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ABSTRACT 21 

Background: Tranexamic acid (TXA) has been widely used to reduce the risk of bleeding in 22 

patients undergoing cardiac surgery. However, the clinical TXA dose that best reduces 23 

postoperative bleeding has not been determined. We evaluated the efficacy of two different 24 

doses of TXA using Thromboelastography (TEG) in patients undergoing cardiac surgery with 25 

cardiopulmonary bypass (CPB). 26 

Methods: One hundred and eleven patients who underwent primary cardiac valve replacement 27 

with CPB were enrolled in this study. Patients were randomly divided into three groups: T1, T2, 28 

and the control group. Patients in the TXA group would receive different TXA doses: 15 mg/kg 29 

loading dose followed by an infusion of 5 mg/kg/h until the completion of surgery (T1 group) or 6 30 

mg/kg loading dose followed by an infusion of 3 mg/kg/h until the completion of surgery (T2 group). 31 

Pre-operative patient characteristics, intraoperative data, transfusions between and after surgery, chest 32 

tube output after surgery within two days, and outcome data were recorded. 33 

Results: Transfusion of blood products, blood loss, and chest tube output were significantly reduced 34 

in the T1 group compared with the control group (P< 0.05). Compared to the control group, the T2 35 

group had similar results. Surgical time and length of intensive care unit (ICU) stay were significantly 36 

lower in the T1 and T2 groups compared to the control group (P< 0.05). No postoperative seizures 37 
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occurred in all three patient groups. 38 

Conclusions: The use of Tranexamic acid was associated with a lower risk of bleeding compared to 39 

the control group. Both doses of tranexamic acid were effective to reduce blood loss as well as 40 

transfusions compared to the control group. 41 

Keywords:Tranexamic acid, cardiac surgery, CPB, transfusion, Thromboelastography 42 

 43 

BACKGROUND 44 

Excessive bleeding and blood transfusions are common problems in patients undergoing cardiac 45 

surgery.(1) With regards to patient blood management, administration of blood transfusions are 46 

common interventions during surgery.(2) Excessive bleeding increases the risk of complications and 47 

may require the need for additional surgeries. In some clinical situations, fresh frozen plasma (FFP) 48 

may be transfused when a large amount of blood is required. However, the clinical effectiveness of 49 

fresh frozen plasma treatment lacks a scientific basis.(3) Based on a published meta-analysis, fresh 50 

frozen plasma should not be used prophylactically to supplement blood volume. (4) 51 

In patients undergoing cardiac surgery with CPB, many risk factors may lead to excessive 52 

bleeding. Studies have shown that some important risk factors for increased bleeding during and after 53 
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cardiac surgery include advanced age, low body surface area, emergency surgery, low-temperature 54 

environment during CPB, and the duration of cardiopulmonary bypass.(5)Hence, antifibrinolytic 55 

agents have been commonly used to reduce bleeding as well as decrease the exposure to blood 56 

products during cardiac surgery. Although aprotinin has been effective in reducing bleeding compared 57 

to other active agents, it has been associated with an increased risk of mortality and hence has been 58 

replaced with lysine analogs. (6) Furthermore, a high-dose protocol of TXA（≥100mg / kg）has been 59 

associated with an increased rate of seizures(7). However, TXA has not been associated with a higher 60 

risk of death or thrombotic complications in patients undergoing coronary artery bypass graft 61 

(CABG).(8)Greiff et al(9) demonstrated that tranexamic acid could reduce red blood cell infusion in 62 

elderly patients aged 70 years or older undergoing combined aortic valve replacement and coronary 63 

artery bypass graft surgery. However, the appropriate dose of TXA that could effectively control 64 

hemostasis remains to be determined. Previous reports have supported that using a low-dose TXA 65 

protocol was equivalent to a high-dose TXA protocol among patients undergoing primary CABG with 66 

CPB.(10) 67 

Cardiac surgery with CPB has been associated with reduced blood generation and complex 68 

alterations in hemostasis. Thromboelastography was initiated in 1948 by Hartert and provides an 69 

alternative method for perioperative hemostasis assessment.(11) To achieve sufficient hemostasis it is 70 
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necessary to maintain an appropriate level of coagulation factors in the body. TEG helps to evaluate 71 

almost all the components of the hemostatic system and it has been helpful to identify target patients 72 

to receive antifibrinolytic therapy.(12) 73 

This study was performed to assess the blood-conserving effect of two doses of TXA and used 74 

thromboelastography to evaluate the coagulation function of patients. This was performed to improve 75 

perioperative blood transfusion in patients undergoing surgery. 76 

 77 

METHODS 78 

Study Design 79 

This study was a prospective, randomized controlled trial that compared two doses of TXA in 80 

adult patients who underwent cardiac surgery with CPB. The study conformed to the principles of the 81 

