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Objective: This study aims to investigate the value of thromboelastography (TEG) in
predicting blood loss, and its relationship with blood transfusion demand, during the perio-
perative period in off-pump coronary artery bypass grafting (OPCABG).

Methods: The data of 398 patients undergoing OPCABG were retrospectively analyzed.
Blood was drawn before anesthesia induction (T1) and at 10 minutes after heparin neutra-
lization (T2) for further TEG detection. The patients were divided into two groups based on
the results at T2: a TEG normal group and a TEG abnormal group. Logistic regression
analysis was used to predict the related factors contributing to the significant increase in
perioperative blood loss (more than 20% of the estimated blood volume).

Results: There were 277 (69.6%) patients in the TEG normal group and 121 (30.4%) in the
TEG abnormal group. Compared with the TEG normal group, the volume of blood loss, red
blood cell count, and volume of plasma transfusion in the TEG abnormal group significantly
increased within 24 hours after surgery. The results of the logistic regression analysis
identified the use of clopidogrel, platelet count at T2, fibrinogen level at T2, and abnormality
in TEG value as independent predictors for the significant increase in perioperative blood
loss (P < 0.001).

Conclusion: The abnormality in TEG value after heparin neutralization is correlated with
massive hemorrhage and blood transfusion during the perioperative period in OPCABG.
TEG detection can assist in clinical treatment and reduce the volume of blood lost in
a hemorrhage and the volume of blood required in a transfusion during OPCABG.
Keywords: thromboelastography, off-pump coronary artery bypass grafting, perioperative
period, blood loss, blood transfusion

Introduction

In patients who need emergency off-pump coronary artery bypass grafting
(OPCABG), dual antiplatelet therapy (DAPT) may significantly increase the risk
of perioperative bleeding.'* Hemorrhage is therefore one of the main complications
seriously affecting the clinical prognosis of patients undergoing OPCABG.’
However, the discontinuation of DAPT before the operation can increase the
incidence of thromboembolism events, which presents a dilemma for both clini-
cians and patients. The traditional clinical response is to use freshly frozen plasma
or platelets, but this approach is based only on the experience of traditional
coagulation tests, which include prothrombin time (PT) and have a long testing
period—they have limited predictive value in evaluating the function of coagulation
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and the volume of blood loss.* Thus, more timely and
effective detection methods are needed to provide a basis
for clinical treatment.

In recent years, thromboelastography (TEG) has gained
increasing recognition as a method of evaluating the func-
tion of blood coagulation.” As a more accurate detection
and evaluation method, TEG has a shorter detection dura-
tion than traditional laboratory tests’ and can provide
continuous and quantitative information concerning the
process from the formation of blood clots to the appear-
ance of fibrinolysis.®’

The present retrospective study aims to explore the
correlation between abnormal TEG parameters and the
increase in the incidence of perioperative hemorrhage in
patients undergoing OPCABG. It also aims to identify the
relationship between the changes in TEG parameters and
the demand for blood transfusion in OPCABG.

Methods

Subjects

The data of 398 patients who underwent OPCABG proce-
dures in our department between April 2016 and
January 2019 were retrospectively analyzed. All patients
had indications for surgery but had no contraindications.
Patients without TEG detection, patients transferred to
emergency external circulation, and patients complicated
with other operations were excluded.

For all patients, blood drawn from the central venous
catheter before anesthesia induction (T1) and 10 minutes
after heparin neutralization (T2) was used for TEG detec-
tion. To confirm sufficient heparin neutralization, activated
clotting time (ACT) was measured with a blood sample
drawn at T2. The recorded TEG parameters included the
R value, K value, o angle, and maximum amplitude. The
patients were divided into two groups based on the detec-
tion results of TEG at T2: a TEG normal group and a TEG
abnormal group. The TEG abnormal group included
patients with at least one abnormal TEG parameter.

The study was approved by the Ethics Committee of
Hebei Medical University (2020-R270), and all patients
provided signed informed consent.

