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Abstract

Purpose: This study is to identify the prevalence of preoperative hypercoagu-
lability in Thailand high-risk population assessed by Rotational thromboe-
lastography (ROTEM) and test hypothesis that the pre-surgical ROTEM sta-
tuses are related to MACCE at 1, 12, 60 months after coronary bypass graft
surgery (CABG). Method: This is a prospective cohort in consecutive pa-
tients who underwent on-pump CABG between 2013-2015. Blood samplings
were collected and analyzed using ROTEM preoperatively. Hypercoagulable
state was defined as any clotting time (CT) or clot formation time (CFT) be-
low the lower normal limit or amplitude 10 min after CT (A10), Maximum
clot firmness (MCF) in ROTEM measurement is above the upper normal
limit of EXTEM, INTEM and FIBTEM. Results: 43% of CABG patients who
were diagnosed as hypercoagulability state assessed by ROTEM. Mortality
rate was slightly higher in hypercoagulable patients without statistical signi-
ficance (9% vs 5.1%; P = 0.461). However, overall combined uneventful rate
was significantly increased in hypercoagulable patients in 5 years follow-up
(27.2% vs 8.6%; P = 0.012). In univariate analysis, ROTEM hypercoagulability
is associated major adverse cardiovascular and cerebral event (MACCE) in
5-years follow up [OR (95% CI) = 3.975 (1.28 - 12.32); P = 0.017]. Conclu-
sion: Hypercoagulable patients were identified 43 percent of patients asso-
ciated with combine uneventful in 5 years follow-up. ROTEM could be ap-
plied as a useful tool in the prediction of outcome after CABG surgery.
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1. Introduction

The incidence of coronary artery disease has become significantly increasing
during the last few decades. This disease is usually managed either by coronary
artery intervention or surgery depending on the severity of coronary disease.
Outcomes after coronary bypass surgery (CABG) could be affected by pre-sur-
gical patient risk profile, surgical technique and post-surgical medical. Recently,
thromboelastography (TEG) has been introduced in cardiac surgery as a tool for
detecting pre-operative hemostatic profile, predicting post-operative bleeding or
thromboembolic event and even an outcome after surgery [1]-[7]. Many studies
have demonstrated a higher prevalence of hypercoagulability in cardiac surgical
patients than in the healthy population [8]. Those patients that hypercoagulable
state was assessed by TEG, were associated with an increased risk of post-operative
non-cardiac and cardiac surgery complication [2] [9] [10] and especially in post-
operative thromboembolic event complications [4] [11].

The aim of this study is to assess the prevalence of Rotational thromboelasto-
graphy (ROTEM®)-hypercoagulability in CABG patients and test the hypothesis
that mortality rate and thromboembolic event are related to ROTEM hypercoa-

gulability patients in early and mid-term outcome.

2. Method

The study design was a prospective cohort from consecutive patients undergoing
on-pump CABG procedure in Ramathibodi Hospital, Mahidol University be-
tween 2013 and 2015. Preoperative blood sampling was routinely collected at the
day before surgery. Our inclusion criteria were age > 18 years old and only per-
form in on-pump CABG surgery. Our exclusion was CABG with concomitant
surgery, continuing clopidogrel preoperatively or could not obtain the blood
sampling. Our data were collected prospectively and all patients were followed
every 1 to 3 months in our cardiovascular surgery clinic up until 5-year follow
up. All patients gave informed consent upon admission and the local ethics
committee approved the study (Protocol number: 10-61-08).

Blood sampling and thromboelastography were analyzed by Rotational throm-
boelastography (ROTEM®) (TEM International GmbH, Munich, Germany).

The mechanism of ROTEM was assessed a clot formation/dissolution kinetics
and strength by measuring and displaying the amount of a continuously applied
rotational force that is transmitted to an electromechanical transduction system
by developing clot. In system, a cylindrical cup containing a 340 ul whole blood
sample oscillates through 4°45' every 5 sec and a pin on a torsion wire is sus-

pended in the blood. As the viscoelastic strength of the clot increases, more rota-
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tion is transmitted to the torsion wire and is detected by an electromagnetic
transducer [12].

