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Abstract

Background: The aim of the present study was to 
investigate the effects of heparin on in vitro stimulated 
platelet aggregation by elective percutaneous coronary 
intervention

Methods: Thirty elective percutaneous coronary 
angioplasty (PTCA) patients were included in the 
present study. The patients were administered heparin as 
anticoagulant agent during PTCA. Two blood samples were 
obtained during the intervention before and 10 minutes after 
heparin bolus and stimulated platelet aggregation responses 
were investigated.

Results: The difference in platelet aggregation response 

to adenosine diphosphate (ADP) before and after 
unfractionated heparin (UFH) was statistically significant 
(p<0.05). The differences in platelet aggregation responses 
to collagen, to epinephrine, and to ristocetin before and 
after UFH were not statistically significant (p>0.05). 

Conclusion: Heparin increases in vitro platelet 
aggregation stimulated with ADP in elective PTCA patients. 
This finding might explain the prothrombotic tendency of 
heparin, however further investigations are needed.
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The original research “The effect of heparin on in vitro stimulated platelet aggregation by elective percutaneous coronary intervention” 
has been accepted and has been presented as oral presentation both in the Cuban Congress of Cardiology has been held in June 2014 and 
in 10th International Congress of Update in Cardiology and Cardiovascular Surgery (Antalya, Turkey, March 13-26, 2014) and published 
in the Supplement to the American Journal of Cardiology as an abstract.
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Introduction
Heparin is widely used in cardiology practice both for 

treatment and prevention of thromboembolic diseases.
(1) Especially in acute coronary syndromes and coronary 
interventional procedures, unfractionated heparin 
(UFH) is the standard anticoagulant agent.(1) Although 
the number and the outcomes of percutaneous coronary 
interventions (PCI) have improved because of innovations 
in techniques, materials as stents and new antiaggregant 
agents over years, the clot formation in coronary arteries 
remains still as an important issue. However, some 
unfavorable effects of heparin are also known in addition 
to its anticoagulant properties.(2) There are many reports 
that heparin can modify platelet functions both in vitro 
and in vivo, bind extensively to platelets and its high doses 
(30-70U/mL) induce spontaneously platelet aggregation 
in vitro.(1,3-5) The anticoagulant effect of heparin is based 
on its activity to bind antithrombin-3 (AT-3) and compose 
a heparin-AT-3 complex.(6) Furthermore, heparin blocks 
the thrombin action on platelets but some other activities 
of platelets continue despite heparin. The heparin-AT-3 
complex formation protects platelets from aggregation.(2) 
Platelet reactivity can be measured by the platelet response 
to some agonists. 

There are several studies investigated the effect of 
UFH on platelet aggregation response using several 
methods to certain physiological agonists and reports are 
controversial.(1-3,5,7,8) The aim of the present study was to 
investigate the effect of UFH on in vitro stimulated platelet 
aggregation by using % aggregation test to certain agonists 
in elective PCI patients and the clinical significance of 
aggregation response to UFH. 

Materials and Methods

Study Population

The study included 30 patients older than 30 years with 
stable angina pectoris and documented ischemia (positive 
treadmill exercise test or positive myocardial perfusion 
scan for ischemia), who underwent coronary angiography 
and scheduled for elective PCI. Exclusion criteria were: 1) 

unstable state or acute coronary syndrome, 2) stable angina 
with an identified precipitating factor (e.g. severe anemia, 
heart failure, tachyarrhythmia, thyrotoxicosis, severe 
uncontrolled hypertension), 3) myocardial infarction or 
PCI in previous month or coronary bypass surgery in 2 
months, 4) treatment with UFH or low molecular weight 
heparin >24 hours of any cause before enrollment, 5) 
treatment with any other anti-platelet agent than aspirin 
(e.g. clopidogrel, ticlopidin, dipridamol), 6) refusal of 
patient. All patients are followed up for 30 days.

Blood Collection

Immediately after femoral arterial sheath replacement 
the first blood sample was taken from a peripheral vein to 
determine basal (before anticoagulant) platelet aggregation 
response. Heparin is given 100 U/kg (not exceeding 
maximum dose of 10000 units) intravenous bolus after 
the percutaneous coronary angioplasty-wire crossed the 
lesion. Dose adjustment was made to achieve 1.5-2.5 
times of basal activated clotting time. Ten minutes after 
the administration of heparin the second blood sample 
was taken also from a peripheral vein. After successful 
stent implantation, a loading dose of clopidogrel 600 mg 
was given to the patients in the catheter laboratory. 

