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Summary
While prasugrel is indicated for the treatment of myocardial infarc-
tion, its effects in the most severely affected patients requiring inten-
sive care is unknown, so that we measured the antiplatelet effects and 
sparse pharmacokinetics of prasugrel in critically ill patients. Twenty-
three patients admitted to medical intensive care units, who were 
treated with 10 mg prasugrel once daily, were included in this pros-
pective trial. Critically ill patients responded poorly to daily prasugrel 
treatment: adenosine diphosphate (ADP)-induced aggregation in 
whole blood classified 65 % (95 % confidence intervals (CI) 43–84 %) 
of patients as having high on treatment platelet reactivity, platelet 
function under high shear rates even 74 % (95 %CI 52–90 %). There 
was only limited additional inhibition provided 2 hours after the next 
dose of prasugrel. In contrast, insufficient inhibition of the target was 
only seen in 26 % (95 %CI 10–48 %) of patients as measured by the 

vasodilator-stimulated phosphoprotein phosphorylation (VASP-P) 
assay. Low effective plasma levels of prasugrel active metabolite were 
measured at trough [0.5 (quartiles 0.5–1.1) ng/ml at baseline], and 2 
hours after intake [5.7 (3.8–9.8) ng/ml], but showed coefficients of 
variation of ~70 %. In sum, inhibition of platelet aggregation by prasu-
grel is not uniform but highly variable in critically ill patients, similar to 
clopidogrel in a general population. The pharmacokinetic measure-
ments indicate that poor absorption/metabolism of prasugrel may 
partly contribute while inflammation induced heightened intrinsic pla-
telet reactivity may also play a role.
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Cellular Haemostasis and Platelets

Introduction

Critical illness is defined as any clinical condition that requires 
vital organ support in order to avoid imminent death (1). While 
some patients recover quickly, a substantial number of patients de-
velop multiple organ failure with a mortality of up to 50 % (1, 2). 
Frequently, systemic inflammatory responses due to infectious or 
non-infectious stimuli are either the cause for or complication of 
intensive care treatment (3).

Prasugrel is a potent irreversible inhibitor of the P2Y12 ADP-
receptor on platelets, which requires metabolic activation (4, 5). 
Treatment is usually initiated with a 60 mg loading dose to achieve 
quick and sufficient platelet inhibition, which is followed by a daily 
maintenance dose of 10 mg (5, 6). Insufficient platelet inhibition 
despite antiplatelet therapy is termed high “on-treatment” platelet 
reactivity (HTPR) (4). Although prasugrel is thought to be more 

potent than clopidogrel, studies reported HTPR rates of up to 25 % 
as measured by the vasodilator-stimulated phosphoprotein phos-
phorylation (VASP-P) assays (4, 7).

Only limited data is available on the antiplatelet effects of pra-
sugrel in critically ill patients. Two studies reported high HTPR 
rates for patients with acute myocardial infarction, who under-
went successful cardiopulmonal resuscitation and therapeutic hy-
pothermia after cardiac arrest, in spite of receiving a 60 mg loading 
dose of prasugrel (8, 9). However, the number of patients with 
HTPR decreased over time and after 72 hours (h) all patients were 
found to respond, which may indicate slow and prolonged absorp-
tion of prasugrel in these patients (9). Of note, platelet reactivity in 
these two studies was assessed by a single assay: the vasodilator 
stimulated phosphoprotein phosphorylation assay (VASP-P). 
Noteworthy, HTPR rates vary significantly between various avail-
able platelet function assays (7).
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No data is available on the absorption, drug concentrations or 
metabolisation of prasugrel in patients requiring intensive care 
treatment. Yet, the pharmacological properties of drugs are signifi-
cantly altered in critically ill patients due to altered drug absorp-
tion, organ dysfunction, altered cytochrome and P-glycoprotein 
activity, increased volume of distribution and, drug interactions 
(10). This may be of importance for treatment with prasugrel, as 
lower doses were associated with higher HTPR rates in patients 
with coronary artery disease (11), opiates such as morphine de-
creased the maximum concentration of the active metabolite by 
approximately 30 % even in healthy volunteers receiving 60 mg 
prasugrel (12), and grapefruit juice, an inhibitor of cytochrome 
enzyme activity, reduced the formation of active metabolite by 
50 % in healthy volunteers (13).

