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Abstract. The value of Sonoclot detection technology to 
guide the clinical medication of the perioperative antico-
agulation and antiplatelet therapy in patients with acute 
myocardial infarction (AMI) undergoing emergent percu-
taneous coronary intervention (PCI) was estimated. One 
hundred and twenty-eight patients were randomly divided 
into control group and observation group with 64 cases in 
each group. Control group adopted routine blood coagulation 
indexes, including prothrombin time, activated partial throm-
boplastin time, fibrinogen and plasma thrombin time, platelet 
count and platelet aggregation turbidity analysis; observation 
group adopted Sonoclot detection technology, including 
activated clotting time, coagulation rate and platelet function. 
Anticoagulant therapy selected was of low molecular weight 
heparin calcium perioperatively, intraoperative unfraction-
ated heparin, and clopidogrel (75 mg) combined with aspirin 
enteric-coated tablets (100 mg) as antiplatelet drugs. The 
therapy was administered in accordance with blood coagu-
lation results. The blood coagulation time, postoperative 
creatine kinase isoenzyme MB, cardiac troponin I and B-type 
natriuretic peptide levels in the observation group are signifi-
cantly lower than those in the control group (P<0.05) though 
the operating time and specifications of the stenting did not 
show any significant difference (P>0.05). The incidence of 
recurrent myocardial infarction, microembolism, acute and 
subacute thrombosis and bleeding events in the observation 
group are significantly lower than those in the control group 
(P<0.05). In the control group, there is no difference in the 
coagulation indexes of the patients with thrombosis events or 
bleeding events or no event (P>0.05). Whereas, in the obser-
vation group, there is significant difference in coagulation 

indexes of the patients with thrombosis events or bleeding 
events or no event (P<0.05). In conclusion, Sonoclot detection 
technology instructs emergent PCI treatment in AMI patients 
to shorten the detection time of blood coagulation, reduce the 
degree of myocardial injury, reduce the incidence of periop-
erative thrombosis and bleeding events. Furthermore, it has 
great value in guiding the clinical medication of anticoagula-
tion and antiplatelet therapy.

Introduction

Acute myocardial infarction (AMI) is the most serious 
cardiovascular event, with high early mortality and disability 
rate as well as increased long-term acute and chronic heart 
failure (1). The application of percutaneous transluminal 
coronary angioplasty and stent implantation improves the 
survival rate of AMI in early stage. However, the occurrence 
of recurrent myocardial infarction, microthrombosis and 
bleeding events during perioperative period is an important 
factor that affects the treatment effect and long-term 
prognosis (2). The pathogenesis of AMI is related to the 
dysfunction of the endothelial cells of the coronary arteries 
and the balance disorder of coagulation and fibrinolysis 
system. Platelets, fibrin and various visible cellular 
components gather on the target lesions and cause acute 
thrombosis, as well as series of pathological processes such 
as the secondary thrombus rupture, hemorrhage, organization, 
and result in the acute ischemia-hypoxia injury of heart and 
other organs (3). Percutaneous coronary intervention (PCI) 
is an invasive procedure. Due to slow intraoperative blood 
flow, reperfusion injury and microinfarction the dysfunction 
coagulation mechanism in coronary arteries plays an 
important role in the recurrence, development, treatment, and 
prognosis of AMI (4). Research confirms (5) that the incidence 
of perioperative thrombosis and bleeding is 25-40% related to 
routine blood coagulation indexes, which include prothrombin 
time (PT), activated partial thromboplastin time (APTT), 
fibrinogen (FIB) and plasma thrombin time (TT), platelet 
count and platelet (PLT) aggregation turbidity analysis. 
Sonoclot analyzer reflects on the whole process of the 
coagulation cascade and coagulation with intuitive signal 
curve as well as faster results (6). It has been successfully used 
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in blood transfusion management in extracorporeal circulation 
of cardiac surgery, ICU and various tumor therapy, early 
diagnosis of disseminated intravascular coagulation (DIC), 
blood coagulation monitoring during liver transplantation and 
monitoring for heparin and antiplatelet drug therapy (7,8). At 
present, there are few studies on the effect of Sonoclot detection 
technology on recent thrombosis and bleeding events for using 
as a guide for perioperative anticoagulation and antiplatelet 
therapy in patients with AMI undergoing emergent PCI. The 
present study summarizes the application experience of our 
center, in order to provide it as a reference for clinical rational 
use of anticoagulation and antiplatelet drugs.