Methods

Aspirin was given prior to the operation and again six
hours after the operation if the bleeding was in the normal
range. Clopidogrel was administered one day before sur-
gery. General anesthesia was performed for all patients,

and 1.5 mg/kg of heparin was given before the left internal
mammary artery was severed. The grafting was initiated
when the detected ACT was >300 seconds. Protamine
sulfate (0.8 mg/1 mg of heparin) was given for neutraliza-
tion with the completion of the grafting. During the opera-
tion, the hematocrit was maintained above 25% by the
transfusion of red blood cells and the use of a blood
recovery machine. In cases of continuous bleeding after
sufficient surgical hemostasis and protamine neutralization
(as confirmed by ACT), blood transfusion or cold precipi-
tation was given under the joint agreement of the anesthe-
siologist and surgeon. The first operation was through the
median sternal incision, while the second was along the
original incision.

After surgery, the patients were sent back to the inten-
sive care unit (ICU) in the cardiac surgery department and
treated according to standardized postoperative treatment
procedures. In cases of a hemorrhage of more than
200 mL/h for up to two hours, blood plasma or platelets
were infused. Where postoperative bleeding was more
than 200 mL/h for six hours or more than 400 mL in the
first hour, a reoperation was performed. The final decision
about a blood transfusion or reoperation was jointly made
by the clinicians in the ICU and surgeons.

In this study, the patients’ BMIs were 26.14 + 3.25
(TEG normal group) and 28.98 + 2.84 (TEG normal
group). Considering that the blood volume in the human
body is about 7-8% of body weight, 20% of the estimated
blood volume was calculated to be 1000 mL.

Statistical Analysis

SPSS 24.0 (IBM Corporation, Chicago, America) software
was used for statistical analysis. Measurement data were
expressed as X +S, while enumeration data were
expressed as percentages. For comparisons between
groups of measurement data, a Student’s f-test was used
for normally distributed data and the Mann—Whitney
U-test for non-normally distributed data. For comparisons
between groups of enumeration data, normal distribution
was tested using a y° test, and non-normal distribution was
tested using the Kruskal-Wallis test. In the test for con-
founding factors, the single-factor logistic regression equa-
tion was used to analyze the influence of gender, diabetes
mellitus, other baseline data, and perioperative risk factors
on the incidence of serious hemorrhage events in patients
undergoing OPCABG. All significant variables in the uni-
variate analysis, as well as those previously considered to
be predictors for the risk of hemorrhage, were included in
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the multivariate logistic regression equation in order to test
the adjusted odds ratio (OR) and 95% confidence interval.
All statistical analyses were two-tailed tests, and P < 0.05
was considered statistically significant.

Results
Clinical Characteristics and Preoperative

Baseline Data of Patients

An evaluation of the clinical characteristics and preoperative
baseline data of the 398 patients is given in Table 1. The
percentage of patients who received clopidogrel within three
days before the operation was 53.43% (TEG normal group)
and 61.16% (TEG abnormal group) (P = 0.093), and the
average number of coronary grafts was 3.31 + 0.76 (TEG
normal group) and 3.58 + 0.82 (TEG abnormal group) (P =
0.429). There were no statistical differences in baseline data
between the two groups (P > 0.05).

Intraoperative Laboratory Tests and TEG
Results in OPCABG

The changes in laboratory tests and TEG parameters are
shown in Table 2. Hemoglobin levels, platelet counts, and

fibrinogen levels significantly decreased at T2 from their base-
line values, while PT and activated partial thromboplastin time
(APTT) significantly increased. Although the mean values of
fibrinogen levels at T2 were within the reference range, they
were lower than those at T1, and the difference was statisti-
cally significant (P < 0.05).

