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Abstract
Aims: To investigate the effects of clopidogrel and eptifibatide on platelet reactivity in patients resuscitated 
from cardiac arrest undergoing percutaneous coronary intervention (PCI) and hypothermia.

Methods and results: VerifyNow® and Multiplate® aggregometry were used before, and 4, 12, 22 and 
48 hours after 600 mg clopidogrel treatment in 28 post-cardiac arrest hypothermic patients and in 14 normo-
thermic patients with acute coronary syndrome. Basal platelet reactivity after stimulation with iso-thrombin 
receptor-activating peptide (TRAP) and PAR4-activating peptide (BASE) was significantly lower in the post-
cardiac arrest group and persisted up to 48 hours. The antiplatelet effect of clopidogrel measured by VerifyNow 
and expressed as % inhibition was significantly lower in the post-cardiac arrest group. It was close to zero 
with an increase to only around 10% after 48 hours. Post-cardiac arrest patients receiving eptifibatide showed 
profound platelet inhibition measured by both VerifyNow IIb/IIIa and Multiplate TRAP tests for at least 
22 hours after administration.

Conclusions: Post-resuscitation syndrome with ongoing hypothermia is associated with decreased platelet 
reactivity. Clopidogrel loading does not significantly affect platelet function during the first 48 hours. This is 
in contrast with eptifibatide which produces profound platelet inhibition, and may be used to bridge insuffi-
cient inhibition by clopidogrel.
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Introduction
Since an acute coronary event is the main trigger of sudden cardiac 
arrest, an increasing number of resuscitated patients nowadays 
undergo immediate coronary angiography and percutaneous coro-
nary intervention (PCI)1,2. PCI and stenting are obviously associ-
ated with the need for antiplatelet treatment including acetylsalicylic 
acid, P2Y12 inhibitors and platelet glycoprotein (GP) IIb/IIIa 
inhibitors. In up to 20% of patients who regain consciousness after 
reestablishment of spontaneous circulation (ROSC), oral adminis-
tration of acetylsalicylic acid and P2Y12 inhibitors can be accom-
plished easily. Unfortunately, the majority of patients are comatose 
despite ROSC and therefore remain intubated and mechanically 
ventilated3. Moreover, hypothermia is induced and maintained 
between 32 and 34°C for up to 24 hours to reduce post-resuscitation 
brain injury4-6. While acetylsalicylic acid and GP IIb/IIIa inhibitors 
can be administered intravenously, P2Y12 inhibitors are currently 
available only as tablets. Administration of crushed and dissolved 
tablets via a nasogastric tube therefore remains the only option. We 
hypothesised that such administration, post-resuscitation syndrome 
and ongoing hypothermia may adversely affect P2Y12 absorption 
and metabolism, resulting in a delayed onset of action7. We also 
addressed the role of GP IIb/IIIa inhibitors in these settings.

Methods
This prospective study was conducted at the University Medical 
Centre Ljubljana from August 2011 to May 2013. The protocol was 
approved by the Slovenian National Ethics Committee (112/05/11). 
Informed consent in comatose survivors of cardiac arrest was 
obtained from the closest relatives. Informed consent in the control 
group of conscious normothermic patients with acute coronary syn-
drome (ACS) and without cardiac arrest was obtained before PCI.

The post-cardiac arrest group included consecutive comatose sur-
vivors of out-of-hospital cardiac arrest with suspected ACS who 
underwent immediate coronary angiography, PCI and hypothermia. 
Periprocedural antiplatelet treatment included an intravenous bolus 
of 250-500 mg acetylsalicylic acid (Aspegic®; Sanofi, Paris, France) 
and 600 mg of clopidogrel (Plavix®; Bristol-Myers Squibb, New 
York, NY, USA) crushed, dissolved in water and injected through 
a nasogastric tube. This was followed by a daily dose of 100 mg ace-
tylsalicylic acid and 75 mg of clopidogrel. Eptifibatide (Integrilin®: 
GlaxoSmithKline, Brentford, Middlesex, UK) was used at the discre-
tion of the interventional cardiologist and was administered as two 
intravenous boluses (180 µg/kg) within ten minutes, followed by 
a continuous infusion at a rate of 2 µg/kg/min for up to 12 hours. 
Periprocedural and intensive care treatment was performed as previ-
ously reported8,9. In short, the patients were cooled to between 32 and 
34°C for 24 hours. Core temperature was measured by a urine thermo 
catheter. Sedatives, analgesics and neuromuscular blocking agents 
were used during hypothermia to suppress shivering. After 24 hours 
of hypothermia, slow spontaneous rewarming was allowed.