Hemostatic profile from ROTEM that reflect to hyper coagulability were Am-
plitude 10 min after clotting time (A10), Amplitude 20 min after clotting time
(A20), Maximum clot firmness (MCF) and alpha angle [13]. Our Definition of
hypercoagulability were defined as if any clotting time (CT), clot formation time
(CFT) are below the normal limit or Alpha angle, A10 and MCF are above the
upper normal limit in either of each group (EXTEM, INTEM and FIBTEM) base
on range of worldwide population [14].

2.1. Surgical Technique

All CABG procedures were performed through median sternotomy according to
our routine clinical practice. One hundred and two patients were undergoing
on-pump CABG using cardiopulmonary bypass and extracorporeal circulation
(ECC). All patients on ECC were routinely heparinized to maintain an activated
clotting time of >480 seconds, and this was reversed with protamine-sulphate
(1:1) after finalization of ECC. All patients on ECC received a total dose of 4 g
tranexamic acid during surgery. The number, type (arterial or vein) and coro-
nary anastomosis of bypass grafts in each patient were decided by the operating
surgeon, based on clinical patient data in addition to the pre-surgical invasive

coronary angiography.

2.2. Definition Term and Outcome

Dyslipidemia, defined as elevated total or low-density lipoprotein (LDL) choles-
terol levels, or low levels of high-density lipoprotein (HDL) cholesterol. End
stage renal disease defined as a presence of renal function with estimated GFR <
15 mL/min. Peripheral arterial disease defined as patients who have the an-
kle-brachial index (ABI) which less than 0.9 [15] [16].

Major adverse cardiovascular and cerebral events (MACCE) defined as all-cause
mortality; thrombotic vascular events, acute myocardial infarction and stroke
were recorded. In the immediate post-surgical period acute myocardial infarc-
tion was defined as creatinine kinase MB levels > 80 U/l. After discharge acute
myocardial infarction was defined by two out of three of the following: acute
chest pain, signs of a new acute myocardial infarction on the electrocardiogram
or elevation of relevant biomarkers. Stroke was defined as neurological deficits

lasting for more than 24 hours.

2.3. Preoperative Antithrombotic Therapy

Clopidogrel were routinely discontinued 5 days before surgery. In acute coro-
nary syndrome patients who received urgency operation, Clexane (enoxaparin, a
low-molecular-weight heparin (LMWH)) 40 mg was administered subcutaneously
twice a day and stopped 12 hours before surgery. For post-operative surgery, all
patients were received an aspirin 75 - 162 mg orally within 6 - 24 h after surgery.

The dosage of aspirin was depended on operating surgeon and if clopidogrel was
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administered after surgery, then it was usually started on the second postopera-

tive day.

2.4. Statistical Analysis

For categorical variables, Chi-square (y’) tests or Fisher’s exact test were used
as appropriate. For continuous variables, analysis was performed with the two-
sample t-test, after ensuring normal distribution of the data. Data with no nor-
mal distribution were analyzed by Wilcoxon’s rank-sum test. Univariate and
multivariate logistic regression analyses were performed to identify patient cha-
racteristics associated with MACCE at 30-day and 5-year follow-up. Continuous
variables are presented as mean * standard deviation (SD) unless otherwise
noted. P-values < 0.05 were considered statistically significant. In tables, all
P-values > 0.10 are denoted non-significant. All statistical analyses were per-
formed using PASW (SPSS) statistical software v.18.0 (SPSS, Inc., Chicago, IL,
USA).

3. Result

777 patients were underwent coronary bypass surgery in Ramathibodi Hospital
from 2013 to 2015. However, there were 675 cases could not be included in this
study due to operation technique (Ze. off-pump, on-pump beating heart surgery
or combined with other cardiac surgery) or could not obtain the blood sample
before operation or loss follow up during the period.

