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OBJECTIVES: Ischemic stroke (IS) or transient ischemic attack (TIA) history is present in 4-17% of patients with
coronary artery disease (CAD). This subgroup of patients is at high risk for both ischemic and bleeding events.
The aim of this study was to determine the role of platelet aggregability, coagulation and endogenous
fibrinolysis in patients with CAD and previous IS or TIA.

METHODS: A prospective case-control study that included 140 stable CAD patients divided into two groups: the
CASE group (those with a previous IS/TIA, n=70) and the CONTROL group (those without a previous IS/TIA,
n=70). Platelet aggregability (VerifyNow Aspirins and VerifyNow P2Y12s), coagulation (fibrinogen and
thromboelastography by Reoroxs) and endogenous fibrinolysis (D dimer and plasminogen activator inhibitor-1)
were evaluated.

RESULTS: Patients in the CASE group presented significantly higher systolic blood pressure levels (135.84±16.09
vs 123.68±16.11, po0.01), significantly more previous CABG (25.71% vs 10%, p=0.015) and significantly higher
calcium channel blocker usage (42.86% vs 24.29%, p=0.02) than those in the control group. In the adjusted
models, low triglyceride values, low hemoglobin values and higher systolic blood pressure were significantly
associated with previous IS/TIA (CASE group). Most importantly, platelet aggregability, coagulation and
fibrinolysis tests were not independently associated with previous cerebrovascular ischemic events (CASE
group).

CONCLUSION: Platelet aggregability, coagulation and endogenous fibrinolysis showed similar results among
CAD patients with and without previous IS/TIA. Therefore, it remains necessary to identify other targets to
explain the higher bleeding risk presented by these patients.
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’ INTRODUCTION

Ischemic stroke (IS) or transient ischemic attack (TIA)
history is present in approximately 4-8% (1-3) of patients with
acute coronary syndrome (ACS) and approximately 4-17% of
patients with stable atherosclerotic disease (CAD) (4-6).
This patient population has a higher prevalence of cardio-

vascular risk factors and a higher prevalence of established

cardiovascular disease compared to patients without pre-
vious ischemic cerebrovascular events (IS/TIA). These
characteristics imply a high risk for major cardiovascular
events, including cardiovascular mortality (4-7).
On the other hand, patients with previous IS/TIA also have

an increased incidence of major bleeding events, especially
when subjected to the more potent modern antithrombotic
regimens, which include some of the new antiplatelet drugs
that are contraindicated in this population (8-10).
Platelet aggregability, the coagulation system and endo-

genous fibrinolysis play key roles in the "ischemic-hemor-
rhagic" balance. However, little is known about the roles of
these factors specifically in patients with prior cerebrovas-
cular events.
The purpose of this study was to evaluate whether

patients with CAD and previous IS/TIA show any differ-
ences in terms of platelet aggregation, coagulation tests orDOI: 10.6061/clinics/2019/e1222
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endogenous fibrinolysis in comparison with patients without
these complications, which could explain, at least in part, the
increased bleeding risk in these individuals.

’ METHODS

Study design: This study was designed as a case-control
study (with a 1:1 allocation ratio). Individuals in the case (those
with a previous IS/TIA) and control groups were retro-
spectively selected and matched for sex, age, type of previous
ACS (STEMI, NSTEMI and UA), and time between the ACS
and inclusion in the study. Ethics approval was obtained from
the local institutional review board.
Inclusion criteria: The inclusion criteria included a prior

ACS (over 12 months prior to inclusion), a history of IS/TIA
prior to the diagnosis of ACS, chronic use of aspirin since the
diagnosis of ACS, and signing of the inform consent form.
Exclusion criteria: The exclusion criteria included a prior

hemorrhagic stroke, current dual antiplatelet therapy or anti-
inflammatory nonsteroidal therapy, any thrombophilia or
coagulopathy, thrombocytopenia (o100,000/mm3), throm-
bocytosis (4450,000/mm3), PCI or CABG in the last 6 months,
severe renal impairment (GFR o30 mL/min by MDRD) and
any terminal illness.
Participants: The medical records of all patients who were

diagnosed with ACS and had a history of IS/TIA, which
were included in the coronary care unit and cardiac surgery
service databanks, were analyzed. From January 2013 to April
2015, 918 records were evaluated; 412 did not meet the
inclusion criteria (mainly because the IS/TIA occurred after
the ACS diagnosis), 122 presented at least one of the exclusion

criteria (mainly severe kidney dysfunction), and 314 were
excluded for other reasons (mainly for the difficulty in finding
a suitable matched control subject). As shown in Figure 1, 140
individuals were included in the present study, of whom
70 were in the case group and 70 were in the control group.