Declaration of Helsinki. The study was approved by the clinical medical research Ethical Committee 82 

of The First Affiliated Hospital of Anhui Medical University(PJ-06-12(1)) and was registered at the 83 

Chinese Clinical Trial Registry (Registration number: ChiCTR-IOR-17012425) on August 21, 2017. 84 

All patients signed informed consent. Based on the random number table method, patients were 85 

randomly assigned into three groups: T1, T2, and the control group.  86 

Participants 87 
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Eligible patients who underwent elective surgery for cardiac valve replacement with CPB from 88 

The First Affiliated Hospital of Anhui Medical University were enrolled in this study. The 89 

randomization sequence of the three groups was based on the random number table using a 90 

distribution ratio of 1:1:1. The participants, investigators were unaware of the trial but the medical 91 

staff knew the test group. The study started on November 2017 and ended on March 2019. Patients 92 

aged between 20-70 years old were enrolled. Inclusion criteria were patients who satisfied the 93 

American Society of Anesthesiologists (ASA) grades II or III and the classification of the New York 94 

Heart Association (NYHA) heart function grades II or III. All patients had no history of preoperative 95 

convulsion. Exclusion criteria were patients with previous cardiac surgery, left ventricular ejection 96 

fraction <40%, preoperative coagulopathy, and allergy to tranexamic acid. Patients with liver or 97 

kidney dysfunction and those treated with dual-antiplatelet therapy within 7 days before surgery were 98 

excluded. In addition, patients undergoing additional procedures such as coronary artery bypass was 99 

excluded.  100 

Anesthesia and CPB Management   101 

Anesthesia was induced using midazolam 0.02mg/kg. Propofol was administered by target 102 

controlled infusion (TCI). The initial propofol target-controlled plasma concentration was set to 1.0 103 

μg/ml and was increased by 0.3 μg/ml every minute until loss of consciousness (loss of consciousness 104 
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was determined by the patient's loss of response to verbal instructions and eyelash reflex). After the 105 

loss of consciousness, the analgesic sufentanil 0.8~1.0μg/kg and the muscle relaxant rocuronium 106 

0.6~0.9 mg/kg was administered. 107 

After anesthesia induction, patients who underwent cardiac surgery via sternotomy received a 108 

400U/kg heparin that was administered by intravenous injection after incision of the pericardium to 109 

achieve a target activated clotting time (ACT) >480s. CPB was then established. ACT was repeatedly 110 

checked to maintain ACT >480s by heparin appended when necessary during CPB. Protamine sulfate 111 

was administered to reverse the effect of heparin after CPB (1 mg/100 U of heparin). This was 112 

repeatedly administered based on ACT values compared to basal values. Attention was also paid to 113 

the risk of heparin residues. If the activated clotting time was significantly prolonged, a small dose of 114 

protamine (5-10 mg) was used to antagonize and restore the activated clotting time to within 10% of 115 

pre-heparin levels. The hemoglobin concentration at the end of cardiopulmonary bypass was then 116 

recorded. The amount of intraoperative blood loss was estimated based on the speed of intraoperative 117 

blood bleeding, the amount of blood-soaked in gauze, the drainage volume in the aspirator bottle, and 118 

hemoglobin levels. If hemoglobin levels were lower than 80 g/l and (or) if there was significant 119 

bleeding, blood transfusion was performed. A cell salvage was used to retrieve excessive blood when 120 

necessary. Salvaged blood was then reinfused back into the patient. Vasoactive drugs were used based 121 
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on the surgical procedure, the patient's heart rate, and blood pressure. Nitroglycerin was routinely 122 

used during cardiovascular anesthesia. This was because nitrate drugs could reduce myocardial 123 

oxygen demand by reducing cardiac preload and ventricular pressure. In addition, it can increase the 124 

blood flow ratio between the endocardium and epicardium. However, hypotension should be 125 

prevented by the use of Dobutamine, which is a positive inotropic drug that increases myocardial 126 

contractility by stimulating myocardial β1 receptors. It also reduces peripheral resistance and wall 127 

tension. After surgery, patients were transferred to the intensive care unit (ICU). All patients were 128 

routinely extubated in the ICU and postoperative care was carried out by a professional team of 129 

cardiac surgery.  130 

Intervention 131 

Patients in the T1 group received a 15 mg/kg loading dose before skin incision followed by a 132 

continuous intravenous pump of 5mg/kg/h until the end of surgery. The T2 group received a 6 mg/kg 133 

loading dose before skin incision followed by a continuous infusion of 3 mg/kg/h until the end of 134 

surgery. The control group was not administered tranexamic acid. TEG measurements were 135 

performed to evaluate the hemostatic system before and after surgery in all patients. 136 