Patients and methods

Patient data. The study was conducted on 128 cases of 
AMI admitted to People's Hospital of Shaanxi between 
January 2013 and January 2016 who were diagnosed and 
treated with emergent PCI. Inclusion criteria: i) Primary AMI, 
the longest time from the onset to emergent PCI is 72 h; ii) did 
not receive thrombolytic therapy; iii) the operation predicted 

to be successful, the survival period is longer than 12 months; 
and iv) high treatment compliance and complete clinical data.

Patients with previous history of chronic angina, no anti-
coagulation and antiplatelet drug application history, other 
cardiac diseases (atrial fibrillation radiofrequency ablation 
treatment or long-term warfarin anticoagulation history, 
primary cardiomyopathy, chronic heart failure), other under-
lying diseases, such as chronic pulmonary disease, history of 
stroke, malignant tumor, lower limb varices or thrombosis, 
autoimmune diseases and pregnant or breast-feeding women 
were excluded from the study.

The study was approved by the Ethics Committee of 
People's Hospital of Shaanxi. Written informed consent was 
obtained from patients or their family members.

Patients were divided into control and observation groups, 
64 cases in each group according to the order of admission. The 
control group had 42 males and 22 females, aged 43-77 years 
(58.6±13.7), AMI onset time of 6-39 h, (median time, 24.5 h), 
46 cases were of ST-segment elevation myocardial infarction 
(STEMI) and 18 cases of non-STEMI (NSTEMI) confirmed 
by coronary angiography. There were 30 cases with target 
lesions in the left anterior descending (LAD), 14 cases are 
the left circumflex artery (LCX), and 20 cases are the right 
coronary artery (RCA). Percentage of lumen diameter stenosis 
is 85-100% (96.7±3.3). The observation group had 40 cases of 
male and 24 cases of female, aged 45-79 years (58.5±14.8), 
AMI onset time of 8-44 h (median time, 26.3 h), 43 cases were 
of STEMI and 21 cases of NSTEMI. There were 32 cases of 
LAD, 13 cases of LCX and 19 cases of RCA. The degree of 
lumen diameter stenosis is 90-100% (98.5±3.2). Baseline data 
of the two groups are comparable.

Research methods. The two groups of patients were treated 
according to the standard medical procedure by the same 
intervention operation and nursing team. The main stent 

Table I. Comparison among operation time, stent diameter, length and number.

Groups Operation time (min) Diameter of stent (mm) Length of stent (mm) No. of stent

Control 82.4±10.2 3.5±1.2 18.2±3.5 1.2±0.4
Observation 76.5±12.3 3.6±1.4 17.4±3.3 1.3±0.5
t-test 0.324 0.152 0.225 0.096
P-value 0.639 0.856 0.754 0.925

Table II. Comparison among blood coagulation detection time, level of CK-MB, cTnI and BNP.

 Blood coagulation Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative
Groups time (min) CK-MB (U/l) CK-MB cTnI (U/l) cTnI BNP (pg/ml) BNP

Control 38.2±10.6 156.3±46.2 75.6±24.7 11.7±5.6 8.2±4.3 743.2±125.4 465.9±163.2
Observation 15.6±5.7 162.4±52.3 35.8±12.2 12.3±6.3 2.6±0.9 756.2±182.9 265.4±86.5
t-test 7.632 0.125 7.252 0.163 6.539 0.245 6.234
P-value 0.001a 0.862 0.001a 0.759 0.001a 0.723 0.001a

aP<0.05 statistically significant. CK-MB, creatine kinase isoenzyme MB; cTnI, cardiac troponin I; BNP, B-type natriuretic peptide.

Figure 1. The normal curve of Sonoclot detection.
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types (Barui Medical Instrument Co., Ltd., Beijing, China) 
used were drug-coated Excel stent in majority of the cases, 
others were Endeavor and Xience V stent. Suction technique 
according to the thrombus load, adenosine to fully dilate coro-
nary artery, and maximum heparin was applied. Pre-dilation 
was performed with a balloon, angiography confirmed that 
the stent expansion is good with thrombolysis in myocardial 
infarction (TIMI) flow. Patients in the control group were 
treated based on blood coagulation indexes, including PT, 
APTT, FIB and plasma TT, platelet count and PLT aggregation 
turbidity analysis. Among them, PT was prolonged by 3 sec 
(15-17 sec), APTT >45 sec, FIB <2 g/l, TT extended 3 sec 
(19-21 sec), platelet count <100x109/l, aggregation inhibition 
rate of PLT up to 80-90%.