Interventions: After the careful review of medical records
and confirmation of inclusion and exclusion criteria, eligible
patients were invited to participate in the study. After signing
the informed consent form, patients underwent a clinical
evaluation to confirm the data records and adherence to AAS.

Laboratory tests: In addition to hematological (CBC) and
metabolic (renal function, lipid and glucose profile) evalua-
tions, laboratory tests directly related to the main purpose of
this study were performed as follows:

� Platelet aggregability - platelet aggregation mediated by thro-
mboxane A2 (TX A2) was assessed by VerifyNow Aspirins,
while platelet aggregation mediated by ADP was evaluated
by VerifyNow P2Y12s. The high residual platelet reactivity
(HRPR) to AAS was defined by an ARU 4550 (11).

� Coagulation – fibrinogen and thromboelastography (Reoroxs)
were evaluated.

� Endogenous fibrinolysis - D dimer and plasminogen
activator inhibitor-1 (PAI-1) were evaluated.

Statistical analysis
Data normality was tested by the Kolmogorov-Smirnov

test. Continuous variables are expressed as the mean (+/- SD).
Comparisons between the two groups were performed using
Student’s t-test for Gaussian variables and the Mann-Whitney
U test for non-Gaussian variables.

Figure 1 - Inclusion Flowchart. ACS- acute coronary syndrome, IS- ischemic stroke, TIA- transient ischemic attack, GFR- glomerular
filtration rate, pts- patients.
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Categorical variables are expressed as the absolute number
and relative frequency, and comparisons between the two
groups were performed using the Chi-square test or Fisher’s
exact test, as indicated.

Multivariable models
In stepwise logistic regression analysis, previous IS/TIA

was the dependent variable, and the baseline variables depic-
ted in Table 1 were the independent variables. Each of the
platelet, coagulation and endogenous fibrinolysis tests was
separately included as an independent variable, thus produ-
cing a total of 6 adjusted models.

SPSS version 20.0 software (IBM, USA) was utilized for the
analyses, and a p-value o0.05 (2-tailed) was used to indicate
statistically significant differences. With respect to missing
data, we use a listwise deletion approach.

’ RESULTS

Study population
Of the total 140 patients included in the analyses, 70%

were male, 68% had a previous AMI, and the index ACS
occurred 5 years before inclusion in the study. Furthermore,
the mean age of the patients was 60 years.

Table 1 - Baseline characteristics of the population.