Comparison of Intraoperative Conditions
Whether TEG parameters were normal at T2, analysis of post-
operative coagulation function and laboratory indicators, volume
of perioperative blood loss, blood transfusion demand, and post-
operative complications are shown in Tables 3 and 4. Blood
transfusions were given to all patients according to their situation
after sufficient heparin neutralization was confirmed by ACT.
For patients in the TEG abnormal group, the volume of
blood loss, red blood cell count, volume of plasma trans-
fusion, and frequency of hemostasis during the second
thoracotomy significantly increased within 24 hours post-
operation, and the difference was statistically significant
when compared with patients in the TEG normal group.
There were no significant differences in the duration of
tracheal intubation, postoperative myocardial infarction

Table | Clinical Characteristics and Preoperative Baseline Data of Patients Between These Two Groups

Projects TEG Normal TEG Abnormal P value
Group n=277 Group n=121
Age (years) 67.29+10.52 68.54+8.90 0.173
Male 157(56.68%) 60(49.58%) 0.196
Body mass index (kg/m?) 26.14+3.25 28.98+2.84 0.227
EuroSCORE 4.19£2.50 4332271 0.551
Hypertension 216(77.98%) 96(79.34%) 0.828
Diabetes mellitus 90(32.49%) 36(29.75%) 0.696
Old cerebral infarction (>30 days) 44(15.88%) 12(9.92%) 0.317
Carotid disease 23(8.30%) 13(10.74%) 0.773
Chronic obstructive Pulmonary disease 39(14.08%) 23(19.01%) 0.364
Congestive heart failure 33(11.91%) 13(10.74%) 0.891
Unstable angina pectoris 133(48.01%) 62(51.23%) 0.575
NSTEMI 53(19.13%) 24(19.83%) 0.934
Left main coronary artery 75(27.07%) 28(23.14%) 0.402
Past history of PCI 19(6.86%) 7(5.78%) 0.882
Left ventricular ejection Fraction (%) 49.31+12.88 48.17£13.35 0.082
Continous administration of clopidogrel within three days before the operation 148(53.43%) 74(61.16%) 0.093
Hemoglobin level(g/dL) 13.551.67 11.08+1.29 0.16l
Platelet count (¥10%/L) 247.33+37.56 209.06+22.57 0.186
Fibrinogen level(g/L) 3.82+0.96 3.19£1.33 0.073
Prothrombin time(PT) (s) 11.37+0.28 9.89%1.51 0.627
Activated partial thromboplastin time (APTT) (s) 32.61+4.29 30.26+6.07 0.576
Creatinine (umol/L) 82.57£19.16 79.04+16.23 0.249

Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation myocardial infarction; PCl, percutaneous transluminal coronary intervention; APTT,

activated partial thromboplastin time; PT, prothrombin time.

International Journal of General Medicine 2021:14

submit your manuscript 951
Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

Table 2 The Changes in Intraoperative Laboratory Tests and
TEG Parameters in OPCABG

Laboratory Tests TI T2 P
Hemoglobin level(g/dL) 13.27+1.25 10.72+1.54 <0.001
Platelet count (*10%/L) 235.08+ 31.46 183.77+29.52 <0.001
Fibrinogen level(g/dL) 3.65 + 1.27 2.69+1.92 0.027
PT(s) 10.83x1.36 14.97+1.59 0.007
APTT(s) 31.52+6.71 35.93+8.22 0.004

TEG tests
R-time(min) 6.38+1.74 2.59 +1.46 <0.001
a-angle(®) 65.64 +5.50 71.67 +4.82 <0.001
K(min) 1.97+0.48 1.33+0.41 <0.001
MA(mm) 63.21£7.36 66.74+5.69 <0.001

Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation
myocardial infarction; PCI, percutaneous transluminal coronary intervention; APTT,
activated partial thromboplastin time; PT, prothrombin time.

(according to the criteria of postoperative cardiac infarc-
tion in coronary artery bypass grafting), postoperative
ventricular fibrillation, bedside dialysis, and in-hospital
mortality between the two groups (see Table 4).

Logistic Regression Analysis of Factors
Correlated with Blood Loss and Blood

Transfusion
After comparing the data of patients with obvious hemorrhage
during the perioperative period and those without, single-factor

logistic regression analysis was used to include all variables
with P < 0.2 into the single-factor analysis. The statistical
results of the prediction factors for significant hemorrhage
during the perioperative period are shown in Table 5. Based
on the results of the single-factor analysis and clinical condi-
tions, the indexes of diabetes mellitus, continuous administra-
tion of clopidogrel three days before surgery, fibrinogen levels
at T2, and abnormal TEG parameters were included in the
multivariate logistic regression analysis. The results (see Table
6) demonstrate that the continuous administration of clopido-
grel three days before surgery, fibrinogen levels at T2, and
abnormal TEG parameters are independent risk factors for the
significantly increased risk of perioperative hemorrhage.