The control group consisted of patients with ACS (STEMI or 
NSTEMI) without preceding cardiac arrest who underwent coro-
nary angiography and PCI under normothermia. They received the 

same periprocedural antiplatelet treatment except that they were 
already on acetylsalicylic acid (Aspirin®; Bayer Schering Pharma 
AG, Berlin, Germany) and clopidogrel tablets were normally swal-
lowed. Other procedures were in accordance with the international 
guidelines and our clinical routine10.

Exclusion criteria were thrombocytopaenia (<50×109/L), known 
allergic reaction to antiplatelet agents and known deficit in platelet 
function. Patients receiving any P2Y12 inhibitor before enrolment 
were also excluded.

Blood samples were collected on admission and 4, 12, 22 and 
48 hours after clopidogrel administration. Blood was collected in 
two vacuum tubes containing 0.11 M sodium citrate and one vac-
uum tube containing lithium heparin (Vacutube; Laboratorijska 
tehnika Burnik, Vodice, Slovenia). Platelet function was measured 
in whole blood by VerifyNow® (Accumetrics, San Diego, CA, 
USA), and by Multiplate® (Roche Diagnostics International Ltd, 
Rotkreuz, Switzerland).

The VerifyNow P2Y12 assay (Accumetrics) measured adenosine 
diphosphate (ADP)-induced agglutination of platelets to fibrino-
gen-coated beads. The presence of prostaglandin E1 makes the test 
specific for the P2Y12 receptor pathway. The measured change in 
light transmittance is reported as a “P2Y12 receptor blockade” and 
expressed as P2Y12 reaction units (PRU). In addition, the device 
calculates the percentage of P2Y12 inhibition, based on iso-TRAP 
and PAR4-activating peptide-induced platelet aggregation which 
provides “basal platelet reactivity” (BASE) also reported in PRU. 
BASE should be independent of P2Y12 receptor, although it may 
be slightly reduced under treatment by thienopyridines11. From 
“P2Y12 receptor blockade” and BASE, the % inhibition can be cal-
culated as (1–[P2Y12 receptor blockade/BASE]×100). The VerifyNow 
IIb/IIIa assay utilises iso-TRAP for maximal activation of platelets 
which agglutinate to fibrin-coated beads. The measured change in 
light transmittance is reported as platelet aggregation units (PAU). 
Temperature was automatically set to 37°C during VerifyNow assay. 
VerifyNow IIb/IIIa measurement was performed within 20 minutes 
and all other measurements within one hour from blood collection.

Platelet impedance aggregometry was measured with Multiplate. 
The effect of clopidogrel was assessed with the ADP test, in which 
platelet adhesion and aggregation was induced with ADP. The 
effect of eptifibatide was assessed with the TRAP test which meas-
ures platelet adhesion and aggregation induced with iso-TRAP. The 
increase of impedance by the attachment of platelets onto the sensor 
wires was transformed to arbitrary aggregation units (AU) and plot-
ted against time. The area under the aggregation curve was calcu-
lated and expressed as units (1 U corresponds to 10 AU*min). The 
temperature of the Multiplate device was set to be equal to the 
patient’s temperature in the hypothermic patients and to 37°C by 
default in the normothermic patients. All measurements were per-
formed within one hour from blood collection.

Coronary angiograms were examined and angiographic features 
were determined. Survival, neurological outcome in terms of the cer-
ebral performance category scale, and major adverse cardiac events 
including stent thrombosis were followed until hospital discharge12.
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Statistical analysis was performed by using the Statistica 8.0 
package (StatSoft Inc., Tulsa, OK, USA). Distribution of variables 
was tested by the Kolmogorov-Smirnov test. Normally distributed 
data are expressed as means and standard deviations, while skewed 
data are presented as medians with interquartile ranges. Differences 
between the groups were analysed by the χ2 test (categorical varia-
bles), Student’s t-test (continuous variables with normal distribu-
tion) or Mann-Whitney U test (continuous variables with skewed 
distribution). For comparison of numerical variables within the 
group, ANOVA repeated measurement was used. A p-value of 0.05 
or less was considered as statistically significant.