We found out that 43% of patients in the study demonstrate hypercoagulabil-
ity state from ROTEM measurement. In basic characteristic profile, there were
no difference in age, smoking history, NYHA, underlying disease, Euroscore or
urgency condition except female gender with predominant in hypercoagulable
patients (43.2% vs 24.1%; P = 0.034 in Table 1). In laboratory data were also
showed similarly in both groups except the number of platelet (P = 0.03 in Table
2). For peri-operative data, there were no difference in cardiopulmonary bypass
time, aortic clamp time, number of conduits and type of conduits (Table 3).

In post-operative in 30 days, both mortality and MACCE event rate were
slightly increased in hypercoagulable patients. However, the statistical were not
showed significant (2.3% vs 1.7%; P = 0.845 and 9.1% vs 1.7%; P = 0.163, respec-
tively). Causes of mortality rate within 30 days were acute myocardial infarction
with cardiogenic shock and uncontrolled septic shock (Table 4). In follow up
period, there was still no statistical difference in term of overall survival (Figure
1). However, an incidence of MACCE in hypercoagulability group was dramati-
cally increasing with statistically significant (27.2% vs 8.6%; P = 0.012) (Table 5).

From univariate and multivariate logistic progression, female gender and num-
ber of platelets were only two factors that associated with ROTEM hypercoagu-
lability. Moreover, ROTEM hypercoagulable state was a factor that associates
with MACCE within 5 years follow up [OR (95% CI) = 3.975 (1.28 - 12.32); P =
0.017] (Table 6 and Table 7).

DOI: 10.4236/wjcs.2019.910015

136 World Journal of Cardiovascular Surgery


https://doi.org/10.4236/wjcs.2019.910015

S. Laohathai, P. Samankatiwat

1.0 mﬂgﬂr_‘ Log-rank test P = 0.455
£ o0s-
]
e
g 0.6
=
2
% 0.4+
& 024

————— Normal
204 Hypercoagulable
0 1 2 3 4 5 6

Follow-up time (years)

Number at risk
Normal 56 55 35 48 11 1
Hypercoagulable 43 42 41 36 12 1

Figure 1. Overall survival between hypercoagulable and normal patients.

Table 1. Patient demographic data.

Characteristic data Hypercoagulable (N =44) Normal (N = 58) P-value
Age (year), mean (SD) 63.0 (10.0) 65 (8.1) 0.271
BMI (kg/m?), SD 24.14 (6.8) 2421 (3.3) 0.289
Sex, n (%)
Male 25 (56.8) 44 (75.9) 0.034
female 19 (43.2) 14 (24.1)
NYHA, n (%)
1 13 (29.5) 18 (31.0)
2 23 (52.2) 33 (56.8) 0616
3 5(11.4) 6 (10.3)
4 3(6.9) 1(1.9)
Smoke, n (%)
Non smoker 26 (59.1) 28 (48.2)
Ex-smoker 6 (13.6) 5(8.6) 0.287
Active smoker 12 (27.3) 23 (39.6)
Underlying
Diabetes, n (%) 23 (52) 20 (34) 0.055
Diabetes on insulin, n (%) 9 (20.4) 8 (13.8) 0.265
Hypertension, n (%) 40 (90.9) 50 (86.2) 0.342
ESRD, n (%) 5(11.3) 5(8.6) 0.446
COPD, n (%) 1(2.3) 1(1.7) 0.679
Dyslipidemia, n (%) 34 (77.2) 37 (63.7) 0.274
Autoimmune, n (%) 0 1(1.7) 0.569
PAD, n (%) 2 (4.5) 4(6.9) 0.478
Stroke, n (%) 7 (15.9) 4(6.9) 0.129
Cancer, n (%) 1(2.3) 1(1.7) 0.679
Atrial fibrillation, n (%) 0 3 (6.8) 0.180
Post PCI, n (%) 3(6.8) 6 (10.3) 0.400
LVEF
<30% 2 (4.5) 6 (10)
0.213
30% - 50% 25 (56) 23 (39)
>50% 17 (38) 29 (50)
Euroscore, mean (SD) 1.70 (1.37) 1.57 (2.21) 0.733
Urgency (%) 8(18.1) 7 (12) 0.279

BMI, body mass index; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Associa-
tion; PCI, percutaneous coronary intervention.
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Table 2. Laboratory data.