The observation group used Sonoclot coagulation and 
platelet function analyzer (Sienco, Inc., Morrison, CO, USA), 
including the activated clotting time (ACT), coagulation 
rate (CR) and platelet function (PF). The normal curve of 
Sonoclot is shown in Fig. 1, in which the first step is the interac-
tion of coagulation factors, blood viscosity changes, at this time 
the curve remains level, the sample present is in liquid state, 
normal ACT is 115-195 sec then the second step is formation of 
fibrin, the sample changes from the liquid gradually into a gel. 
CR as the rate of the formation of fibrin gel from the FIB in unit 
time, this is the first increase of the curve with the normal value 
of 11-35/min finally the third step is clot retraction wherein both 
platelets and fibrin play a role, the clot strength is increased, the 
curve rises and reaches its peak, then the contraction continues, 
the curve falls, normal value of PF <30 min.

Observation index. Comparison of operative time, the diam-
eter, length and number of stent, coagulation test time, creatine 
kinase isoenzyme MB (CK-MB), cardiac troponin I (cTnI) 
and B-type natriuretic peptide (BNP), postoperative recur-B-type natriuretic peptide (BNP), postoperative recur-, postoperative recur-
rent myocardial infarction, micro-emboli, acute and subacute 
thrombosis formation and bleeding events was carried out.

Statistical analysis. Analysis was performed using software 
SPSS 20.0 (IBM SPSS, Armonk, NY, USA). Data was presented 
as the mean ± standard deviation. To compare between the 
two groups independent samples t-test was used. Comparison 
among the three groups used single factor ANOVA analysis. 
Least significant difference (LSD)-t method was used to 
test pairwise comparison. Paired t-test was used to compare 
pre- and post-treatment. Categorical data were reported as the 
proportion and percentage. χ2 test was used between groups. 
The statistical significance was defined as P<0.05.

Results

Comparison among operation time, diameter, length and 
number of stents. The operation time of the two groups, the 
diameter, length and number of stents implanted had no differ-
ence (P>0.05) as shown in Table I.

Comparison among blood coagulation detection time, level of 
CK-MB, cTnI and BNP. Blood coagulation detection time, post-
operative CK-MB, level of cTnI and BNP in observation group 
were significantly lower than the control group, and the differ-
ence was statistically significant (P<0.05) as shown in Table II.
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Comparison of incidence of thrombosis and hemorrhage 
events during perioperative period. The recurrent myocardial 
infarction, microembolism, acute and subacute thrombosis 
and bleeding events in the observation group were signifi-
cantly lower than those in the control group, the difference was 
statistically significant (P<0.05) as shown in Table III.

Comparison of coagulation indexes in control group. In the 
control group, there was no difference (P>0.05) in the occur-
rence of thrombosis events, bleeding events and no event as 
shown in Table IV.

Comparison of coagulation indexes in the observation group. 
In the observation group, there was a significant difference 
in coagulation parameters (P<0.05) among patients with 
thrombosis events, bleeding events and no event as shown 
in Table V.

Discussion

ACT mainly reflects the activity of endogenous blood coagu-
lation system, CR reflects the level of FIB indirectly, and 
PF reflects PF. In more than 1,000 tests, abnormal results 
accounted for 27%, of these the main reason was low PF, 
which accounted for 64%; followed by heparin residual effect, 
accounting for 25%; decreased FIB level accounted for 9%; 
simple decrease of clotting factor was ~2%, no fibrinolytic 
hyperthyroidism (9). Different parts of Sonoclot graphics 

reflect blood coagulation cascade at different stages, according 
to the curve, we can determine the reason for coagulopathy, 
and infuse specific blood products targeting the affected stage. 
Supplementing, monitoring and correcting at the same time, 
we can also assess the effects timely in order to improve the 
prognosis of patients. This allows us to give appropriate blood 
products to patients at appropriate time, thus avoiding unnec-
essary empiric blood infusion. Routine blood clotting indices, 
such as, PT, APTT, FIB and TT reflect single stage of informa-
tion in the process of coagulation cascade (10). The platelet 
count gives a quantitative but no qualitative information on 
the function of platelet. Although PLT aggregation turbidity 
analysis is a standard way to detect the PLT function clinically, 
it is time-consuming, laborious and relies on the operation of 
skilled professionals. In vitro plasma rich in PLT is under low 
shear stress condition which cannot accurately simulate the 
in vivo hemostatic state (11). In the heart-lung transplantation, 
Sonoclot index is better than traditional coagulation index in 
the forecast of bleeding (12); the ACT and CR value of patients 
with unstable angina are significantly higher than that of stable 
angina (13).