Thromboelastogram Test 137 

ATEG 5000 thromboelastography analyzer (Haemoscope Inc, USA), a kaolin activator was used. 138 
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The six main parameters for TEG were recorded and included: R (coagulation reaction time with a 139 

normal value of 5 ~ 10 minrefers to the time required from the beginning of blood sample detection to 140 

fibrin formation). K (coagulation time, which refers to the time from the start of coagulation until the 141 

amplitude of the thromboelastogram tracing reaches 20 mm with a normal value of 1 to 3 minutes). 142 

α-Angle (the coagulation angle refers to the angle between the tangent and the horizontal line from the 143 

point of the blood clot formation to the maximum curve radian of the thromboelastogram. It 144 

represents the rate of blood clot formation. The normal value was 53 ° ~ 72 °). When K values were 145 

greater than 4 min and (or) α-Angle was lower than 48°, it indicated low fibrinogen function. When K 146 

values were less than 1 min (and) or α-Angle was greater than 73°, it indicated fibrinogen 147 

hyperfunction. MA (the maximum amplitude that reflects the absolute strength of the blood clot with 148 

a normal value of 50 ~ 70 mm). When MA values are lower than 45 mm, it indicates low platelet 149 

function, while MA greater than 72 mm indicates enhanced platelet function. LY30 (fibrin dissolution 150 

rate 30 minutes after MA determination with a normal value of 0 ~ 7.5%). When LY30 values are 151 

greater than 8%, it indicates that fibrinolytic function is hyperactive. When the R value of CK> R 152 

value of CK-H is more than 2 minutes, and greater than 10 minutes, it indicates the presence of 153 

heparin residues. When CI (coagulation index with a normal value of -3 to 3)is lower than -3, it 154 

indicates hypo coagulation, and when CI value is greater than 3, it indicates hypercoagulation. 155 



11 

 

Data Collection 156 

Pre-operative information consisted of the patient characteristics, left ventricular ejection fraction, 157 

laboratory data (hemoglobin, hematocrit, platelet counts, INR, fibrinogen), and TEG parameters (r, 158 

MA, LY30). The duration of the surgical procedure and CPB, aortic cross-clamping time, and 159 

transfusions during the surgery were recorded. The hemoglobin levels after the termination of CPB 160 

were also recorded. Postoperative information included the chest tube output, blood product 161 

transfusions within 3 days, and length of ICU stay. Postoperative extubation time and chest drainage 162 

volume are recorded by professional nurses who were blinded to the test. Postoperative seizures and 163 

re-exploration for bleeding as well as post-operative laboratory data (hemoglobin, hematocrit, platelet 164 

counts, INR, fibrinogen) and TEG parameters (r, MA, LY30) were recorded. The primary outcomes 165 

of the trial were intraoperative and postoperative blood product transfusions and postoperative chest 166 

tube output. The secondary outcomes included length of ICU stay, re-operations, and incidence of 167 

epilepsy.  168 

Statistical Analyses 169 

Normally distributed measurement data were summarized as mean with standard deviation. 170 

Categorical variables were presented as frequencies (n%). For continuous variables, the comparison 171 

among the three groups was assessed using One-way analysis of variance. Categorical variables were 172 
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analyzed using a chi-square test. P<0.05 was considered statistically significant. All statistical 173 

analyses were performed using Graphpad Prism 8.0 statistical package.(Graphpad Software, LA Jolla, 174 

CA, USA.) 175 

 176 

RESULTS 177 

A total of 111 patients were included in this study and included 22 male and 18 female patients 178 

in the T1 group. The T2 group included 19 male and 17 female patients. There were 19 male and 16 179 

female patients in the C group. Data from all 111 patients were analyzed. The randomisation 180 

flowchart as per CONSORT 2010 Guidelines is shown in Figure 1. 181 

Patient Characteristics and Perioperative Data 182 

There were no significant differences in patient baseline characteristics including age, gender, 183 

ejection fraction among the three groups (Table 1). There were no significant differences in 184 

preoperative laboratory tests among the three groups, which included hemoglobin (HB), hematocrit 185 