Laboratory data Hypercoagulable (N = 44) Normal (N = 58) P-value
Platelet (10°/L), mean (SD) 265 (62.2) 232.4 (61) 0.010
APTT (sec), SD 25.6 (4.5) 26.3 (4.0) 0.346
INR (SD) 1.0 (0.1) 1.0 (0.2) 0.152
Creatinine (mg/dL), mean (SD) 1.0 (0.3) 1.0 (0.3) 0.802
Hb (g/dL), mean (SD) 11.8 (1.7) 12.5 (1.6) 0.046
ALT (U/L), mean (SD) 37.6 (26.9) 40.2 (21.4) 0.590

APTT, activated partial thrombin time; Hb, hemoglobin; INR, international normalized ratio; ALT, alanine
aminotransferase.

Table 3. Operative data.

Hypercoagulable (N =44) Normal (N = 58) P-value

CPB time (mins), SD 134.7 (26.5) 131.5 (32.2) 0.591

Aortic clamp time (mins), SD 109.8 (21.4) 104.0 (26.2) 0.236
Conduit

Number of conduits, SD 3.77 (0.9) 3.88 (0.7) 0.531

IMA, n (%) 34 (77.3) 42 (72.4) 0.531

Radial artery, n (%) 4(2) 6 (10.3) 0.373

SVG, n (%) 44 (100) 44 (100) 0.554

CPB, cardiopulmonary bypass; IMA, internal mammary artery; SVG, saphenous vein graft.

Table 4. Postoperative data.

Hypercoagulable (N = 44) Normal (N = 58) P-value

Post-operative AF, n (%) 10 (22.7) 19 (32.7) 0.187

Re-operative, n (%) 1(2.3) 3(5.2) 0.419

Mortality rate 30 days, n (%) 1(2.3) 1(1.7) 0.845
Post-op complication, n (%)

Stroke 2 (4.5) 0 0.184

MI 1(2.3) 0 0.431

Thromboembolic events 1(2.3) 0 0.431

MACCE within 30 days, n (%) 4(9.1) 1(1.7) 0.163

AF, atrial fibrillation; MACCE, major adverse cardiocerebral events; MI, myocardial infarction.

Table 5. Follow 5 year data.

Hypercoagulable (N = 44) Normal (N = 58) P-value

Mortality rate in 5 year, n (%) 4(9.1) 3(5.2) 0.461
Complication in 5 year, n (%)

Stroke 5(11.4) 3(5.2) 0.286

MI 3(6.8) 1(1.7) 0.313

Thromboembolic events 5(11.4) 2(3.6) 0.234

MACCE in 5 year, n (%) 12 (27.2) 5(8.6) 0.012

MACCE, major adverse cardiocerebral events; MI, myocardial infarction.

Table 6. Univariate and multivariate logistic regression analysis of variables associated
with ROTEM-hypercoagulability.

Risk Factor Univariate P-value Multivariate P-value
Female gender  2.389 (1.024 - 5.572) 0.044 2.416 (1.002 - 5.828) 0.050
platelets 1.009 (1.002 - 1.016) 0.013 1.009 (1.002 - 1.016) 0.014
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Table 7. Univariate analysis of variables associated MACCE in 5 years follow-up.