Perioperative anticoagulation and antiplatelet drugs not 
only affect the AMI thrombosis and progress of luminal 
stenosis, but also have great significance for the smooth 
operation of PCI. Based on the principle of Sonoclot detec-
tion theories, we applied it to the AMI thrombolytic therapy, 
which is of great value to the assessment of drug risk and 
reduction of bleeding events. This study concluded that, 

Table IV. Comparison of coagulation indexes in control group.

       PLT aggregation
Control group Cases PT (sec) APTT (sec) FIB (g/l) TT (sec) PLT (100x109/l) inhibition rate (%)

Patients with 14 15.0±2.2 42.8±3.5 2.7±0.8 22.4±1.6 1.8±0.5 85.9±9.2
thrombotic events
Patients with 10 15.2±2.3 43.2±3.4 2.5±0.7 20.5±1.8 1.5±0.6 85.3±9.3
bleeding events
Patients with  40 14.9±2.4 44.3±3.6 2.4±0.9 21.2±1.9 1.7±0.4 86.4±9.5
no event
F-value  0.156 0.163 0.094 0.086 0.072 0.234
P-value  0.862 0.759 0.853 0.896 0.963 0.639

PT, prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen; TT, thrombin time; PLT, platelet.

Table V. Comparison of coagulation indexes in the observation group.

Observation group Cases ACT (sec) CR (/min) PF (min)

Patients with thrombotic events 5 107.4±25.5 8.6±3.5 12.8±4.8
Patients with bleeding events 3 223.6±42.6 46.4±9.3 36.5±15.6
Patients with no event 56 165.8±34.2 18.9±7.2 22.4±10.5
F-value  7.526 6.532 6.629
P-value  0.001a 0.001a 0.001a

aP<0.05 statistically significant. ACT, activated clotting time; CR, coagulation rate; PF, platelet function.
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operation time, diameter, length or number of stent showed 
no significant difference in the groups. Interventional 
operation itself also has important influence on the func-
tion of blood coagulation system (14). Test time of blood 
coagulation, postoperative CK-MB, cTnI and BNP levels in 
observation group are significantly lower than that of control 
group. Sonoclot detection is more convenient and time-
saving, and it has better effect in improving the efficiency 
of perioperative anticoagulation and antiplatelet drugs. 
Better coagulation control could also have more benefit in 
reducing myocardial injury (15). Recurrence of microembo-
lism, myocardial infarction, acute and subacute thrombosis, 
as well as the incidence of bleeding in observation group 
are significantly lower than that of control group. Sonoclot 
index can reflex the body blood coagulation function more 
accurately and sensitively, for making more quickly reason-
able adjustment in dose and types of anticoagulation and 
antiplatelet drugs (16). In control group, coagulation indexes 
of patients with blood clots, bleeding events and those 
with no incidents were not significantly different, however, 
coagulation indexes in the observation group had significant 
differences.

Based on the above, using Sonoclot detection technique 
to guide emergent PCI operation on AMI patients is a good 
choice, which can shorten the detection time of coagulation, 
reduce the degree of myocardial injury, perioperative thrombo-
embolism and bleeding events, and it also has higher accuracy 
and sensitivity in guiding administration of anticoagulation 
and antiplatelet drugs.

References

 1. Abdolazimi M, Khosravi A, Sadeghi M, Mohammadian-
Hafshejani A, Sarrafzadegan N, Salehiniya H and Golshahi J: 
Predictive factors of short-term survival from acute myocardial 
infarction in early and late patients in Isfahan and Najafabad, 
Iran. ARYA Atheroscler 12: 59-67, 2016.

 2. Petroni T, Zaman A, Georges JL, Hammoudi N, Berman E, 
Segev A, Juliard JM, Barthelemy O, Silvain J, Choussat R, et al: 
Pr imary percutaneous coronary intervention for ST 
elevation myocardial infarction in nonagenarians. Heart 102: 
1648-1654, 2016.