Thus, the aim of this trial was to investigate the anti-platelet ef-
fects of prasugrel, by means of ADP-induced whole blood aggrego-
metry, VASP-P assay and platelet function under high shear rates, 
and sparse pharmacokinetics in critically ill patients with estab-
lished prasugrel therapy.

Materials and methods

The Ethics Committee of the Medical University of Vienna and the 
National Competent authority approved the study, which com-
plied with the principles set forth in the Good Clinical Practice 
guideline and the Declaration of Helsinki. The trial was registered 
in publicly available databases (EudraCT-nr. 2012–002226–76 and 
www.clinicaltrials.gov: NCT02285751).

All conscious patients gave their informed consent before in-
clusion in the trial. However, because not all critically ill patients 
were able to give their informed consent before inclusion in the 
study, the Ethics Committee waived informed consent in these pa-
tients.

Study design

Patients >18 years of age, admitted to an intensive care unit (ICU) 
with prior prasugrel treatment (10 mg prasugrel tablets, Daiichi 
Sankyo, Tokyo, Japan) were included in the trial. Exclusion criteria 
included allergies or hypersensitivities to the trial drugs, active 
bleeding, known coagulation disorders or intake of other antipla-
telet drugs except for aspirin.

Blood samples were drawn before patients received the daily 
dose of 10 mg prasugrel, orally or via a nasogastric tube (crushed 
and/or dissolved in 0.9 % sodium chloride solution), 2 h and 24 h 
thereafter.

Platelet function assays

Whole blood aggregation (primary endpoint) was determined 
using the Multiple Electrode Aggregometry (MEA) on the Multi-
plate Analyzer (Dynabyte Medical) as previously described (in de-
tail: see Suppl. Material, available online at www.thrombosis-on
line.com). To define HTPR we chose the recommended cut-off of 

>46 U (arbitrary units) for our study (14). As an external control 
group, we compared our data to data from stable patients with 
acute myocardial infarction treated with prasugrel, which were in-
cluded in a trial run at the same time by us. The vasodilator-stimu-
lated phosphoprotein phosphorylation (VASP-P) assay was 
measured by an enzyme linked immune assay (see also Suppl. Ma-
terial, available online at www.thrombosis-online.com) (12). Pla-
telet reactivity is expressed as the platelet reactivity index (PRI). A 
PRI cut-off of 42 % was chosen for HTPR because it predicted 
ischemic events most sensitively (14). The collagen ADP closure 
time (CADP-CT) was measured with the platelet function ana-
lyzer (Dade Behring, Marburg, Germany) under high shear rates 
(see Suppl. Material, available online at www.thrombosis-online.
com) (12, 14). The cut-off was defined as 105 seconds based on 
previous trials (14).

Pharmacokinetics

Blood samples were drawn into EDTA-anticoagulated blood tubes 
(Vacuette, Greiner Bio-one, Kremsmünster, Austria) and plasma 
was harvested after centrifugation at 2000g for 10 minutes (min) at 
4 °C, and aliquots (500 µl) stored at –80 °C. Plasma concentrations 
of prasugrel active metabolite were assessed as described pre-
viously (12) (see Suppl. Material, available online at www.thrombo
sis-online.com).

Disease scores

The Sequential Organ Failure Assessment (SOFA) score (15) and 
the simplified acute physiology score (SAPS) III were calculated 
on trial day 1 (16).

Statistical analysis

Initially we planned to include a minimum of 16 patients to ident-
ify five patients with HTPR according to aggregometry, which 
then could be switched to ticagrelor treatment. We based our 
sample size calculation on a previous trial reporting that 30 % of 
patients taking 5 mg prasugrel responded poorly (11). Although 
we identified many non-responders, we were not able to switch 
five patients to ticagrelor, because physicians were reluctant to do 
so. Thus, we terminated recruitment early into the trial.

Baseline characteristics, demographics, results of platelet func-
tion tests and pharmacokinetics are presented by descriptive stat-
istics (medians ± quartiles, unless otherwise stated). Spearman 
correlations were calculated. Commercially available statistical 
software was used (IBM, SPSS 22, Microsoft Excel 2010).