Discussion

It takes a long time to perform traditional laboratory tests,
and they reflect the state of blood coagulation in
a relatively one-sided way. Clinical blood-transfusion ther-
apy based on this method, therefore, cannot be carried out
in a timely manner, resulting in insufficient blood transfu-
sions that lead to continuous hemorrhage or to excessive
blood transfusions that lead to excessive production of
harmful thrombin and arterial or venous embolism.”
Therefore, TEG, as a more accurate detection and evalua-
tion method, has recently attracted the attention of clini-
cians. The present study investigated the factors that

influence significant perioperative hemorrhage and

Table 3 Intraoperative Condition, Laboratory Tests and TEG at T2

TEG Normal TEG Abnormal P value
Group n=277 Group n=121
Number of bridging Vessels 3.31+0.76 3.58+0.82 0.429
Duration of the operation(min) 238.53+48.17 249.20 +54.18 0.083
The left internal mammary artery 274(98.92%) 120(99.17%) 0.998
During the operation at T2
Hemoglobin level (g/dL) 10.28+1.53 9.81£2.23 0.196
Platelet count (¥10%/L) 196.80 + 29.74 163.81 + 11.86 0.076
Fibrinogen level(g/L) 3.12 £ 0.96 246 +1.33 0.073
PT(s) 12.66x1.31 14.93 £2.47 0.136
APTT(s) 34.87+6.91 35.62 +9.29 0.681
TEG tests
R-time(min) 2.71 £1.62 2.36 £1.22 <0.001
a-angle(®) 73.52 £3.96 70.96 +2.88 <0.001
K(min) 1.13+0.28 1.42+0.53 <0.001
MA(mm) 69.27+4.86 61.13£6.88 <0.001

Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation myocardial infarction; PCIl, percutaneous transluminal coronary intervention; APTT,

activated partial thromboplastin time; PT, prothrombin time.
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Table 4 Postoperative Blood Loss, Blood Transfusion and Complications Between the Two Groups
TEG Normal Group TEG Abnormal Group P value
n=277 n=121
The volume of postoperative drainage within 24 hours (mL) 496.60+222.17 613.56+198.43 0.008
The postoperative transfusion volume of RBC(units) 1.63+1.44 2.70£1.69 <0.001
The postoperative transfusion volume of FFP(mL) 396.52+68.27 528.37£119.96 <0.001
The postoperative transfusion volume of platelet(units) 0.00 0.00 -
The second thoracotomy 2(0.72%) 3(2.48%) <0.001
The duration of tracheal intubation(min) 266.32+47.73 319.67+61.28 0.075
Postoperative myocardial infarction(the criteria of postoperative cardiac 12(4.69%) 5(4.13%) 0.989
infarction)
Postoperative ventricular fibrillation 0.00 0.00 -
Acute renal injury 42(15.16%) 20(16.52%) 0.801
Bedside dialysis 0.00 0.00 -
Length of stay in the ICU(day) 2.43%0.71 3.67+1.29 0.079
Hospital length of stay(day) 7.28+1.22 7.33£1.51 0.856
In-hospital mortality 2(0.72%) 1(0.83%) 0.643

Note: CABG related myocardial infarction: patients with cardiac troponin elevation more than 10 times the upper 99th percentile of the reference value after CABG.
Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation myocardial infarction; PCI, percutaneous transluminal coronary intervention; APTT,

activated partial thromboplastin time; PT, prothrombin time.

transfusion demand in patients undergoing OPCABG, par-
ticularly focusing on the predictive value of TEG para-
meters for significant perioperative hemorrhage.