Case Group Control Group 95% CI p

Age (years ±SD) 67.64±9.62 66.50±9.97 (-4.42; 2.13) 0.49

Male (%) 71.43 68.57 (-18.03; 12.32) 0.71

White (%) 60 47.14 (-3.53; 29.24) 0.12

BMI (kg/m2±SD) 27.86±5.6 27.47±4.46 (-1.33; 2.11) 0.65

HR (bpm±SD) 64.28±8.83 65.91±8.83 (-4.73; 1.46) 0.29

SBP (mmHg±SD) 135.84±16.09 123.68±16.11 (6.19; 18.14) o0.001

DBP (mmHg±SD) 77.03±10.99 75.66±9.26 (-2.07; 4.80) 0.43

Diabetes (%) 48.57 44.29 (-12.22; 20.79) 0.61

Hypertension (%) 94.29 85.71 (-1.27; 18.41) 0.09

Antihypertensive medications (n±SD) 2.37±1.09 3.0±1.23 (-1,02; -0,24) 0.006

CKD (%) 52.86 37.14 (-0.56; 31.99) 0.61

Hypercholesterolemia (%) 70 80 (-24.25; 4.25) 0.17

Current smoker (%) 5.71 5.71 (-7.69; 7.69) 1.00

Atrial fibrillation (%) 7.14 2.86 (-2.90; 11.47) 0.44

PAD (%) 2.86 5.71 (-9.55; 3.84) 0.68

AMI (%) 67.15 70 (-18.23; 12.52) 0.51

Time since ACS (years±SD) 5.57±2.78 5.05±2.67 (-0.40; 1.43) 0.27

PCI (%) 31.43 31.43 (-15.38; 15.38) 1.00

CABG (%) 25.71 10 (3.30; 28.13) 0.015

Medications

Aspirin 4100 mg/d (%) 11.42 8.57 (-7.07; 12.78) 0.57

Statin (%) 94.29 94.29 (-7.69; 7.69) 1.00

ACE inhibitor (%) 54.29 57.14 (-19.31; 13.59) 0.73

ARB (%) 27.14 18.57 (-5.27; 22.41) 0.22

Calcium channel blocker (%) 42.86 24.29 (3.23; 33.91) 0.02

Diuretics (%) 44.29 37.14 (-9.09; 23.38) 0.38

Nitrate (%) 28.57 15.71 (-0.73; 26.45) 0.06

Beta blocker (%) 88.57 80.00 (-3.40; 20.54) 0.16

Oral hypoglycemic medications (%) 41.43 44.29 (-19.25; 13.53) 0.73

Insulin (%) 10.00 18.57 (-20.08; 2.93) 0.14

PPI (%) 61.43 42.86 (2.31; 34.83) 0.07

Oral anticoagulants (%) 7.14 2.86 (-2.90; 1.47) 0.44

SRI (%) 12.86 7.14 (-4.18; 15.61) 0.25

Hematologic, metabolic and inflammatory tests

Hemoglobin (g/dL) 14.18±1.63 14.59±1.40 (-0.93; 0.09) 0.10

Platelets/mm3 242228.6±62225.98 237857.1±56653.1 (-16411; 25154) 0.67

Leukocytes/mm3 7468.29±1882.81 7647.57±1961.47 (-821.80; 463.28) 0.58

Total cholesterol (mg/dL) 162.56±38.86 165.61±38.44 (-15.98; 9.86) 0.64

LDL (mg/dL) 92.39±30.01 93.23±31.51 (-11.13; 9.44) 0.87

HDL (mg/dL) 43.37±13.2 44.31±9.93 (-4.85; 2.96) 0.63

Triglycerides (mg/dL) 133.00±59.57 144.46±95.69 (-38.10; 15.18) 0.90

BUN (mg/dL) 44.26±14.03 41.46±15.17 (-2.08; 7.68) 0.09

Creatinine (mg/dL) 1.24±0.35 1.11±0.27 (0.02; 0.23) 0.037

GFR (mL/min/1.73 m2) 66.03±22.61 68.48±21.54 (-9.88; 4.98) 0.35

Fasting glucose (mg/dL) 116.16±32.03 134.88±57.58 (-62.49; -2.32) 0.031

HBA1c (%) 7.57±8.74 7.05±2.17 (-1.61; 2.65) 0.63

Lipoprotein (a) 47.39±43.81 44.14±44.78 (-11.73; 18.23) 0.55

us-CRP (mg/dL) 5.41±7.95 3.79±5.25 (-0.63; 3.88) 0.06

INR 1.07±0.21 1.08±0.31 (-0.098; 0.078) 0.36

BMI- body mass index, HR- heart rate, SBP- systolic blood pressure, DBP- diastolic blood pressure, CKD- chronic kidney disease, PAD- peripheral artery

disease, AMI- acute myocardial infarction, PCI- percutaneous coronary intervention, CABG- coronary artery bypass graft, ACE- angiotensin-converting

enzyme, ARB- angiotensin receptor blocker, PPI- proton-pump inhibitors, SRI- serotonin receptor inhibitors, LDL- low-density lipoprotein cholesterol,

HDL- high-density lipoprotein cholesterol, BUN- blood urea nitrogen, GFR- glomerular filtration rate, HBA1c- glycated hemoglobin, us-CRP- ultra sensitive

C-reactive protein, INR- international normalized ratio, 95% CI- 95% confidence interval.
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Baseline characteristics
As shown in Table 1, patients in the case and control

groups were adequately matched for the prespecified varia-
bles. However, patients in the case group presented signifi-
cantly higher systolic blood pressure levels (135.84±16.09 vs

123.68±16.11, po0.001), even though the use of antihyper-
tensive medications was more common in this population
(2.37±1.09 vs 3.0±1.23, p=0.006).
Cardiologic risk factors in both groups did not show statis-

tically significant differences. In the analysis of preexisting
cardiovascular diseases, there were no significant differences
between the two groups with regard to AF, PAD and pre-
vious PCI. However, the case group more frequently had a
past history of CABG (25.71% vs 10%, p=0.015).
All patients were taking aspirin, as this was mandatory for

participation in the study. Few individuals were using a
dosage higher than 100 mg/day. There were no statistically
significant differences regarding previous medication usage,
except for calcium channel blockers, which were more
frequently used in the case group (42.86% vs 24.29%, p=0.02).
The values for hematological and inflammatory variables

were similar between patients in both groups. In relation to
the metabolic profile, the lipid profile did not present any
differences between the two groups. However, the case
group presented higher creatinine levels (but similar values
for the glomerular filtration rate) and higher fasting glucose
levels (although similar glycosylated hemoglobin levels)
compared to the control group.

Platelet aggregability
Platelet aggregation mediated by thromboxane A2, which

was evaluated by VerifyNows Aspirin, was not statistically
significantly different between the groups. Furthermore, this
same pattern was observed for the platelet aggregation medi-
ated by ADP, which was evaluated by VerifyNow P2Y12s.
Upon analyzing the high residual platelet reactivity to AAS,
no significant differences were again observed between the
two groups (Table 2).