Risk Factor Univariate P-value

ROTEM hypercoagulable state 3.975(1.28 - 12.32) 0.017

4. Discussion

We attempt to demonstrate the prevalence of hypercoagulability of patients un-
dergoing CABG in Thailand. We found out that 43% of CABG patients were
hypercoagulability which was similar to other studies. [17] [18] S. Rafiq et al. [17]
also reported that 43% of their CABG patients were TEG-hypercoagulability.
Moreover, this study also identified that female gender is a risk factor of ROTEM
hypercoagulability which related to several studies [19] [20] [21]. Roeloffzen et
al. and Theusinger et al. were reported that female factor could increase risk of
hypercoagulability in healthy middle-aged individuals [19] [20] [21].

In post-operative, our data showed that all 30 days-MACCE events (MI, stroke
and all-cause mortality) were slightly increased in ROTEM hypercoagulable pa-
tients but 5-years follow up were statistically significant which are concordant as
many studies. Zacho and their colleagues demonstrated that patients who were
MA > 69 define as TEG-hypercoagulable is associated with an increased risk of
post-surgical thrombo-embolic events but this was not reaching statistical signi-
ficance. Moreover, they did not find any association between coronary bypass
graft failure and thrombelastographic status [11].

Antiplatelet therapy has been well known as an important factor to prevent
recurrent ischemic events or graft thrombosis. The efficacy of aspirin is well
known as the first line drug for post CABG patients. Currently, clopidogrel
which mechanism is an inhibitor of the platelet adenosine diphosphate (ADP)
receptor, has been shown a benefit of reducing platelet-mediated thrombotic
events especially in off-pump CABG surgery [22] [23]. In hypercoagulability
CABG patient, Rafiq believes that the mechanism of hypercoagulability could be
caused by hyper aggregation of platelets. In order to prove this theory, they con-
tinue to study the phase 2 project (the TEG-CABG trial) between patients who
receive aspirin with clopidogrel and aspirin alone in hypercoagulable patients as
arandomized control trial. However, their result has not been reported yet [24].

On the contrary, the usage of anti-coagulant agent was seldom used in post
CABG. Thao et al. report a randomized control trial among warfarin plus pla-
cebo vs aspirin plus placebo vs warfarin plus aspirin in post coronary bypass
surgery. They found that adding anti-coagulant therapy or combine two drugs
were not gain a benefit than aspirin alone [25] [26]. A meta-analysis by Hender-
son and his colleagues that was also suggested a little benefit of anti-coagulant
agent in post CABG [27].

In this study we have found that A10, A20 and MCF are dramatically in-
creased among EXTEM, INTEM and FIBTEM. Both of their parameters also re-
flect hypercoagulability pathways. As a result of this, we may be believed that a
dual anti-platelet may take a vital role in post ROTEM hypercoagulable on-pump
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CABG patients. There are still no guidelines or study from ECS/EACTS/AHA
support an anti-coagulable in addition to aspirin or anti-dual platelet after on-pump
CABG patients [26] [28].

In conclusion, the result of this study demonstrates that ROTEM-hypercoagulable
patients are at higher risk of MACCE after surgery. Further studies are required
to investigate the relationship between hypercoagulability and thromboembolic
risk postoperatively in short and long term, and whether this risk can be mini-
mized by a dual anti-platelets therapy.

As a result of our study, a hemostatic profile that was evaluated by ROTEM
may potentially become a powerful tool to predict the outcome after the post-

operative coronary artery bypass surgery.

Limitation

Besides the limitations of the number of patients in this study, we did not ex-
amine aspirin pre-operatively, postoperative infections, acute renal failure, blood
transfusions which could associated with risks for myocardial infarction, stroke
and death. We also did not focus in on-pump beating or off-pump surgery due
to several studies had shown that their procedure can cause hypercoagulable
state [22] [23]. We still need a randomized clinical trials (RCTs) are needed to
evaluate whether intensified a dual anti-platelet therapy after surgery would re-
duce all MACCE and mortality in hypercoagulable patients.
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