Results
Among 62 consecutive comatose survivors of out-of-hospital car-
diac arrest with suspected ACS undergoing immediate coronary 
angiography, PCI and hypothermia, 28 patients were included. 
Reasons for exclusion were logistic problems (n=16), P2Y12 inhib-
itor pretreatment (n=16), delay in administration of acetylsalicylic 
acid and clopidogrel after PCI (n=1), and death in the cathlab (n=1). 
The control group included 14 patients with ACS who did not 
receive any P2Y12 inhibitor pretreatment.

Except for younger age in the control group, there was no differ-
ence in terms of gender, risk factors for coronary artery disease, 
incidence of STEMI/NSTEMI and cardiac troponin concentrations 
(Table 1). Platelet count was 241±107×109/L in the post-cardiac 
arrest group and 202±33×109/L in the control group (p=0.20). Both 
groups were comparable in the extent of coronary artery disease, 
presence of acute culprit lesion and initial TIMI flow (Table 2). 
There was no difference in the utilisation of periprocedural eptifiba-
tide, stenting, angiographic success of PCI and stent thrombosis 
during the hospital stay. Survival to hospital discharge with good 
neurological outcome was 43% in the post-cardiac arrest group and 
86% in the control group (p=0.02).

Table 1. Patient characteristics. 

 
Post-arrest 

(n=28)
Control 
(n=14)

p

Men, n (%) 19 (68%) 7 (50%) ns

Age (years) 65±11 75±10 <0.01

Risk factors

Arterial hypertension, n (%) 12 (43%) 10 (71%) ns

Hyperlipidaemia, n (%) 5 (18%) 4 (29%) ns

Diabetes, n (%) 5 (18%) 3 (21%) ns

Known coronary artery disease, n (%) 4 (14%) 0 (0%) ns

Troponin I at admision (µg/L) 1.4 (0.2-4.3) 0.9 (0.2-12.2) ns

Troponin I max (µg/L) 36.9 (14.0-97.8) 40.2 (13.2-83.6) ns

STEMI, n (%) 19 (68%) 7 (50%) ns

NSTEMI, n (%) 9 (32%) 7 (50%) ns

CPC 1-2 at hospital discharge, n (%) 12 (43%) 12 (86%) 0.02

Age is shown as mean and standard deviation. Troponin levels are shown as median and 
interquartile range. CPC 1-2: cerebral performance category indicates good neurological 
outcome; ns: non-significant

Table 2. Angiographic and PCI features.

 
Post-arrest 

(n=28)
Control 
(n=14)

p

Extent of obstructive CAD, n (%)     ns

 1-vessel 12 (43%) 6 (43%)  

 2-vessel 10 (36%) 4 (29%)  

 3-vessel 6 (21%) 4 (29%)  

Presence of acute lesion, n (%)   ns

 One 21 (75%) 11 (79%)  

 Two 1 (4%) 1 (7%)  

 Not obvious 6 (21%) 2 (14%)  

TIMI 0-1 in culprit vessel, n (%) 13 (59%) 7 (58%) ns

Manual aspiration/POBA, n (%) 2 (7%) 0 (0%) ns

Stenting, n (%) 26 (93%) 14 (100%) ns

Number of stents 1.57±1,07 1.57±0,65 ns

Periprocedural eptifibatide, n (%) 5 (18%) 3 (21%) ns

PCI success, n (%) 27 (96%) 13 (93%) ns

Stent thrombosis, n (%) 2 (7%) 0 (0%) ns

CAD: coronary artery disease; POBA: plain old balloon angioplasty

Because cooling had been started before arrival at the cathlab, 
the core temperature in the post-cardiac arrest group on admission 
was 34.5±1.1°C. It further decreased to 33.0±0.9°C at four hours, to 
32.6±0.6°C at 12 hours, and to 33.0±0.5°C at 22 hours. Following 
slow rewarming, core temperature increased to 36.5±1.2°C 48 hours 
after clopidogrel administration. In the control group, tympanic 
temperature ranged between 36.0 and 37.0°C.

The post-cardiac arrest group had lower P2Y12 receptor block-
ade before clopidogrel, but its administration did not significantly 
reduce platelet reactivity in either group (Table 3). We observed 
significantly lower BASE in the post-cardiac arrest group, which 
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Figure 1. Basal platelet reactivity (BASE) measured by VerifyNow 
P2Y12 assay in post-cardiac arrest (red circles) and control group 
(white circles). Patients receiving eptifibatide are not included. 
Average values with standard deviations are shown. Lower values 
mean lower platelet reactivity. PRU: P2Y12 reaction units; *: p<0.01
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persisted for up to 48 hours (Table 3, Figure 1). The antiplatelet 
effect of clopidogrel measured by VerifyNow and expressed as % 
inhibition was significantly lower in the post-cardiac arrest group 
(Figure 2). It was close to zero with an increase to only around 10% 
after 48 hours. The impedance aggregometry with Multiplate 
showed a decrease in platelet reactivity after clopidogrel in both 
groups but no significant difference between the groups was 
detected (Table 3).