(Hct), platelet (PLT), activated partial thromboplastin time (APTT), prothrombin time (PT) and 186 

fibrinogen levels (FIB). This indicated that there were no significant differences in blood coagulation 187 

status among the three groups (P＞0.05) (Table 2). 188 
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There were no significant differences in aortic occlusion time, CPB time, and protamine dosage 189 

in three groups of patients. Hemoglobin levels at the end of CPB in the T1 group were higher 190 

compared to the C group (94.63±10.03 vs 81.36±9.36, a
P<0.05). This indicated that blood loss during 191 

CPB in the T1 group was lower compared to the control group. In addition, hemoglobin levels at the 192 

end of CPB in the T2 group were higher compared to group C (92.85±8.90 vs 81.36±9.36, a
P<0.05). 193 

Compared to the T1 group, there were no statistically significant differences in hemoglobin levels at 194 

the end of CPB in the T2 group (94.63±10.03 vs 92.85±8.90, b
P = 0.76). The intra-operative blood 195 

transfusion volume in the T1 group was lower compared to the C group (518.2±232.8 vs 741±190.8, 196 

a
P<0.05). The intraoperative blood transfusion volume was also lower in the T2 group compared to 197 

the C group (550±242.5 vs 741±190.8, a
P <0.05). Compared to the T1 group, there was no significant 198 

difference in intraoperative blood transfusion volume in the T2 group (518.2±232.8 vs 550±242.5, b
P 199 

= 0.89) (Table 3).  200 

Postoperative Data 201 

Hemoglobin levels on the first day after surgery in the T1 group were higher compared to group 202 

C (112.4±9.1 vs 104±14.0, a
P<0.05). Hemoglobin levels on the first day after surgery in the T2 group 203 

were also higher compared to group C (111.9±9.7 vs 104±14.0, a
P<0.05). There was no statistical 204 

difference in hemoglobin levels on the first day after surgery in the T2 group compared to the T1 group 205 
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(b
P> 0.05). This suggests that both the two doses of tranexamic acid reduces intraoperative bleeding. 206 

There was no significant difference in platelet counts among the three groups of patients on the first 207 

day after surgery (P> 0.05). There was a statistically significant difference in prothrombin time on the 208 

first day after operation in the T1 group compared to the control group (15.36±1.48 vs 12.68±1.46, 209 

a
P<0.05) and was similar in the TA2 group (15.29±3.30 vs 12.68±1.46, a

P<0.05). Compared to the T1 210 

group, there was no significant difference in prothrombin time on the first day after surgery in the T2 211 

group (15.36±1.48 vs 15.29±3.30, b
P> 0.05). There was no significant difference in activated partial 212 

thromboplastin time among the three groups of patients on the first day after surgery (P> 0.05) (Table 213 

4). 214 

Postoperative TEG data were comparable among the three groups. There was no significant 215 

difference in the coagulation reaction time (R) among the three groups of patients on the first day after 216 

surgery (P> 0.05). In addition, there was no significant difference in clotting time (K) (P>0.05). 217 

However, the K value in the control group was relatively high on the first day after surgery (K> 4) 218 

and suggested that the fibrinogen function was low. Compared to the control group, the MA value of 219 

the T1 group was statistically significant (55.25±10.41 vs 37.86±13.77, a
P<0.05). The MA value in 220 

the control group was lower than 45mm which indicated that platelet function was low. The MA value 221 

was not statistically significant between the T1 and T2 groups (55.25±10.41 vs 52.02±8.71, b
P> 0.05). 222 
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Compared to the control group, the coagulation index (CI) in the T1 group was statistically significant 223 

(0.49±2.16 vs -4.06±2.84, a
P<0.05). This indicated hypo-coagulation in the control group on the first 224 

day after surgery. There was no significant difference in the coagulation index (CI) between the T2 225 

group and the control group (P> 0.05) and the coagulation index (CI) in the T2 group was not 226 

statistically different compared to the T1 group (P> 0.05) (Table 4). 227 

Drainage Volume and Transfusion Outcomes 228 

Compared to the control group, the difference in drainage volume at 6 hours after surgery in the 229 

