous thrombo-
embolism or atrial fibrillation and have abnormal coagula-
tion parameters); (5) missing data; and (6) surgery in the last
3 months. Clinical data, including demographic information,
results of routine laboratory tests, and TEG test results, were
collected by trained doctors.

Cases were participants who had CVD (CHD or ischemic stroke).
CHD included coronary artery disease, ischemic heart disease,
myocardial infarction, and coronary revascularization. Ischemic
stroke was defined as focal neurological deficits lasting >24 h
and in the absence of signs of cerebral hemorrhage on com-
puted tomography. Controls were participants who had no CVD.

Thromboelastography

Venous blood (3 ml) was collected and analyzed in the TEG
5000 device (Haemonetics® Corporation, Braintree, USA) us-
ing kaolin as the coagulation activator. TEG parameters were
recorded, including reaction time (R, min), kinetic time (K,
min), angle (o, degrees), and maximum amplitude (MA, mm).

Statistical Analysis

Categorical variables were presented as counts (percentage).
Continuous variables were presented as means+standard
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Figure 1. Study flow chart. CHD — coronary heart

disease; TEG — thromboelastography.
(Microsoft® PowerPoint®, 2016,
Microsoft Corporation).
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deviation (SD), if normally distributed; otherwise, they were
presented as median (interquartile range). Statistical compar-
isons between case and control groups were performed us-
ing the chi-square or the Fisher exact test for categorical vari-
ables and using the t test or other non-parametric tests (such
as Wilcoxon rank-sum test) for continuous variables, as ap-
propriate. Correlations between continuous variables were as-
sessed using Spearman’s correlation coefficient. All statistical
tests were 2-sided, and a P value <0.05 was considered sta-
tistically significant.

In observational studies, imbalance in covariates is an inevita-
ble problem and is likely to introduce bias. The nearest-neigh-
bor Mahalanobis matching with replacement, within propen-
sity score calipers of 0.25 was used to control the covariate
imbalance between cases and controls [19]. Variables that
might affect the outcome of interest and that were unbal-
anced between cases and controls were chosen as matched
factors. These covariates included age, sex, year of physical
examination, and medication history (antiplatelet drugs and
lipid-lowering drugs).

Four logistic regression models were performed to examine
the association between TEG and CVD. Model 1 only includ-
ed TEG values that were significantly different between cases
and controls. Model 2 additionally included matched factors
(age, sex, year of physical examination, and medication his-
tory), and model 3 additionally adjusted for laboratory indi-
cators (low-density lipoprotein cholesterol [LDL-C] and plate-
let count). Model 4 included variables with a P value <0.10 in
univariate analysis.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

To investigate whether the association between TEG and CVD
were influenced by participants’ basic characteristics, we con-
ducted subgroup analyses. Subgroups were defined according
to age (<60 years or 60 years or older), sex, medication with an
antiplatelet drug, and medication with a lipid-lowering drug.

To evaluate the robustness of our results, several sensitivity
analyses were performed based on different matching meth-
ods. Firstly, the nearest-neighbor Mahalanobis matching with
replacement, within propensity score calipers of 0.20, 0.25, and
without a caliper were performed. Secondly, the 1: 1 nearest-
neighbor matching, within propensity score calipers of 0.20,
0.25, and without a caliper were performed.

Results

Basic Characteristics and TEG Parameters

The study flow chart is shown in Figure 1. Altogether, 2555
participants met the inclusion criteria and 95 participants met
the exclusion criteria, leaving 2460 participants enrolled in this
study. After matching, we have had 68 controls and 83 cases
(49 having CHD and 34 having an ischemic stroke). The ba-
sic characteristics of the 3 groups (control group, CHD group,
and ischemic stroke group) are summarized in Table 1. Data
before matching are summarized in Supplementary Table 1.
Demographic background, routine laboratory data, and platelet
parameters of the CHD group and the ischemic stroke group
were compared with controls. Patients with CHD had lower
LDL-C (P=0.02), lower total cholesterol (TC) (P<0.01), and low-
er triglyceride (P=0.03).
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Table 1. Basic characteristics of study participants.