Table 3. VerifyNow P2Y12 receptor blockade, VerifyNow basal 
platelet reactivity (BASE) and Multiplate platelet impedance 
aggregometry post-cardiac arrest and control group.

Post-arrest 
(n=28)

Control 
(n=14)

p 

VerifyNow P2Y12 receptor blockade, PRU
 Before clopidogrel 240±60 312±37 <0.01

 After 4 hours 222±94 236±118 ns

 After 12 hours 231±95 271±62 ns

 After 22 hours 202±62 213±116 ns

 After 48 hours 202±60 266±86 ns

VerifyNow basal platelet reactivity (BASE), PRU
 Before clopidogrel 214±63 278±61 0.04

 After 4 hours 194±76 283±87 <0.01

 After 12 hours 201±77 304±65 <0.01

 After 22 hours 211±69 310±60*¶ <0.01

 After 48 hours 230±80 366±51*¶ <0.001

Platelet impedance aggregometry (Multiplate), U
 Before clopidogrel 54±23 56±24 ns

 After 4 hours 40±19* 33±20* ns

 After 12 hours 26±15*¶ 30±20* ns

 After 22 hours 21±13*¶ 23±14* ns

 After 48 hours 22±13*¶ 20±10* ns

Values are shown as mean±standard deviation; PRU: P2Y12 reaction unit; 
U: arbitrary unit; * p<0.05 versus measurement before clopidogrel; 
¶ p<0.05 versus measurement at 4 hours
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Figure 2. Platelet inhibition (% inhibition) measured by VerifyNow 
P2Y12 assay and calculated as [(1–(P2Y12 receptor blockade /
BASE))×100] in post-cardiac arrest (red circles) and control (white 
circles) groups. Patients receiving eptifibatide are not included. 
Interquartile ranges are shown. *: p<0.05.
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Figure 3. Platelet reactivity in post-cardiac arrest patients undergoing PCI with eptifibatide (red circles) or without eptifibatide (white circles). 
Measurements were performed with VerifyNow IIb/IIIa test (A) and Multiplate TRAP  test (B). Average values with standard deviations are 
shown. PAU: platelet aggregation unit; U: arbitrary unit; *: p<0.01

Post-cardiac arrest patients who received eptifibatide showed 
profound platelet inhibition measured both by VerifyNow IIb/IIIa 
and Multiplate TRAP test when compared to patients without epti-
fibatide (Figure 3).

Discussion
Our study demonstrated that post-resuscitation syndrome with 
ongoing hypothermia is associated with decreased basal plate-
let reactivity (BASE) according to VerfyNow. Decreased BASE 
may be related to unknown effects of severe global ischaemia 
during untreated cardiac arrest, low flow state during chest com-
pression and full reperfusion following ROSC. As such, our find-
ing may represent an important but yet unreported component of 
post-resuscitation syndrome. There is evidence from animal stud-
ies which supports our finding13. It is less likely that decreased 
BASE was due to a 3 to 5°C reduction in core temperature since 
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hypothermia may in fact stimulate platelet aggregation in vitro14 
and in healthy volunteers15 by increasing ADP levels16,17. This is in 
accordance with our observation showing already decreased basal 
platelet reactivity on admission when hypothermia was only in 
the beginning phase and core temperature was still very close to 
normothermia.

Clopidogrel loading via nasogastric tube, on the other hand, did 
not significantly affect platelet function, at least during the first 
48 hours according to VerifyNow P2Y12 % inhibition. This may be 
explained by a decrease in gastrointestinal motility and absorption 
associated with post-resuscitation syndrome, ongoing hypother-
mia18-20 and concomitant administration of opioids, sedatives and 
neuromuscular blocking agents21,22. In this context, it is important to 
emphasise that clopidogrel is a prodrug requiring liver metabolism 
which is likely to be slower due to decreased core temperature23,24. 
The virtually absent antiplatelet effect of clopidogrel demonstrated 
by us is in accordance with two previous preliminary studies also 
performed in the setting of cardiac arrest and cardiopulmonary 
resuscitation25,26. Moreover, there is growing evidence that clopi-
dogrel does not offer early and effective antithrombotic protection 
even in normothermic patients with acute coronary syndrome with-
out cardiac arrest27. It therefore appears that, in critical conditions, 
clopidogrel pharmacokinetics may be significantly different from 
those in healthy volunteers28,29. This is, at least in part, true also for 
the new, more potent P2Y12 inhibitors such as prasugrel, which has 
a less complex and more predictive metabolism, and ticagrelor, 
which does not need any metabolic activation. With both agents, the 
onset of relevant antiplatelet effect was delayed for several hours in 
the setting of STEMI without cardiac arrest30. There is very recent 
evidence in post-cardiac arrest patients undergoing hypothermia 
that prasugrel and ticagrelor may be more effective than clopidogrel 
but cannot fully prevent platelet non-responsiveness31.