T1 group (106.9±34.5 vs 241.4±37.9,aP<0.05) and T2 group (124.8±64.2 vs 241.4±37.9,a
P<0.05) was 230 

statistically significant. This suggested that the two doses of tranexamic acid could reduce drainage 231 

after 6 hours. There was no statistically significant difference in drainage volume at 6 hours after 232 

surgery in the T2 group compared to the T1 group (106.9±34.5 vs 124.8±64.2, b
P> 0.05). In addition, 233 

the drainage on the first postoperative day and the amount of red blood cells transfused were similar 234 

between the two treatment groups. There was no significant difference in plasma volume infusion on 235 

the first day of operation among the three groups (P> 0.05). No platelet transfusions were performed 236 

for all three groups (Table 5). 237 

Secondary Outcomes and Adverse Events 238 

Compared to the control group, the postoperative intensive care unit (ICU) stay in the T1 group 239 
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was statistically significant (1.5±0.12 vs 2.65±0.22a
P<0.05). In addition, the ICU stay in the T2 group 240 

was shorter compared to the control group(1.5±0.12 vs 2.65±0.22, a
P<0.05). Compared to the T1 241 

group, there was no significant difference in ICU stay after surgery in the T2 group (b
P> 0.05). 242 

Epilepsy, as a major adverse outcome measure, was not observed in all the three groups. 243 

 244 

DISCUSSION 245 

In this study, we determined the effects of two different doses of tranexamic acid during cardiac 246 

valve replacement under CPB. Compared to the control group, tranexamic acid administered to 247 

patients reduced intraoperative and postoperative bleeding and perioperative blood product infusion 248 

volume.  249 

Massive blood transfusion in cardiovascular surgery directly affects patient prognosis. The 250 

purpose of blood transfusion itself is to increase the oxygen-carrying ability of the blood and improve 251 

blood coagulation function. This is an important treatment strategy. However, due to limited blood 252 

supplies, preventing the use of blood transfusions is a necessity. Tranexamic acid may play a role in 253 

the plasmin pathway, rather than just inhibiting the dissolution of fibrin. However, the exact 254 

mechanism has not been fully elucidated.(13, 14) In addition, tranexamic acid has been shown to 255 

reduce plasma concentrations of plasmin by blocking the lysine binding site of plasminogen and 256 
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hence protecting some platelet function.(15) 257 

During CPB, the activation of coagulation factors induces the release of tissue plasminogen 258 

activator from endothelial cells and subsequently induces fibrinolysis. Cardiac surgery performed 259 

under CPB may cause serious complications, of which bleeding is the most common complication.(16) 260 

Under normal physiological conditions, fibrinolysis occurs when tissue plasminogen activator is 261 

released from the endothelium. This in turn induces the conversion of plasminogen to plasmin, which 262 

is an active protease that cleaves fibrin.(17)Since the withdrawal of aprotinin from the market, the use 263 

of tranexamic acid during cardiac surgery with CPB has increased. The main purpose is to reduce 264 

perioperative bleeding. However, the optimal dose that should be administered to patients has not 265 

been determined. (17) 266 

The use of tranexamic acid as an antifibrinolytic drug in conventional heart surgery is aimed at 267 

inhibiting the solubilizing activity of fibrin, reducing the amount of blood loss in surgical patients and 268 

the demand for allogeneic blood products.(18)Hence, antifibrinolytic drugs are routinely used in 269 

cardiac surgery to reduce intraoperative and postoperative bleeding. However, there are concerns that 270 

TXA may be associated with clinical seizures and may be dose-related even at smaller doses (50 mg 271 

per kilogram).(8, 17, 19) However, multiple factors result in seizures after cardiac surgery, even 272 

without the use of tranexamic acid(20, 21). In this study, we selected two different doses of 273 
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tranexamic acid as hemostatic agents for cardiac surgery under CPB. We did not observe epilepsy in 274 

any of the three groups of patients after cardiac valve replacement. 275 

We then compared thromboelastography indexes and the coagulation status of the three groups 276 

after surgery. They suggested that patients in the control group on the first day after surgery had low 277 

coagulation factor activity, lower platelet function, and diminished fibrinogen function. We used 278 

thromboelastography to monitor patients before and after cardiac surgery to further evaluate the 279 

patient's coagulation status. Thromboelastography better estimates the patient's coagulation status and 280 

can guide clinicians to regulate blood transfusions based on the results. This makes clinical blood 281 

transfusions more standardized and avoids the clinical abuse of blood products and reduces the risk of 282 

related complications that blood transfusions may bring. 283 

Certain limitations of the current study need to be mentioned. This was a single-center study. Our 284 

results should be replicated in multi-center clinical studies to obtain more meaningful data and 285 

conclusions. Because of the limitations of clinical trials, this study was not double-blind study, which 286 

may lead to biased results. Second, the use of thromboelastography needs to be further demonstrated. 287 