Controls (n=68) CHD (n=49) Ischemic stroke (n=34)

Age (years) 61.4+9.4 60.5+9.6 63.249.8

BMI (kg/m?) 25.0+3.3 25.6+3.3 25.2+2.5
CMedicalhistory
"""" Diabetes mellitus %) 18 (65%) 8 (163%) 11 (324%)
”””” Hypertension %) 46 676%) 32 653%) 21 (618%)
CMedication history
© Antiplateletdrug %) 15 (21% 19 (88% 4 8%
"""" Lipid-lowering drug %) 26 (382%) 25 (5L0%) 11 (324%)
CRoutine laboratorytest
"""" ESR(mmb) 50 20,7 40 20,700 45 (20,100)

—
U1
o
U1
—
—
N
N
g
—_
U1
@
N
=

WBC count (10%/L) 5.5 (4.8,6.3) 6.0 (4.9,6.7) 5.7 (4.7,6.9)
"""" HDLC (mmoll) 11 (113 11 (1012 12 (10,14
"""" loLC mmol)  26:08  23w08  29s13
© Total cholesterol (mmol/) 44:09  3809* ase1a

Platelet count (10°/L) 212.2454.6 213.2449.2 207.1+49.7
"""" Mean plateletvolume () 11009 10909 108410
"""" Platelet volume distribution width (1)~ 135¢21 13320 132425
"""" Platelet hematocrit %)~ 02¢01  02:00 02100

Continuous variables were described as mean+standard deviation or median (interquartile range) and categorical variables were
presented as n (percentages). BMI — body mass index; CHD — coronary heart disease; ESR — erythrocyte sedimentation rate;

HDL-C - high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; WBC — white blood cell. * P<0.05 compared
to the control group.

The TEG results are demonstrated in Table 2. In the compari-
son of TEG parameters, CHD patients had a significantly high-
er MA (P=0.02) than controls. However, other TEG parameters
(including R, K, and angle) of patients were not significantly
different from controls.

Correlation Between Basic Characteristics and TEG
Parameters

Spearman’s correlation analysis was performed to assess the
association between basic characteristics and TEG parameters.
The results of correlation analysis are displayed in Table 3. Our
results show that both R and K values were positively corre-
lated with hemoglobin (P<0.01) but negatively correlated with

age (P<0.01). Angle and MA were negatively correlated with
hemoglobin (P<0.01), but positively correlated with erythrocyte
sedimentation rate (ESR) (P<0.01). Regarding the platelet pa-
rameters, our results show that MA was positively correlated
with platelet count (P<0.01) and platelet hematocrit (P<0.01).

Logistic Regression

Logistic regression analysis was performed to examine the as-
sociation between MA and CHD. In model 1, MA was positively
associated with CHD (OR 1.14, 95% Cl 1.04-1.26, P<0.01). After
adjusting for matched factors (age, sex, year of physical exam-
ination, and medication history), the results were similar (MA:
OR 1.17,95% Cl 1.04-1.32, P<0.01). After additionally adjusting
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Table 2. TEG parameters of study participants.

Controls (n=68) CHD (n=49) Ischemic stroke (n=34)
R (min) 5.4 (4.8,6.4) 5.5 (5.0, 6.6) 5.5 (4.8, 6.0)
K (min) 1.5 (1.2, 1.8) 1.5 (1.2,1.7) 14 (1.2,1.7)
Angle (degree) 74.0 (71.2,75.8) 73.1 (71.6, 75.6) 74.2 (72.5,75.6)
MA (mm) 59.9+4.5 61.8+4.0 * 60.6+4.0

Continuous variables were described as mean+standard deviation or median (interquartile range). CHD — coronary heart disease;
K - kinetic time; MA — maximum amplitude; R — reaction time. * P<0.05 compared to the control group.

Table 3. The correlation between basic characteristics and TEG parameters.

R (min) K (min) Angle (degree) MA (mm)

Age (years) -0.373** -0.415** 0.426** 0.127
CBMIGgm) o108 006 0003 0156
CER@m) o3a oses” osie 0550
Hemoglobin @) 0333% 0596 ose3r 0316%
CweCcount@on) 0107 0005 0033 0201
CHDLC (mmolt) o3 o014 0163 0067
oLc@moy 0019 0073 o000 0058
Total cholesterol (mmol/)) o010 009 - o083 o0ss
Trgyceride (nmol) 000 o115 o108 0035
Platelet count (0°0) 00s9 o011 o183 0338
| Mean platelet volume () 0095 0124 02 0120
 Platelet volume distribution width (1) 012 012 019 o118
Platelet hematocrit %) 000 o1s o117 0432

BMI — body mass index; ESR — erythrocyte sedimentation rate; HDL-C — high-density lipoprotein cholesterol; K — kinetic time;
LDL-C — low-density lipoprotein cholesterol; MA — maximum amplitude; R — reaction time; WBC — white blood cell. * P<0.05, ** P<0.01.

Table 4. Univariate and multivariate logistic regression of CVD.