Coagulation
The fibrinogen values of the case and control groups were

not statistically significantly different, and a similar pattern
was observed for the maximum clot firmness, which was
evaluated by thromboelastography (Table 2).

Endogenous fibrinolysis
No statistically significant differences were observed in

either the D dimer or PAI-1 levels (Table 2).

Adjusted models
Table 3 shows the variables that were observed as being

significantly associated with a previous IS/TIA in each of the
adjusted models. The triglyceride values were associated
with a previous IS/TIA in model 1 (including VerifyNow
Aspirin), model 2 (including VerifyNow P2Y12) and model 5
(including PAI-1). Hemoglobin values were also significantly
associated with a previous IS/TIA in 2 of the models (models
2 and 5). In model 4 (including maximum clot firmness by
thromboelastography), systolic blood pressure was asso-
ciated with a previous IS/TIA. As shown in Table 3, none of
the variables in models 3 and 6 (which included fibrinogen
and D-dimer, respectively) were associated with a previous
IS/TIA. The most important finding was that none of the
platelet aggregability, coagulation or fibrinolysis tests were
independently associated with a previous cerebrovascular
ischemic event.

’ DISCUSSION

The main finding of our study is that the higher bleeding
risk related to patients with CAD and previous cerebrovas-
cular ischemic events could not be explained by differences

Table 3 - Variables that correlated significantly and
independently with previous IS/AIT in each of the adjusted
statistical models.

Adjusted Model Variables p OR 95% CI

Model 1

Triglycerides 0.02 0.98 0.97-0.99

Model 2

Triglycerides 0.01 0.98 0.96-0.99

Hemoglobin 0.04 0.35 0.12-0.95

Model 3

N.V N.V N.V N.V

Model 4

SBP 0.03 2.69 1.05-6.8

DBP 0.04 0.36 0.13-0.98

Model 5

Triglycerides 0.03 0.98 0.97-0.99

Hemoglobin 0.03 0.11 0.01-0.87

Model 6

N.V N.V N.V N.V

Model 1- includes VerifyNow Aspirins, Model 2- includes VerifyNow

P2Y12s, Model 3- includes fibrinogen, Model 4- includes the maximum

clot firmness by thromboelastogram, Model 5- includes PAI-1, Model 6-

includes D-dimer, N.V- no statistically significant variables in the adjusted

model, SBP- systolic blood pressure, DBP- diastolic blood pressure, 95% CI-

95% confidence interval.

Table 2 - Platelet aggregation, coagulation and endogenous fibrinolysis.

Case Group Control Group 95% CI p

Platelet aggregation mediated by thromboxane A2

VerifyNow Aspirins (ARU±SD) 525.00±79.78 530.35±83.81 (-32.9; 22.2) 0.7

HRPR to AAS (%) 40.58 42.03 (-0.15; 0.17) 0.86

Platelet aggregation mediated by ADP

VerifyNow P2Y12s (PRU±SD) 262.14±43.03 251.74±43.72 (-6.16; 26.97) 0.21

Coagulation

Fibrinogen (mg/dL±SD) 370.46±80.11 366. 86±94.19 (-25.62; 32.82) 0.8

MCF (Pa±SD) 2136.00±569.97 2001.27±635.68 (-67.87; 337.33) 0.19

Endogenous fibrinolysis

D dimer (ng/dL±SD) 645.29±1321.84 459.24±769.54 (-175.40; 547.52) 0.72

PAI-1 (pg/mL±SD) 31.78±30.53 27.42±20.13 (-4.40; 13.13) 0.73

ARU- aspirin reaction units, HRPR- high residual platelet reactivity, ADP- adenosine diphosphate, PRU- P2Y12 reaction units, MCF- maximum clot firmness,

PAI-1- plasminogen activator inhibitor, SD- standard deviation, 95% CI- 95% confidence interval.
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in platelet aggregability, coagulation or endogenous fibrino-
lysis in these patients.
The ADAPT-DES study showed that HRPR to AAS

(ARU4550) is a protective factor of major bleeding after
drug-eluted stent implantation. In our patient population,
HRPR to AAS was similar among patients with previous IS/
TIA and those without previous IS/TIA, which does not
justify the difference in bleeding risk between these groups of
individuals (12).
An exacerbated response to clopidogrel (PRUo95) was

associated with higher major bleeding rates in patients inclu-
ded in the ADAPT-DES study. In our study, there were no
significant differences observed in the VerifyNow P2Y12s

results between patients in the IS/TIA and non-IS/TIA
groups who did not utilize clopidogrel. Despite the fact that
we did not analyze the eventual antiplatelet response to clo-
pidogrel, the subanalysis of the POPULAR Trial did this,
analyzing patients with and without previous IS/TIA, and
the results indicated that there were no significant differences
in the PRU after clopidogrel use between the groups (13).
It is important to remember that many medications used in