Monitoring and evaluations at certain time points during CPB may be a better guide for intraoperative 288 

blood transfusion. Third, the follow-up period of this study was short and there was no further 289 

follow-up on the patients' quality of life after discharge. This study was based on adult cardiac surgery, 290 
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hence, the use of TXA in pediatric cardiac surgery patients remains empirical. In addition, bleeding in 291 

pediatric cardiac surgery patients is more common compared to adults(22, 23). A previous study 292 

demonstrated the pharmacokinetics of TXA in children undergoing cardiac surgery with CPB(22). 293 

However, the optimal dose of TXA which is most effective and safe for children of multiple ages 294 

needs to be determined. 295 

 296 

CONCLUSIONS 297 

The two different doses of tranexamic acid administered during cardiac valve replacement 298 

surgery under CPB in this study were able to reduce intraoperative bleeding as well as the amount of 299 

blood transfusion required during surgery. The reduction in bleeding reduced the amount of red blood 300 

cell transfusion required after surgery and it reduced the length of ICU stay. There was no significant 301 

difference in the effectiveness of the two tranexamic acid doses in reducing bleeding and infusion of 302 

red blood cells. 303 

No differences in platelet transfusion and plasma transfusion were observed among the three 304 

groups in this study. Assessing the coagulation function through thromboelastography could make it 305 

easier to implement perioperative blood protection strategies and thus standardize blood transfusions. 306 

307 
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LIST OF ABBREVIATIONS 308 

TXA Tranexamic acid 

TEG Thromboelastography 

CPB cardiopulmonary bypass 

ICU intensive care unit 

FFP fresh frozen plasma 

CABG coronary artery bypass graft 

ASA American Society of Anesthesiologists 

NYHA the New York Heart Association 

TCI target controlled infusion 

HB hemoglobin 

Hct hematocrit 

PLT platelet 

APTT activated partial thromboplastin time 

PT prothrombin time 

FIB fibrinogen levels 
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CI coagulation index 
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Table 1. Preoperative Patient Characteristics 399 

 T1Group (n=40) T2Group (n=36) C Group (n=35) 

Age (y) 52.25±13 51.25±12.98 54.36±10.52 

Males/Females 22/18 19/17 19/16 

Height (cm) 165.4±6.7 160.1±17.8 163.9±8.0 

Body weight (kg) 61.48±8.4 60.75±7.1 57.18±7.5 

Ejection fraction (%) 55.5±6.3 51.96±6.1 52.68±7.1 

  400 
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Table 2. Preoperative Laboratory Test Results 401 

 T1 Group T2 Group C Group 

Hemoglobin (g/l) 133.4±14.9 128.5±15.15 130.4±15.59 

Hematocrit (%) 37.06±6.2 36.68±7.2 37.05±5.2 

Platelets (×109 /L) 189.9±43.75 190.9±43.88 194.8±59.89 

Prothrombin time (s) 13.26±1.2 13.42±1.3 12.78±1.5 

APTT (s) 34.63±6.5 33.4±4.0 34.9±5.3 

Fibrinogen (g/l) 3.19±0.8 2.84±0.6 3.33±0.8 

Coagulation reaction time  4.0±0.6 4.45±1.2 3.7±0.28 

Coagulation time 2.35±0.2 2.1±0.9 1.8±0.3 

α-Angle 51.6±4.8 57.2±4.1 51.7±8.0 

MA 56.65±1.2 55.6±2.1 56±0.9 

LY30 0±0 0±0 0±0 

Coagulation index 0.55±1.9 0.6±1.3 -0.25±1.7 
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APTT=activated partial thromboplastin time;  MA=Maximum amplitude; LY30=fibrin dissolution 402 

rate 30 minutes after MA determination. 403 

  404 
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Table 3. Intraoperative Data 405 

Aortic cross-clamp T1Group T2Group C Group 

Time (min) 91.53±26.11 93.22±24.39 94.37±21.3 

CPB time (min) 113.4±27.43 113.2±28.9 120.6±27.63 

Protamine dosage (mg) 309.8±59.77 294.7±65.85 292.6±38.68 

Hemoglobin levels at the end of CPB (g/l) 94.63±10.03a 92.85±8.90ab 81.36±9.36 

Blood transfusion volume (ml) 518.2±232.8a 550±242.5ab 741±190.8 

a
P means P＜0.05; bP means P＞0.05 406 
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