In contrast to P2Y12 blockers, eptifibatide profoundly inhibited 
platelet function in post-cardiac arrest patients as measured both by 
VerifyNow IIb/IIIa assay and Multiplate TRAP test. This is consist-
ent with in vitro studies demonstrating that eptifibatide prevented 
hypothermia-mediated platelet aggregation32. Eptifibatide has an 
immediate effect after bolus injection, which largely disappears six 
hours after the discontinuation of the infusion. Our results, showing 
profound platelet inhibition for at least 22 hours, are consistent with 
these pharmacokinetic findings. Accordingly, suboptimal platelet 
inhibition during and after PCI may be bridged by a GP IIb/IIIa 
inhibitor which is practically important in case of very high throm-
botic burden associated with complex PCI and stenting. However, 
such profound platelet inhibition should be weighed against an 
increased risk of bleeding due to possible traumatic injury related to 
chest compression and endotracheal intubation.

Limitations
Our study has some methodological limitations related particu-
larly to platelet reactivity measurements after clopidogrel. We 
selected VerifyNow P2Y12 % inhibition because it is clinically 
relevant by being inversely related to stent thrombosis33. However, 

results of the % inhibition were discordant from platelet imped-
ance aggregometry measurements by less extensively validated 
Multiplate assay34,35. Multiplate showed gradual decrease in 
platelet reactivity in each group without any difference between 
the groups. The explanation for this discordance is not known. 
However, both methods are not directly comparable. While 
VerifyNow uses optic aggregometry which detects change in light 
transmission caused by platelet aggregation, Multiplate requires 
platelets to adhere to electrodes, thereby measuring aggregation 
and adhesion as a change in impedance. VerifyNow seems to be 
more sensitive in detecting non-responders to clopidogrel36. On 
the other hand, VerifyNow may be influenced by cytochrome vari-
ants leading to decreased clopidogrel-mediated platelet inhibi-
tion which is not the case for Multiplate. It is also important to 
note that in our study temperature was automatically set to 37°C 
for VerifyNow but was adjusted to the actual patient temperature 
being 3 and 5°C lower in the hypothermia group for Multiplate. 
Last but not least, since platelet reactivity in our small study could 
not have shown a correlation to clinical events such as stent throm-
bosis, the practical importance of these measurements remains 
uncertain. In vitro measurements of platelet function represent 
only one component of prothrombotic potential which is likely to 
be affected by other factors such as changes in endothelium func-
tion and coagulation cascade37. This interplay of factors is prob-
ably even more complex during the post-resuscitation state with 
ongoing hypothermia than in elective PCI where P2Y12 treatment 
guided by VerifyNow did not improve the outcome38,39.

Conclusion
Post-resuscitation syndrome with ongoing hypothermia is associ-
ated with decreased platelet activity. Clopidogrel loading does not 
significantly affect platelet function during the first 48 hours. This 
is in contrast with eptifibatide which produces profound platelet 
inhibition and may be used to bridge insufficient inhibition by 
clopidogrel.

Impact on daily practice
If significant periprocedural platelet inhibition in comatose sur-
vivors of cardiac arrest in case of complex PCI is needed, GP IIb/
IIIa inhibitors should be used to bridge insufficient effects of 
oral P2Y12 inhibitors. However, such profound platelet inhibi-
tion should be weighed against increased risk of bleeding due to 
possible traumatic injury related to chest compression and 
endotracheal intubation.

Acknowledgements
We would like to thank the nurses, laboratory technicians and phy-
sicians who assisted in this study.

Funding
This research was funded by the University Medical Centre of 
Ljubljana, Tertiary Research Project Grant No. 20110171.