ACS treatment influence coagulation factors, which can lead
to different bleeding outcomes. Moreover, there seems to be a
stronger correlation between serum coagulation factor values
and ischemic events than between serum coagulation factor
values and bleeding events. At this moment, the only co-
agulation factor that is clearly associated with a higher
incidence of bleeding outcomes is Factor XIII, which was not
measured in our study (14).
Although endogenous fibrinolysis is an opposite process

to that of atherothrombosis, the correlation between serum
values of fibrinolysis markers and ischemic or bleeding
events is not clear. In this study, we observed no significant
differences in the analyzed groups regarding PAI-1 and D
dimer values. This finding suggests that fibrinolysis (at least
when measured by the PAI-1 and D dimer values) does not
justify the higher bleeding outcomes observed in patients
with a previous IS/TIA (15).
Three of the adjusted models used in our study suggested

a relationship between low triglyceride levels and a previous
IS/TIA. After corroborating our findings with those of the
Rotterdam study, a strong correlation between low triglycer-
ide levels and intracerebral hemorrhage was observed (16).
In another study, Bonaventura and Cols observed a risk for
hemorrhagic stroke in patients with low triglyceride levels
(o0.94 mmol/L) that was twice as high as the risk for hemor-
rhagic stroke in those without low triglyceride levels (17).
There are some possible explanations for these findings.

First, some studies have suggested a positive relationship
between high triglyceride levels, coagulation factors and
blood viscosity, resulting in a possible prohemorrhagic state
in patients with low triglyceride values (16,18). Second, chole-
sterol and fatty acids are essential elements of cell membranes.
Experimental studies have suggested a relationship between
low cholesterol levels, higher cellular membrane permeability
(19) and endothelial weakness in small intracerebral arteries
(20). However, the influence of triglyceride levels in this
scenario has not been well studied.
Hypertension is an important risk factor for ischemic

events, including IS/TIA (21). However, hypertension is
correlated with bleeding events, especially during antith-
rombotic treatment (22). In our study, patients with previous
cerebrovascular ischemic events presented higher systolic
arterial blood pressure values at baseline despite using more

anti-hypertensive medications. These findings suggest a
difficulty in controlling systolic hypertension among patients
with a previous IS/TIA, which could be related to the higher
risk for adverse events in this population.
A low hemoglobin value is a strong predictor of major

bleeding events in patients with ACS in the intrahospital
phase and long-term follow-up phase (23-26). In our study,
low hemoglobin values were independently associated with
a previous IS/TIA (individuals at a high risk for bleeding).
In addition to being a possible marker for patients suffering
from a previous hemorrhage (e.g., gastrointestinal bleedings),
hemoglobin is directly associated with primary hemostasis
via platelet adhesion, activation and aggregability (27-30).
In summary, the higher risk for bleeding demonstrated

among patients with IS/TIA when subjected to more potent
anti-thrombotic therapies could not be explained by the
variables analyzed in this present study. Therefore, other
pathophysiologic mechanisms should be responsible for
these findings, as the presence of a dysfunctional hematoen-
cephalic barrier has been demonstrated in individuals with
previous cerebrovascular events (31-33).
Our study has some limitations. First, it has a retrospective

design. Therefore, despite having case-control matched for 4
different variables, other nonmatched variables could have
influenced the results. However, because of the low incidence
of a previous IS/TIA in patients with ACS, a prospective
design would be unpractical. Second, the case group pre-
sented with mild sequelae (mean modified Rankin scale
score=2), which may be justified by the worse outcome of
patients with higher Rankin scores. Therefore, no conclusion
can be drawn for patients with more severe sequelae post-
IS/TIA.

’ CONCLUSIONS

Platelet aggregability, coagulation and endogenous fibri-
nolysis showed similar results among CAD patients with
and without previous IS/TIA. Therefore, it remains neces-
sary to identify other targets to explain the higher bleeding
risk presented by these patients.

’ ACKNOWLEDGMENTS

This work was supported by the São Paulo Research Foundation, FAPESP.

’ AUTHOR CONTRIBUTIONS

Barbosa CJDG, Nicolau JC and Barreiros RS designed the study. Franci A,

Arantes FBB, Furtado RHM, Strunz CMC, Rocha TRF and Baracioli LM

acquired data, drafted the manuscript and approved its final version.