In Vitro Platelet Aggregation Measurement

Immediately after blood collection, platelet aggregation 
measurements are made. All blood samples are studied 
into 2 hours after their collection. In vitro platelet 
functions were evaluated in the hematology laboratory 
with aggregometer. Stimuli were adenosine diphosphate 
(ADP), collagen, epinephrine and ristocetin. PAP-4CD 
Bio-Data was used for platelet aggregation.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional research committee and with the 
1964 Helsinki Declaration and its later amendments or 
comparable ethical standards.

The study was approved by the institutional review 
committee and informed consent was obtained from all 
individual participants included in the study.  
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Statistical Analysis

Continuous parametric and non-parametric data are 
presented as mean ± standard deviation. A student-paired 
t-test was applied to assess the differences between pre- 
and post-heparin platelet aggregation responses. The level 
of significance was set at p<0.05. The Statistical Package 
for Social Science (SPSS Inc., version 15.0 for Windows) 
was used for statistical analyses.

Results
Baseline clinical characteristics of study population 

and concomitant medications were described in Tables 1 
and 2. Thirty patients (male: n=21, 70% vs female: n=9, 
30%), included in the study. Mean age was 55.7±2.5 years. 
Eighteen patients (60%) were smoker. Only 6 patients (20%) 
had diabetes mellitus and none were on insulin treatment. 
Twenty patients (66.6%) had hypertension and were under 
treatment. Twenty-four patients (80%) were under statin 
treatment since their coronary angiography procedures. 

Study patients (100%) had been receiving aspirin 
100 mg per day more than 7 days before the procedure. 

All of patients have received a 600 mg loading dose of 
clopidogrel after successful stent implantation in the 
catheter laboratory as part of dual antiplatelet theraphy. 
Twenty-six patients (86.6%) were taking beta-blockers.  
Twenty patients (66.6%) were using nitrates. All of 
the hypertensive patients (n=20, 66.6%) were taking 
angiotensin-converting enzyme-inhibitors and all patients 
with a low-density lipoprotein level >70 mg/dL were 
taking statins.

Baseline platelet counts were within the normal limits in 
all patients. After the intravenous administration of UFH, 
platelet counts were remained unchanged (214±47x106 per 
1 mL before UFH and 210±34x106 per 1 mL after UFH). 
Not any major bleeding complications did occur. Only 5 
of patients had small hematoma on the femoral access site. 
In-hospital ischemic or infectious complications were not 
experienced.

Stimulated platelet aggregation responses before and 
after UFH were summarized in Table 3. Values were 
given as mean ± standard error of % aggregation. Platelet 
aggregation responses to ADP were 36.3±4.1 before 
UFH and 40.9±4.2 after UFH, and the difference was 
statistically significant (p=0.01). Platelet aggregation 
responses to collagen were 50.2±4.5 before UFH and 
48.5±4.3 after UFH; to epinephrine 33.7±3.5 before UFH 
and 34.1±3.9 after UFH; to ristocetin 76.2±2.4 before UFH 
and 70.1±4.0 after UFH, and all showed no statistically 
significant effect. 

Discussion
In recent years there have been lots of innovations in 

interventional cardiology such as new stents, new drugs 

Türkoğlu and Bitir Heparin’s Effect on Platelet Aggregation

Table 1. Baseline characteristics of the patients
Characteristic n (%)
Age (years) 55.7±2.5
Gender
Male 21 (70%)
Female 9 (30%)
Smoker 18 (60%)
Diabetes mellitus 6 (20%)
Hypertension 20 (66.6%)
Hyperlidemia 24 (80%)

Table 2. Concomitant medications of the study patients
Medication n (%)
ASA >7 days 30 (100%)
B-blocker 26 (86.6%)
Nitrate 18 (60%)
ACE-1 20 (66.6%)
Statin 24 (80%)
ACE: Angiotensin-converting enzyme

Table 3. Stimulated platelet aggregation responses
Stimuli Before UFH

(n=30)
After UFH
(n=30)

p value

ADP
Collagen
Epinephrine
Ristocetin

36.3±4.1
50.2±4.5
33.7±3.5
76.2±2.4

40.9±4.2
48.5±4.3
34.1±3.9
70.1±4.0

0.01
0.19
0.84
0.13

ADP: Adenosine diphosphate, UFH: Unfractionated heparin
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and new techniques, but clot formation in coronary arteries 
remains still as an important issue. More than 30 years the 
UFH has been the primary anticoagulant agent for PCI, but 
the optimal dosage and the monitoring of anticoagulation 
level (e.g. poor correlations between activated clotting 
time and activated partial thromboplastin time) remain 
controversial (1). Also, it may introduce some unpredictable 
anticoagulative response and platelet activation.(4,5) This 
present study showed that UFH significantly increases 
% platelet aggregation to ADP, however UFH does not 
affect the aggregation responses to other agonists such as 
collagen, epinephrine and ristocetin.   