1423

Platelet reactivity after cardiac arrest
EuroIntervention 2

0
1

5
;10

:1418
-14

24

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Zanuttini D, Armellini I, Nucifora G, Carchietti E, Trillò G, 
Spedicato L, Bernardi G, Proclemer A. Impact of emergency coro-
nary angiography on in-hospital outcome of unconscious survivors 
after out-of-hospital cardiac arrest. Am J Cardiol. 2012;110:1723-8.
 2. Dumas F, White L, Stubbs BA, Cariou A, Rea TD. Long-term 
prognosis following resuscitation from out of hospital cardiac 
arrest: role of percutaneous coronary intervention and therapeutic 
hypothermia. J Am Coll Cardiol. 2012;60:21-7.
 3. Gorjup V, Radsel P, Kocjancic ST, Erzen D, Noc M. Acute 
ST-elevation myocardial infarction after successful cardiopulmo-
nary resuscitation. Resuscitation. 2007;72:379-85.
 4. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, 
Gutteridge G, Smith K. Treatment of comatose survivors of out-of-
hospital cardiac arrest with induced hypothermia. N Engl J Med. 
2002;346:557-63.
 5. Hypothermia after Cardiac Arrest Study Group. Mild thera-
peutic hypothermia to improve the neurologic outcome after car-
diac arrest. N Engl J Med. 2002;346:549-56.
 6. Arrich J, Holzer M, Havel C, Müllner M, Herkner H. 
Hypothermia for neuroprotection in adults after cardiopulmonary 
resuscitation. Cochrane Database Syst Rev. 2012;9:CD004128.
 7. Nolan JP, Neumar RW, Adrie C, Aibiki M, Berg RA, 
 Böttiger BW, Callaway C, Clark RS, Geocadin RG, Jauch EC, 
Kern KB, Laurent I, Longstreth WT, Merchant RM, Morley P, 
Morrison LJ, Nadkarni V, Peberdy MA, Rivers EP, Rodriguez-
Nunez A, Sellke FW, Spaulding C, Sunde K, Hoek TV. Post-cardiac 
arrest syndrome: epidemiology, pathophysiology, treatment, and 
prognostication. A Scientific Statement from the International 
Liaison Committee on Resuscitation; the American Heart 
Association Emergency Cardiovascular Care Committee; the 
Council on Cardiovascular Surgery and Anesthesia; the Council on 
Cardiopulmonary, Perioperative, and Critical Care; the Council on 
Clinical Cardiology; the Council on Stroke. Resuscitation. 2008;79: 
350-79.
 8. Knafelj R, Radsel P, Ploj T, Noc M. Primary percutaneous 
coronary intervention and mild induced hypothermia in comatose 
survivors of ventricular fibrillation with ST-elevation acute myo-
cardial infarction. Resuscitation. 2007;74:227-34.
 9. Radsel P, Knafelj R, Kocjancic S, Noc M. Angiographic char-
acteristics of coronary disease and postresuscitation electrocardio-
grams in patients with aborted cardiac arrest outside a hospital. Am 
J Cardiol. 2011;108:634-8.
 10. Tadel-Kocjancic S, Zorman S, Jazbec A, Gorjup V, Zorman D, 
Noc M. Effectiveness of primary percutaneous coronary interven-
tion for acute ST-elevation myocardial infarction from a 5-year 
single-center experience. Am J Cardiol. 2008;101:162-8.
 11. Varenhorst C, James S, Erlinge D, Braun OO, Brandt JT, 
Winters KJ, Jakubowski JA, Olofsson S, Wallentin L, Siegbahn A. 
Assessment of P2Y(12) inhibition with the point-of-care device 