Ramires JAF, Kalil-Filho R and Nicolau JC provided substantial

contributions to the study conception/design, revised the intellectual

content of the manuscript and approved its final version.

’ REFERENCES

1. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP,
et al. Predictors of hospital mortality in the global registry of acute cor-
onary events. Arch Intern Med. 2003;163(19):2345-53. https://doi.org/
10.1001/archinte.163.19.2345

2. Boersma E, Pieper KS, Steyerberg EW, Wilcox RG, Chang WC, Lee KL,
et al. Predictors of outcome in patients with acute coronary syndromes
without persistent ST-segment elevation. Results from an international
trial of 9461 patients. The PURSUIT Investigators. Circulation. 2000;
101(22):2557-67. https://doi.org/10.1161/01.CIR.101.22.2557

3. Zeymer U, Heuer H, Schwimmbeck P, Genth-Zotz S, Wolff K, Nienaber
CA, et al. Guideline-adherent therapy in patients with acute coronary

5

CLINICS 2019;74:e1222 Platelets, coagulation, fibrinolysis, CAD and IS
Barbosa CJDG et al.

https://doi.org/10.1001/archinte.163.19.2345
https://doi.org/10.1001/archinte.163.19.2345
https://doi.org/10.1161/01.CIR.101.22.2557


syndromes. The EPICOR registry in Germany. Herz. 2015;1:27-35.
https://doi.org/10.1007/s00059-014-4161-7

4. Ducrocq G, Amarenco P, Labreuche J, Alberts MJ, Mas JL, Ohman EM,
et al. A history of stroke/transient ischemic attack indicates high risks of
cardiovascular event and hemorrhagic stroke in patients with coronary
artery disease. Circulation. 2013;127(6):730-8. https://doi.org/10.1161/
CIRCULATIONAHA.112.141572

5. Goodman SG, Nicolau JC, Requena G, Maguire A, Blankenberg S, Chen
JY, et al. Longer-term oral antiplatelet use in stable post-myocardial
infarction patients: Insights from the long Term risk, clinical manaGement
and healthcare Resource utilization of stable coronary artery dISease
(TIGRIS) observational study. Int J Cardiol. 2017;236:54-60. https://doi.
org/10.1016/j.ijcard.2017.02.062

6. Chen WH, Ho DS, Ho SL, Cheung RT, Cheng SW. Prevalence of extra-
cranial carotid and vertebral artery disease in Chinese patients with cor-
onary artery disease. Stroke. 1998;29(3):631-4. https://doi.org/10.1161/
01.STR.29.3.631

7. Mukherjee D, Eagle KA, Kline-Rogers E, Feldman LJ, Juliard JM, Agnelli
G, et al. Impact of prior peripheral arterial disease and stroke on outcomes
of acute coronary syndromes and effect of evidence-based therapies (from
the Global Registry of Acute Coronary Events). Am J Cardiol. 2007;
100(1):1-6. https://doi.org/10.1016/j.amjcard.2007.02.046

8. Diener HC, Bogousslavsky J, Brass LM, Cimminiello C, Csiba L, Kaste M,
et al. Aspirin and clopidogrel compared with clopidogrel alone after
recent ischaemic stroke or transient ischaemic attack in high-risk patients
(MATCH): randomised, double-blind, placebo-controlled trial. Lancet.
2004;364(9431):331-7. https://doi.org/10.1016/S0140-6736(04)16721-4

9. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Got-
tlieb S, et al. Prasugrel versus clopidogrel in patients with acute coronary
syndromes. N Engl J Med. 2007;357(20):2001-15. https://doi.org/10.
1056/NEJMoa0706482

10. Morrow DA, Braunwald E, Bonaca MP, Ameriso SF, Dalby AJ, Fish MP, et al.
Vorapaxar in the secondary prevention of atherothrombotic events. N Engl J
Med. 2012;366(15):1404-13. https://doi.org/10.1056/NEJMoa1200933

11. Stone GW, Witzenbichler B, Weisz G, Rinaldi MJ, Neumann FJ, Metzger
DC, et al. Platelet reactivity and clinical outcomes after coronary artery
implantation of drug-eluting stents (ADAPT-DES): a prospective multi-
centre registry study. Lancet. 2013;382(9892):614-23. https://doi.org/
10.1016/S0140-6736(13)61170-8

12. Chen WH, Lee PY, Ng W, Tse HF, Lau CP. Aspirin resistance is associated
with a high incidence of myonecrosis after non-urgent percutaneous
coronary intervention despite clopidogrel pretreatment. J Am Coll Car-
diol. 2004;43(6):1122-26. https://doi.org/10.1016/j.jacc.2003.12.034