In unstable patients such as acute coronary syndrome 
or myocardial infarction, once the platelet aggregation has 
been already initiated, the platelet aggregation responses 
to UFH may differ because of the activated aggregation 
and coagulation cascade. All unstable patients were 
excluded to avoid this kind of interactions. The aim of the 
present study was to investigate the aggregation response 
of stable patients to UFH via platelet functions beyond its 
anticoagulation activity. In the present study, no significant 
effect of UFH was observed on platelet aggregation 
responses stimulated with collagen, epinephrine and 
ristocetin, but UFH significantly increased platelet 
aggregation to ADP in elective PCI patients, which was 
consistent with some former study results.(1-3,5,7) Although 
a significant increase in platelet aggregation response to 
ADP was observed in the present study, none of the patients 
experienced any ischemic complications such as acute or 
subacute stent thrombosis or ischemic cerebrovascular 
complication neither in 72 hours nor in 30 days in follow 
up. This finding let us question the clinical meaning of 
this proaggregant effect shown in the laboratory tests, 
which may be related to our small number of patients.  

In vitro heparin has been reported to reduce, enhance 
or have no effect on platelet aggregation, depending on the 
type of aggregation tests and because of the heterogeneous 
mixture of heparin molecule.(1,3,5,8) The anticoagulant effect 
of heparin results from its ability to bind and activate 
AT-3.(3) Heparin blocks the effect of thrombin on platelets, 

but many other activities of platelets proceed despite 
heparin.(3,9) The interactions between heparin and platelets 
are complex and not completely understood. Heparin 
binds platelet surface and modifies responsiveness.(4-6,10,11) 
When UFH is administered intravenous rapidly it may 
reduce platelet counts and prolong bleeding times.(12,13) In 
vitro, high doses of heparin are likely to increase platelet 
aggregation and low doses are more have a tendency to 
reduce it,(7,13) which suggests properly heparin dosing is very 
important. The proaggregant response of UFH is detected 
with some physiological agonists. It is more consistently 
seen with low concentrations of ADP and less consistently 
with higher concentrations.(3,8,13) These findings suggest 
that the proaggregant effect of UFH is moderate and can 
be overcome with strong platelet stimulation.(13) These 
findings could also give an explanation why this effect 
was detected only at supratherapeutic concentrations of 
heparin in most studies that make the dosage monitoring 
a significant issue.

Heparin molecule has two types of binding sites.(3) One 
site binds either to AT-3 or to platelets but has a higher 
affinity for AT-3 and the second site binds preferentially to 
platelets.(3) The interaction between heparin and platelets 
is markedly increased on activated platelets.(9) Heparin 
inhibits all platelet activities induced by thrombin, including 
aggregation, when AT-3 is present.(7) The indirect effect of 
heparin to inhibit thrombin-induced platelet aggregation, 
require a cofactor, AT-3.(2) The heparin-AT-3 complex has 
limited effects on thrombin bound to fibrin,(14) so heparin 
may stimulate platelets within or in the region of the 
blood clot and paradoxically support local thrombogenic 
stimulation.(2) Circulating thrombin is inactivated by AT-
3, but fibrin bound thrombin is relatively inaccessible to 
inhibit by heparin-AT-3 complex. So platelet activation 
may become significant at the thrombus site especially 
in unstable patients, even weak systematically and 
counteracted by the anticoagulant effect.(2) Because 
unstable angina can be associated with elevated levels 
of platelet factor 4 and thromboglobulin,(15,16) increased 
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thromboxane A2 and thrombin generation,(17,18) only stable 
patients were enrolled.

Limitations

The limitations of the present study were small number 
of patients and lack of unstable patients. In acute coronary 
syndromes and unstable patients, especially by the site of 
thrombus, the proaggregant effect of heparin may be more 
critical, but further studies are needed. 

Conclusions
UFH may enhance platelet aggregation in elective PCI 

patients treated with acetylsalicylic acid only. With the 
knowledge of the stronger the platelet inhibition, the lower 
the incidence of ischemic complications,(19-22) choice of 
the anticoagulant agent or additional antiaggregant agents 
before PCI may be beneficial.
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