Based on the TEG parameters after heparin neutraliza-
tion, the present study found that patients were in a state of
hypercoagulation in terms of coagulation factors, fibrino-
function after

gen levels, and hyperactive platelet

OPCABG compared with the baseline data before surgery;
this finding is consistent with previous studies.'"'?
However, the results of laboratory tests revealed that fibri-
nogen levels decreased with the prolongation of PT and
APTT. Although the laboratory test results were not con-
sistent with the results of the TEG, the differences are
supported by previous research,'> which suggests that
they might be caused by three factors. First, TEG detection
is based on testing whole-blood components, while PT and
APTT are based on testing plasma alone, so they do not
take into account the influence of red blood cells and
platelets on coagulation, resulting in the incomprehensive
evaluation of coagulation function.'® Second, TEG detec-
tion reflects coagulation function, while laboratory tests
reflect the quantity of the blood components. Last, hemo-
dilution during surgery may be a contributing factor.

The differences in the level of coagulation factors,
fibrinogen function, and platelet function between the
two groups at T2 were statistically significant, and coagu-
lation dysfunction was more obvious in the TEG abnormal
group. Multivariate logistic regression analysis revealed
that the administration of clopidogrel within three days
before surgery, platelet count, fibrinogen levels, and TEG
parameters at T2 were significantly correlated with the
increased risk of perioperative hemorrhage, while PT and
APTT could not predict the increase in perioperative
hemorrhage and blood transfusion. This finding is consis-
tent with previous studies."*

In terms of the recent postoperative indicators in patients,
such as the volume of drainage within 24 hours, red blood cell
count, and volume of plasma transfusion, combined with
hemostasis during the second thoracotomy, the differences
between the TEG abnormal group and TEG normal group in
the present study were statistically significant. It was found that
the abnormality in TEG parameters could increase the risk of
perioperative hemorrhage by 2.9 times. Hemorrhage after car-
diac surgery is correlated with many factors, including patient
characteristics, preoperative medication, operation conditions,
and anesthesia management. Previous studies'>'” have shown
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Table 5 Logistic Regression Analysis of the Single Factor Correlated to Blood Loss and Blood Transfusion

The Single Factor p(Partial SE Wald % 2 P value OR(95% CI)
Regression Value
Coefficient)
Male 0.097 0.070 1.788 0.179 1.101(0.956,1.277)
Diabetes mellitus —0.172 0.075 6.898 0.012 0.852(0.763,0.961)
Hypertension 0.186 0.098 4.992 0.067 1.236(1.001,1.403)
Unstable angina pectoris 0.039 0.088 0.199 0.676 1.042(0.898,1.236)
NSTEMI 0.375 0.402 0917 0.364 1.476(0.683,3.149)
Continous administration of 0.288 0.076 12.526 <0.001 1.488(1.243,1.637)
clopidogrel within three days before
the operation
Before the operation at T|
Hemoglobin level(g/dL) —0.049 0.073 0.306 0.588 0.967(0.832,1.125)
Platelet count (¥10%/L) —0.066 0.079 0.698 0414 0.959(0.815,1.092)
Fibrinogen level(g/L) —0.267 0.515 0.253 0.677 1.298(0.976,2.448)
PT 0.013 0.041 0.058 0.768 1.002(0.952,1.037)
APTT 0.042 0.097 3.926 0.063 1.188(0.998,1.253)
During the operation at T2
Hemoglobin level(g/dL) —0.896 0.567 5.338 0.003 0.831(0.796,0.952)
Platelet count (¥10°/L) —0.237 0.029 42610 <0.001 0.873(0.725,1.089)
PT(s) 0.166 0.871 0.795 0.382 1.179(0.829,1.679)
APTT(s) 0.121 0.217 0.256 0.638 1.116(0.737,1.758)
Fibrinogen level(g/L) —0.223 0.030 50.116 <0.001 0.816(0.759,0.861)
Abnormal TEG test results 1.031 0.329 9.898 <0.001 2.926(1.899,4.347)

Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation myocardial infarction; PCI, percutaneous transluminal coronary intervention; APTT,

activated partial thromboplastin time; PT, prothrombin time.