13. Breet NJ, van Donkersgoed HE, van Werkum JW, Bouman HJ, Kelder JC,
Zijlstra F, et al. Is platelet inhibition due to thienopyridines increased in
elderly patients, in patients with previous stroke and patients with low
body weight as a possible explanation of an increased bleeding risk? Neth
Heart J. 2011;19(6):279-84. https://doi.org/10.1007/s12471-011-0105-5

14. Campo G, Pavasini R, Pollina A, Tebaldi M, Ferrari R. Coagulation factors
and recurrence of ischemic and bleeding adverse events in patients with
acute coronary syndromes. Thromb Res. 2013;132(2):151-7. https://doi.
org/10.1016/j.thromres.2013.06.007

15. Okafor ON, Gorog DA. Endogenous Fibrinolysis: An Important Mediator
of Thrombus Formation and Cardiovascular Risk. J Am Coll Cardiol.
2015;65(16):1683-99. https://doi.org/10.1016/j.jacc.2015.02.040

16. Wieberdink RG, Poels MM, Vernooij MW, Koudstaal PJ, Hofman A, van
der Lugt A, et al. Serum lipid levels and the risk of intracerebral hemor-
rhage: the Rotterdam Study. Arterioscler Thromb Vasc Biol. 2011;
31(12):2982-9. https://doi.org/10.1161/ATVBAHA.111.234948

17. Bonaventure A, Kurth T, Pico F, Barberger-Gateau P, Ritchie K, Stapf C,
et al. Triglycerides and risk of hemorrhagic stroke vs. ischemic vascular
events: The Three-City Study. Atherosclerosis. 2010;210(1):243-8. https://
doi.org/10.1016/j.atherosclerosis.2009.10.043

18. Machida T, Sumino H, Fukushima M, Kotajima N, Amagai H, Murakami
M. Blood rheology and the low-density lipoprotein cholesterol/high-
density lipoprotein cholesterol ratio in dyslipidaemic and normolipi-
daemic subjects. J Int Med Res. 2010;38(6):1975-84. https://doi.org/
10.1177/147323001003800611

19. Bruckdorfer KR, Demel RA, De Gier J, van Deenen LL. The effect of
partial replacement of membrane cholesterol by other steroids on the
osmotic fragility and glycerol permeability of erythrocytes. Biochim Bio-
phys Acta. 1969;183(2):334-45. https://doi.org/10.1016/0005-2736(69)
90089-3

20. Reed DM. The paradox of high risk of stroke in populations with low risk
of coronary heart disease. Am J Epidemiol. 1990;131(4):579-88. https://
doi.org/10.1093/oxfordjournals.aje.a115542

21. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ.
Validation of clinical classification schemes for predicting stroke:
results from the National Registry of Atrial Fibrillation. JAMA. 2001;
285(22):2864-70. https://doi.org/10.1001/jama.285.22.2864

22. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel
user-friendly score (HAS-BLED) to assess 1-year risk of major bleeding in
patients with atrial fibrillation: the Euro Heart Survey. Chest. 2010;
138(5):1093-100. https://doi.org/10.1378/chest.10-0134

23. Subherwal S, Bach RG, Chen AY, Gage BF, Rao SV, Newby LK, et al.
Baseline risk of major bleeding in non-ST-segment-elevation myocardial
infarction: the CRUSADE (Can Rapid risk stratification of Unstable
angina patients Suppress ADverse outcomes with Early implemen-
tation of the ACC/AHA Guidelines) Bleeding Score. Circulation. 2009;
119(14):1873–82. https://doi.org/10.1161/CIRCULATIONAHA.108.828541

24. Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ, et al.
A risk score to predict bleeding in patients with acute coronary syn-
dromes. J Am Coll Cardiol. 2010;55(23):2556-66. https://doi.org/10.1016/
j.jacc.2009.09.076

25. Mathews R, Peterson ED, Chen AY, Wang TY, Chin CT, Fonarow GC, et al.
In-hospital major bleeding during ST-elevation and non-ST-elevation
myocardial infarction care: derivation and validation of a model from the
ACTION Registrys-GWTGt. Am J Cardiol. 2011;107(8):1136-43. https://
doi.org/10.1016/j.amjcard.2010.12.009

26. Alfredsson J, Neely B, Neely ML, Bhatt DL, Goodman SG, Tricoci P, et al.
Predicting the risk of bleeding during dual antiplatelet therapy after acute
coronary syndromes.Heart. 2017;103(15):1168-76. https://doi.org/10.1136/
heartjnl-2016-310090

27. Bassand JP, Afzal R, Eikelboom J, Wallentin L, Peters R, Budaj A, et al.
Relationship between baseline haemoglobin and major bleeding compli-
cations in acute coronary syndromes. Eur Heart J. 2010;31(1):50-8.
https://doi.org/10.1093/eurheartj/ehp401