 3. Maagdenberg CG, de Boer OJ, Li X, Mackaay C, Niessen HW, 
de Winter RJ and Van der Wal AC: Time dependent apoptotic 
rates in the evolving coronary thrombus mass of myocardial 
infarction patients. Thromb Res 145: 12-17, 2016.

 4. Diletti R, van der Sijde J, Karanasos A, Fam JM, Felix C, 
van Mieghem NM, Regar E, Rapoza R, Zijlstra F and 
van Geuns RJ: Differential thrombotic prolapse burden in either 
bioresorbable vascular scaffolds or metallic stents implanted 
during acute myocardial infarction: the snowshoe effect: 
insights from the maximal footprint analysis. Int J Cardiol 220: 
802-808, 2016.

 5. Pinelli A, Trivulzio S and Rossoni G: Activated partial throm-
boplastin time correlates with methoxyhydroxyphenylglycol in 
acute myocardial infarction patients: therapeutic implications for 
patients at cardiovascular risk. In Vivo 28: 99-104, 2014.

 6. Dzemali O, Ganter MT, Zientara A, Graves K, Behr R, Genoni M 
and Hofer CK: Evaluation of a new Sonoclot device for heparin 
management in cardiac surgery. Clin Appl Thromb Hemost 27: 
14-15, 2016.

 7. Wan P, Yu M, Qian M, Tong H and Su L: Sonoclot coagulation 
analysis: a useful tool to predict mortality in overt disseminated 
intravascular coagulation. Blood Coagul Fibrinolysis 27: 
77-83, 2016.

 8. Nielsen VG and Henderson J: Sonoclot®-based method to 
detect iron enhanced coagulation. J Thromb Thrombolysis 42: 
1-5, 2016.

 9. Bischof DB, Ganter MT, Shore-Lesserson L, Hartnack S, 
Klaghofer R, Graves K, Genoni M and Hofer CK: Viscoelastic 
blood coagulation measurement with Sonoclot predicts post-
operative bleeding in cardiac surgery after heparin reversal. J 
Cardiothorac Vasc Anesth 29: 715-722, 2015.

10. Palmerini T, Tomasi L, Barozzi C, Della Riva D, Mariani A, 
Taglieri N, Leone O, Ceccarelli C, De Servi S, Branzi A, et al: 
Detection of tissue factor antigen and coagulation activity in 
coronary artery thrombi isolated from patients with ST-segment 
elevation acute myocardial infarction. PLoS One 8: e81501, 
2013.

11. Nair PM, Pidcoke HF, Cap AP and Ramasubramanian AK: 
Effect of cold storage on shear-induced platelet aggregation 
and clot strength. J Trauma Acute Care Surg 77 (Suppl 2): 
S88-S93, 2014.

12. Wan P, Tong HS, Zhang XQ, Duan PK, Tang YQ and Su L: 
Diagnosis of overt disseminated intravascular coagulation 
in critically ill adults by Sonoclot coagulation analysis. Int J 
Hematol 100: 125-131, 2014.

13. Kander T, Dankiewicz J, Friberg H and Schött U: Platelet aggre-
gation and clot formation in comatose survivors of cardiac arrest 
treated with induced hypothermia and dual platelet inhibition 
with aspirin and ticagrelor; a prospective observational study. 
Crit Care 18: 495, 2014.

14. Kander T, Brokopp J, Erlinge D, Lood C and Schött U: 
Temperature effects on haemostasis in whole blood from 
ticagrelor- and aspirin-treated patients with acute coronary 
syndrome. Scand J Clin Lab Invest 75: 27-35, 2015. 

15. Yildiz BS, Bilgin M, Zungur M, Alihanoglu YI, Kilic ID, 
Buber I, Ergin A, Kaftan HA and Evrengul H: Manual thrombus 
aspiration and the improved survival of patients with unstable 
angina pectoris treated with percutaneous coronary intervention 
(30 months follow-up). Medicine (Baltimore) 95: e2919, 2016.

16. Saxena P, Bihari C, Rastogi A, Agarwal S, Anand L and 
Sarin SK: Sonoclot signature analysis in patients with liver 
disease and its correlation with conventional coagulation studies. 
Adv Hematol 2013: 237351, 2013.