VerifyNow P2Y12 in patients treated with prasugrel or clopidogrel 
coadministered with aspirin. Am Heart J. 2009;157:562.e1-9.
 12. A randomized clinical trial of calcium entry blocker adminis-
tration to comatose survivors of cardiac arrest. Design, methods, 
and patient characteristics. The Brain Resuscitation Clinical Trial II 
Study Group. Control Clin Trials. 1991;12:525-45.
 13. White NJ, Leong BS, Brueckner J, Martin EJ, Brophy DF, 
Peberdy MA, Ornato J, Ward KR. Coagulopathy during cardiac 
arrest and resuscitation in a swine model of electrically induced 
ventricular fibrillation. Resuscitation. 2011;82:925-31.
 14. Scharbert G, Kalb ML, Essmeister R, Kozek-Langenecker SA. 
Mild and moderate hypothermia increases platelet aggregation 
induced by various agonists: a whole blood in vitro study. Platelets. 
2010;21:44-8.
 15. Högberg C, Erlinge D, Braun OO. Mild hypothermia does not 
attenuate platelet aggregation and may even increase ADP-
stimulated platelet aggregation after clopidogrel treatment. 
Thromb J. 2009;7:2.
 16. Straub A, Krajewski S, Hohmann JD, Westein E, Jia F, 
Bassler N, Selan C, Kurz J, Wendel HP, Dezfouli S, Yuan Y, 
Nandurkar H, Jackson S, Hickey MJ, Peter K. Evidence of platelet 
activation at medically used hypothermia and mechanistic data 
indicating ADP as a key mediator and therapeutic target. 
Arterioscler Thromb Vasc Biol. 2011;31:1607-16.
 17. Krajewski S, Kurz J, Geisler T, Peter K, Wendel HP, Straub A. 
Combined blockade of ADP receptors and PI3-kinase p110ß fully 
prevents platelet and leukocyte activation during hypothermic 
extracorporeal circulation. PLoS One. 2012;7:e38455.
 18. Stavchansky S, Tung IL. Effects of hypothermia on drug 
absorption. Pharm Res. 1987;4:248-50.
 19. Ceppa EP, Fuh KC, Bulkley GB. Mesenteric hemodynamic 
response to circulatory shock. Curr Opin Crit Care. 2003;9: 
127-32.
 20. Booker PD, Prosser DP, Franks R. Effect of hypothermia on 
rectal mucosal perfusion in infants undergoing cardiopulmonary 
bypass. Br J Anaesth. 1996;77:591-6.
 21. Polderman KH. Mechanisms of action, physiological effects, 
and complications of hypothermia. Crit Care Med. 2009;37: 
S186-202.
 22. Nguyen NQ, Chapman MJ, Fraser RJ, Bryant LK, Burgstad C, 
Ching K, Bellon M, Holloway RH. The effects of sedation on gas-
tric emptying and intra-gastric meal distribution in critical illness. 
Intensive Care Med. 2008;34:454-60.
 23. Siller-Matula JM, Haberl K, Prillinger K, Panzer S, Lang I, 
Jilma B. The effect of antiplatelet drugs clopidogrel and aspirin is 
less immediately after stent implantation. Thromb Res. 2009;123: 
874-80.
 24. Roden DM, Stein CM. Clopidogrel and the concept of high-
risk pharmacokinetics. Circulation. 2009;119:2127-30.
 25. Bjelland TW, Hjertner Ø, Klepstad P, Kaisen K, Dale O, 
Haugen BO. Antiplatelet effect of clopidogrel is reduced in patients 
treated with therapeutic hypothermia after cardiac arrest. 
Resuscitation. 2010;81:1627-31.



1424

EuroIntervention 2
0

1
5

;10
:1418

-14
24

 26. Soucková L, Opatrilová R, Suk P, Cundrle I, Pavlík M, 
Zvonícek V, Hlinomaz O, Srámek V. Impaired bioavailability and 
antiplatelet effect of high-dose clopidogrel in patients after cardio-
pulmonary resuscitation (CPR). Eur J Clin Pharmacol. 2013;69: 
309-17.
 27. Funck-Jensen KL, Dalsgaard J, Grove EL, Hvas AM, 
Kristensen SD. Increased platelet aggregation and turnover in the 
acute phase of ST-elevation myocardial infarction. Platelets. 
2013;24:528-37.
 28. CURRENT-OASIS 7 Investigators, Mehta SR, Bassand JP, 
Chrolavicius S, Diaz R, Eikelboom JW, Fox KA, Granger CB, 
Jolly S, Joyner CD, Rupprecht HJ, Widimsky P, Afzal R, Pogue J, 
Yusuf S. Dose comparisons of clopidogrel and aspirin in acute cor-
onary syndromes. N Engl J Med. 2010;363:930-42.
 29. Mehta SR, Tanguay JF, Eikelboom JW, Jolly SS, Joyner CD, 
Granger CB, Faxon DP, Rupprecht HJ, Budaj A, Avezum A, 
Widimsky P, Steg PG, Bassand JP, Montalescot G, Macaya C, Di 
Pasquale G, Niemela K, Ajani AE, White HD, Chrolavicius S, 
Gao P, Fox KA, Yusuf S; CURRENT-OASIS 7 trial investigators. 
Double-dose versus standard-dose clopidogrel and high-dose ver-
sus low-dose aspirin in individuals undergoing percutaneous coro-
nary intervention for acute coronary syndromes (CURRENT-OASIS 
7): a randomised factorial trial. Lancet. 2010;376:1233-43.
 30. Alexopoulos D, Xanthopoulou I, Gkizas V, Kassimis G, 
Theodoropoulos KC, Makris G, Koutsogiannis N, Damelou A, 
Tsigkas G, Davlouros P, Hahalis G. Randomized assessment of 
ticagrelor versus prasugrel antiplatelet effects in patients with 
ST-segment-elevation myocardial infarction. Circ Cardiovasc 
Interv. 2012;5:797-804.
 31. Ibrahim K, Christoph M, Schmeinck S, Schmieder K, 
Steiding K, Pfluecke C, Quick S, Mues C, Jellinghaus S, Wunderlich C, 
Strasser RH, Kolschmann S. High rates of prasugrel and ticagrelor 
non-responder in patients treated with therapeutic hypothermia 
after cardiac arrest. Resuscitation. 2014;85:649-56.
 32. Straub A, Azevedo R, Beierlein W, Wendel HP, Scheule AM, 
Ziemer G. Hypothermia-induced platelet aggregation: no effect of 
aprotinin (trasylol) but inhibition by eptifibatide (integrilin). Thorac 
Cardiovasc Surg. 2005;53:80-4.