28. Eugster M, Reinhart WH. The influence of the haematocrit on primary
haemostasis in vitro. Thromb Haemost. 2005;94(6):1213–8. https://doi.
org/10.1160/TH05-06-0424

29. Turitto VT, Weiss HJ. Red blood cells: their dual role in thrombus for-
mation. Science. 1980;207(4430):541–3. https://doi.org/10.1126/science.
7352265

30. Reimers RC, Sutera SP, Joist JH. Potentiation by red blood cells of shear-
induced platelet aggregation: relative importance of chemical and phy-
sical mechanisms. Blood. 1984;64(6):1200–6.

31. Álvarez-Sabín J, Maisterra O, Santamarina E, Kase CS. Factors influencing
haemorrhagic transformation in ischaemic stroke. Lancet Neurol. 2013;
12(7):689-705. https://doi.org/10.1016/S1474-4422(13)70055-3

32. Pezzini A, Padovani A. Cerebral amyloid angiopathy-related hemor-
rhages. Neurol Sci. 2008;29Suppl 2:S260-3. https://doi.org/10.1007/
s10072-008-0957-7

33. Smith EE, Rosand J, Knudsen KA, Hylek EM, Greenberg SM. Leukoar-
aiosis is associated with warfarin-related hemorrhage following ischemic
stroke. Neurology. 2002;59(2):193-7. https://doi.org/10.1212/WNL.59.
2.193

6

Platelets, coagulation, fibrinolysis, CAD and IS
Barbosa CJDG et al.

CLINICS 2019;74:e1222

https://doi.org/10.1007/s00059-014-4161-7
https://doi.org/10.1161/CIRCULATIONAHA.112.141572
https://doi.org/10.1161/CIRCULATIONAHA.112.141572
https://doi.org/10.1016/j.ijcard.2017.02.062
https://doi.org/10.1016/j.ijcard.2017.02.062
https://doi.org/10.1161/01.STR.29.3.631
https://doi.org/10.1161/01.STR.29.3.631
https://doi.org/10.1016/j.amjcard.2007.02.046
https://doi.org/10.1016/S0140-6736(04)16721-4
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa1200933
https://doi.org/10.1016/S0140-6736(13)61170-8
https://doi.org/10.1016/S0140-6736(13)61170-8
https://doi.org/10.1016/j.jacc.2003.12.034
https://doi.org/10.1007/s12471-011-0105-5
https://doi.org/10.1016/j.thromres.2013.06.007
https://doi.org/10.1016/j.thromres.2013.06.007
https://doi.org/10.1016/j.jacc.2015.02.040
https://doi.org/10.1161/ATVBAHA.111.234948
https://doi.org/10.1016/j.atherosclerosis.2009.10.043
https://doi.org/10.1016/j.atherosclerosis.2009.10.043
https://doi.org/10.1177/147323001003800611
https://doi.org/10.1177/147323001003800611
https://doi.org/10.1016/0005-2736(69)90089-3
https://doi.org/10.1016/0005-2736(69)90089-3
https://doi.org/10.1093/oxfordjournals.aje.a115542
https://doi.org/10.1093/oxfordjournals.aje.a115542
https://doi.org/10.1001/jama.285.22.2864
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.1161/CIRCULATIONAHA.108.828541
https://doi.org/10.1016/j.jacc.2009.09.076
https://doi.org/10.1016/j.jacc.2009.09.076
https://doi.org/10.1016/j.amjcard.2010.12.009
https://doi.org/10.1016/j.amjcard.2010.12.009
https://doi.org/10.1136/heartjnl-2016-310090
https://doi.org/10.1136/heartjnl-2016-310090
https://doi.org/10.1093/eurheartj/ehp401
https://doi.org/10.1160/TH05-06-0424
https://doi.org/10.1160/TH05-06-0424
https://doi.org/10.1126/science.7352265
https://doi.org/10.1126/science.7352265
https://doi.org/10.1016/S1474-4422(13)70055-3
https://doi.org/10.1007/s10072-008-0957-7
https://doi.org/10.1007/s10072-008-0957-7
https://doi.org/10.1212/WNL.59.2.193
https://doi.org/10.1212/WNL.59.2.193

	Platelet function, coagulation and fibrinolysis in
patients with previous coronary and cerebrovascular
ischemic events
	INTRODUCTION
	METHODS
	Statistical analysis
	Multivariable models

	RESULTS
	Study population
	Baseline characteristics
	Platelet aggregability
	Coagulation
	Endogenous fibrinolysis
	Adjusted models

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