Univariate model Multivariate-adjusted model

Triglyceride (mmol/L) 0.59 (0.36-0.90) 0.02 0.78 (0.39-1.49) 0.45

Cl — confidence interval; CVD — cardiovascular diseases; MA — maximum amplitude; OR — odds ratio; WBC — white blood cell.
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for LDL-C and platelet count, the positive association between
MA and CHD remained (OR 1.19, 95% Cl 1.05-1.37, P=0.01).
The results of model 4 are shown in Table 4. After adjusting for
other factors (WBC count, LDL-C, TC, and triglyceride), MA was
still associated with CHD (OR 1.11, 95% Cl 1.01-1.24, P=0.04).
Logistic regression results for ischemic stroke are shown in
Supplementary Table 2. No significant association was found
between TEG and ischemic stroke.

Subgroup Analyses and Sensitivity Analyses

Subgroup analyses were conducted after stratification for
age, sex, medication with an antiplatelet drug, and medica-
tion with a lipid-lowering drug. No significant interaction was
observed for CHD in any subgroups (P value for interaction
>0.05; Supplementary Table 3). Sensitivity analyses was per-
formed to evaluate the robustness of our results, showing
that the association between MA and CHD was been broad-
ly consistent in sensitivity analyses (Supplementary Table 4).

Discussion

Our study demonstrates that MA was significantly higher in
patients with CHD. Higher MA was associated with increased
risk of CHD in different models. Furthermore, the association
of MA with CHD remained robust across subgroups and in
sensitivity analyses.

Several previous publications showed the good efficacy of
TEG parameters in assessing the risk of CVD. For example,
Yao et al [15] found that a higher MA level was related to the
severity of acute stroke (r=0.205, P<0.01). Kreutz et al [20] sug-
gested that a higher plasma fibrin clot strength measured by
TEG (MA) accounted for a higher rate of recurrent CVD. Yuan
et al [21] showed that compared to controls, the R value in-
creased significantly while the MA value decreased signifi-
cantly in patients with acute cerebral infarction (P<0.05). In
agreement with previous studies [22,23], our study suggests
that MA was significantly associated with CHD. MA represent-
ed the maximal clot strength and revealed the reactivity of
platelets, which is critical in the generation of thrombus [24].
Application of proper antiplatelet medication and adjustment
of MA value within a normal range might reduce the risk of
CHD in people with hypercoagulability. However, the associ-
ation between other TEG parameters (including R, K, and an-
gle) and CHD appeared to be non-significant. A possible expla-
nation of our contrasting results compared with other studies
might be the different study settings. In contrast to most of the
studies that included patients in the acute or severe phase of
the disease, the current study included patients at the phys-
ical examination center who were probably in stable condi-
tion. It should be noted that the blood coagulation condition
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of patients who have experienced or who are experiencing
an acute ischemic stroke varied widely [25]. Furthermore, the
small sample size and few CVD events in the present study
reduce the statistical power.

The present study also evaluated the relationship between TEG
parameters and blood composition, including hemoglobin and
platelets. A previous study suggested that when hemoglobin
decreased, the plasma protein content increased and subse-
quently lead to an increase in the strength of blood clots [26].
Consistent with these findings, our results showed that both
R and K values were positively correlated with hemoglobin,
while angle and MA were negatively correlated with hemo-
globin. Platelet aggregation is a critical step in the formation
of clots [27]. Thus, it is reasonable to find a positive correla-
tion between MA and platelet component (platelet count and
platelet hematocrit).

Numerous studies have shown that lipid profile, including LDL-C,
TC, and triglyceride, was a major risk factor for CVD. Higher lev-
els of LDL-C may contribute to most clinical CVD events. The
Chinese guidelines for the management of dyslipidemia rec-
ommend that the desirable level of LDL-C for primary preven-
tion of CVD is <2.6 mmol/L [28]. Although LDL-C is a well-stud-
ied traditional risk factor for CVD, patients with normal blood
lipid levels can also have CVD. In the current study, a majority
of patients with CVD (66.3%) had LDL <2.6 mmol/L and 54.4%
of controls had LDL <2.6 mmol/L. In addition, we observed
that patients with CHD, even those not taking lipid-lowering
medication, had lower LDL-C, TC, and triglyceride levels than
controls, which was concordant with the findings described
by Sachdeva et al [29]. The reason why people with lower lip-
id levels still have CVD might be changes in the prevalence of
other CVD risk factors, such as smoking, diabetes, and hyper-
tension [30]. Our study suggests that hypercoagulability as
described by high MA might be one of the fundamental rea-
sons. In a previous study, researchers also demonstrated in
atherosclerosis animal models that platelet aggregation and
activation preceded the occurrence of atherosclerosis and
might play a dominant role in the development of CVD [31].
Alternatively, stronger platelet reactivity may contribute to
the formation of atherosclerosis and eventually lead to CVD.
Deeper understanding of biomarkers other than traditional
risk factors may prompt development of more rapid and ac-
curate interventions for CVD.