 33. Stone GW, Witzenbichler B, Weisz G, Rinaldi MJ, 
Neumann FJ, Metzger DC, Henry TD, Cox DA, Duffy PL, 
Mazzaferri E, Gurbel PA, Xu K, Parise H, Kirtane AJ, Brodie BR, 
Mehran R, Stuckey TD; ADAPT-DES Investigators. Platelet reac-
tivity and clinical outcomes after coronary artery implantation of 
drug-eluting stents (ADAPT-DES): a prospective multicentre reg-
istry study. Lancet. 2013;382:614-23.
 34. Sibbing D, Steinhubl SR, Schulz S, Schömig A, Kastrati A. 
Platelet aggregation and its association with stent thrombosis and 
bleeding in clopidogrel-treated patients: initial evidence of a thera-
peutic window. J Am Coll Cardiol. 2010;56:317-8.
 35. Sibbing D, Braun S, Morath T, Mehilli J, Vogt W, Schömig A, 
Kastrati A, von Beckerath N. Platelet reactivity after clopidogrel 
treatment assessed with point-of-care analysis and early drug-elut-
ing stent thrombosis. J Am Coll Cardiol. 2009;53:849-56.
 36. Aradi D, Komócsi A, Price MJ, Cuisset T, Ari H, 
Hazarbasanov D, Trenk D, Sibbing D, Valgimigli M, Bonello L; 
Tailored Antiplatelet Treatment Study Collaboration. Efficacy and 
safety of intensified antiplatelet therapy on the basis of platelet reac-
tivity testing in patients after percutaneous coronary intervention: 
systematic review and meta-analysis. Int J Cardiol. 2013;167:2140-8.
 37. Cosemans JM, Angelillo-Scherrer A, Mattheij NJ, 
Heemskerk JW. The effects of arterial flow on platelet activation, 
thrombus growth, and stabilization. Cardiovasc Res. 2013;99:342-52.
 38. Price MJ, Berger PB, Teirstein PS, Tanguay JF, Angiolillo DJ, 
Spriggs D, Puri S, Robbins M, Garratt KN, Bertrand OF, 
Stillabower ME, Aragon JR, Kandzari DE, Stinis CT, Lee MS, 
Manoukian SV, Cannon CP, Schork NJ, Topol EJ; GRAVITAS 
Investigators. Standard- vs high-dose clopidogrel based on platelet 
function testing after percutaneous coronary intervention: the 
GRAVITAS randomized trial. JAMA. 2011;305:1097-105.
 39. Collet JP, Cuisset T, Rangé G, Cayla G, Elhadad S, Pouillot C, 
Henry P, Motreff P, Carrié D, Boueri Z, Belle L, Van Belle E, 
Rousseau H, Aubry P, Monségu J, Sabouret P, O’Connor SA, 
Abtan J, Kerneis M, Saint-Etienne C, Barthélémy O, Beygui F, 
Silvain J, Vicaut E, Montalescot G; ARCTIC Investigators. Bedside 
monitoring to adjust antiplatelet therapy for coronary stenting. 
N Engl J Med. 2012;367:2100-9.