Table 6 Logistic Regression Analysis of Factors Correlated to Blood Loss and Blood Transfusion

The Single Factor p(Partial SE Wald % 2 P value OR(95% CI)
Regression Value
Coefficient)
Diabetes mellitus —0.385 0.124 3.278 0.196 0.867(0.778,1.007)
Continous administration of clopidogrel within 0.293 0.085 11.896 <0.001 1.462(1.237,1.612)
three days before the operation
During the operation at T2
Hemoglobin level(g/dL) —0.387 0.402 0.898 0.326 1.453(0.762,2.237)
Platelet count (¥10°/L) —0.228 0.027 40.782 <0.001 0.889(0.762,1.127)
Fibrinogen level(g/L) -0.219 0.029 52.327 <0.001 0.825(0.796,0.859)
Abnormal TEG parameters 1.036 0.331 9.899 <0.001 2.928(1.898,4.349)

Abbreviations: TEG, thromboelastography; NSTEMI, non-ST segment elevation myocardial infarction; PCI, percutaneous transluminal coronary intervention; APTT,

activated partial thromboplastin time; PT, prothrombin time.

that TEG can be used to preoperatively evaluate the platelet
function in patients undergoing OPCABG, help surgeons
choose the most suitable operation time, and reduce the waiting
time before surgery. As mentioned in the 2017 European

Association for Cardio-Thoracic Surgery’s Guidelines on
Patient Blood Management for Adult Cardiac Surgery,'* plate-
let function testing can be used to guide and determine the
timing of cardiac surgery in patients who have recently
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received P2Y, inhibitors or are receiving DAPT. The results
of the present study identified a positive correlation between
abnormal TEG parameters after heparin neutralization and the
significant increase in perioperative hemorrhage during
OPCABG. Through the evaluation of TEG in clinical practice,
the coagulation function of patients after surgery can be
observed, clinical transfusion strategies can be guided in
a timely manner, and perioperative blood loss can be reduced.

The present study had some limitations. First, it was
a single-center retrospective study. Second, statistics were
not created for the results of the TEG, PT, APTT, and other
data after 24 hours. Where patients had no obvious contra-
indications, they started antiplatelet therapy again six hours
after OPCABG, which could have interfered with the coa-
gulation function and test results. Third, some patients in
the present study had acute coronary syndrome (ACS), and
some continued to take clopidogrel within three days before
the operation. Previous studies have shown that this can
lead to an increased incidence of postoperative
hemorrhage;'® 2 in the present study, 53.43% (TEG nor-
mal group) and 61.16% (TEG abnormal group) of patients
took clopidogrel within three days before surgery, but there
was no significant difference between the two groups.
Fourth, DAPT was investigated only in light of its associa-
tion with aspirin and clopidogrel, although the current
guidelines for the treatment of ACS also recommend the
use of prasugrel and ticagrelor based on the ischemic vs
hemorrhagic risk of the patient. In the TRITON-TIMI 38
and PLATO trials, in which prasugrel and ticagrelor, respec-
tively, were tested against clopidogrel in combination with
acetylsalicylic acid (ASA), both newer P2Y, inhibitors
were more effective than clopidogrel in preventing fatal
outcomes, with a higher risk of bleeding in the TRITON-
TIMI 38 trial but not in the PLATO trial. Fifth, the present
study did not define the hemoglobin threshold for transfu-
sion and considered only platelet count rather than platelet
function. Sixth, it is unclear whether the patients who had
clopidogrel within three days before surgery were treated
with DAPT or clopidogrel only. Seventh, the study did not
clarify the extra precautions that should be taken in patients
with abnormal TEG parameters during the postoperative
period. The study did not clarify the TEG evaluation in
the preoperative period, and what can TEG abnormal during
T2 period add extra to avoid excessive bleeding. Last, the
study did not identify which of the four TEG parameters
was most valuable in predicting postoperative blood loss,

bearing in mind that some parameters are interlinked.

Conclusion

The present study confirmed the role of abnormal TEG
parameters in predicting significant perioperative blood
loss and blood transfusion demand after heparin neutrali-
zation in patients undergoing OPCABG. It also provided
support for its potential role in guiding blood-transfusion
management in patients with non-surgical bleeding after
OPCABG. Further prospective trials exploring the role of
TEG during the perioperative period in OPCABG would
be worthwhile.
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