Our study showed that MA was significantly higher in patients
with CHD. It is likely that CHD patients have higher platelet
reactivity and have an increased risk of thrombosis. If these
findings are verified in large-scale studies, the adjustment of
MA to a proper level with personalized antiplatelet therapy in
individuals with CHD might be able to improve their progno-
sis and reduce the risk of unfavorable outcomes.
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There were some limitations in our study. First, it was a sin-
gle-center, retrospective study. Second, the number of CVD pa-
tients (n=83) included in this study was relatively small. The
study population did not include anyone with acute illness.
Therefore, the patients in this study might not be representa-
tive of other populations. It should be noted that we also en-
rolled participants taking antiplatelet drugs, which might af-
fect the TEG test, so these findings must be interpreted with
caution. Third, a selection bias was possible because of the
inclusion criteria (participants who underwent TEG). Fourth,
a lack of traditional coagulation analysis, such as fibrinogen
level and APTT, was a major limitation of the present study.

Conclusions

The results of the present study suggest that MA is signifi-
cantly associated with CHD. Stronger platelet reactivity as de-
scribed by high MA may be associated with the risk of CHD.
Further large-scale studies are warranted to investigate the
exact role of MA in the measurement of CHD risk.
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Supplementary Table 1. Basic characteristics and TEG parameters of study participants before matching.

Controls (n=2375) CHD (n=51) Ischemic stroke (n=34)

Age (years) 49.6+10.5

61.5+10.7* 63.2+9.8*
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Supplementary Table 1 continued. Basic characteristics and TEG parameters of study participants before matching.

Controls (n=2375) CHD (n=51) Ischemic stroke (n=34)

Platelet parameters

MA (mm) 60.8+4.8 61.614.1 60.6+4.0

Continuous variables were described as mean+standard deviation or median (interquartile range) and categorical variables were
presented as n (percentages). BMI — body mass index; CHD — coronary heart disease; ESR — erythrocyte sedimentation rate;

HDL-C - high-density lipoprotein cholesterol; K — kinetic time; LDL-C — low-density lipoprotein cholesterol; MA — maximum amplitude;
R — reaction time; WBC — white blood cell. * p<0.05 compared to the control group.

Supplementary Table 2. Logistic regression of MA for ischemic stroke.

Model 1 1.07 (0.97-1.18) 0.18
Model 2 1.10 (0.98-1.26) 0.12
Model 3 1.12 (0.98-1.28) 0.10

Cl — confidence interval; MA — maximum amplitude; OR — odds ratio.

Supplementary Table 3. Results of subgroup analyses after stratification for age, sex, medication of antiplatelet drug, and medication
of lipid-lowering drug.

Subgroup No (%) of CHD patients OR (95% CI) p value for interaction
All parents 49 (41.9%) 1.11 (1.01-1.22)
CAge 024
"""" 60  26@481% 117003139
Cos0 23665% 1040911200
CSex o190
"""" Male  36(@13% 117004130
"""" Female  13(433%)  101(08412)
 Antiplateletdrug 019
e 19 (55.9%) 128 (106162
"""" N  30(@61% 1090098123
Clpidloweringdrug 050
e 25 (49.0%) 108 096-124)
"""" N 24(364% 115002133

Cl - confidence interval; CHD — coronary heart disease; OR — odds ratio.
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Supplementary Table 4. Results of sensitivity analyses examining association between MA and CHD.

Matching method Caliper No (%) of CHD patients OR (95% CI) p value
The nearest-neighbor Mahalanobis matching 0.20 48 (41.4%) 1.13 (1.02-1.26) 0.03
with replacement T
0.25 49 (41.9%) 1.15 (1.03-1.29) 0.01
NA 51 (43.2%) 1.15 (1.04-1.30) 0.01
The 1: 1 nearest-neighbor matching 0.20 45 (37.2%) 1.15 (1.03-1.29) 0.01
0.25 46 (36.8%) 1.14 (1.03-1.28) 0.02
NA 51 (37.5%) 1.13 (1.02-1.25) 0.02

NA=matching without a caliper. Matched factors included age, sex, the year of physical examination and medication history
(antiplatelet drug and lipid-lowering drug). Models were adjusted for age, sex, the year of physical examination. Cl — confidence
interval; CHD — coronary heart disease; MA — maximum amplitude; OR — odds ratio.
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