Results

Twenty-three (19 male, 4 female) critically ill patients participated 
in this trial. Baseline data and demographics are presented in 
▶ Table 1. Twenty patients underwent successful cardiopulmon-
ary resuscitation, of which 19 patients were treated with thera-
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peutic hypothermia, and three patients suffered from cardiogenic 
shock after acute myocardial infarction. Patients received the pra-
sugrel loading dose a median 4.5 (3–13) days before inclusion in 
the trial. Three patients died in the course of the ICU treatment 
(28-day mortality: 3 of 23, 13 %).

Platelet function

Whole blood aggregometry showed that 15 of 23 patients (65 %, 
95 % confidence intervals (CI) 43–84 %)) responded poorly to 
daily prasugrel treatment (▶ Figure 1). ADP-induced platelet ag-
gregation was 65 AU (interquartile range [IQR] 33–70) at baseline, 
and decreased insignificantly to 55 AU (IQR 32–66) 2h after intake 
of 10 mg prasugrel and 56 AU (IQR 32–66) after 24 h. ADP-in-
duced platelet aggregometry was significantly higher in critically 
ill patients compared to stable patients with acute myocardial in-
farction, who were included a median 4 (IQR 3–5) days after load-
ing dose (p<0.001). MEA results correlated well with platelet func-
tion under high shear rates (r=0.67, p=0.001), platelet counts 
(r=0.66, p=0.001), D-dimer (r=0.71, p=0.001) and notably with 
the time elapsed after the loading dose (r=0.70, p<0.001, ▶ Figure 
1) in critically ill coronary artery disease patients.

According to the VASP assay six patients (26 %) had a 
PRI>42 % (▶ Figure 1). The median PRI was 25 % (IQR 16–36 %). 
Intake of 10 mg prasugrel did not significantly reduce the PRI after 
2 h. The overall coefficient of variation was 53 %. A high PRI cor-
related with C-reactive protein (r=0.53, p=0.011), and with a low 
haemoglobin level (r=-0.62, p=0.002).

Seventeen patients (74 %) had a CADP-CT<106 seconds and 
therefore HTPR. A short CADP-CT correlated with high fibri-
nogen (r=-0.49, p=0.02), D-dimer (r=-0.58, p=0.01) and time after 
the loading dose (▶ Figure 3, r=-0.55, p=0.01). Noteworthy, the 
time after the loading dose, which also reflects the time spent in 
the ICU, also correlated with platelet counts (r=0.47, p=0.02).
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Table 1: Baseline data and Demographics of 23 critically ill patients 
are presented. Medians ± IQR, or absolute numbers are presented.

Parameter

Gender m (f)

Age [years]

Height [cm]

Weight [kg]

SAPS 3 score

SOFA Score

C-reactive protein [mg/dl]

Platelet count [*109/l]

Haemoglobin [g/dl]

Catecholamine treatment (%)

Mechanical Ventilation (%)

Medians (IQR)

19 (4)

52 (47–57)

180 (172–185)

85 (80–100)

63.5 (50–71)

6.5 (4–10)

12.8 (8.9–16.4)

245 (124–288)

10.8 (9.3–11.9)

8/23 (35%)

16/23 (70%)

Figure 1: Platelet function tests. ADP-induced whole blood aggrego-
metry (upper panel), platelet reactivity index (middle panel), and closure 
times of platelet function under high shear rates (PFA-100, ADP/collagen 
coated cartridges) (lower panel) at baseline, 2 and 24 h after intake of 10 
mg prasugrel. Presented are individual values and medians ± quartiles 
(n=23). For whole blood aggregometry data from stable patients with acute 
myocardial infarction (AMI) are presented (right column, n=35, unpublished 
data).
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Figure 2: Plasma concentrations of prasugrel active metabolite at 
baseline, 2 h and 24 h after intake of 10 mg prasugrel. Presented are 
medians ± quartiles.

Figure 3: Correlations of ADP-induced whole blood aggregometry 
and time after loading dose (in days) (left upper panel); Prasugrel 
active metabolite and time after loading dose (right upper panel); 
Platelet reactivity index and haemoglobin level (left lower panel); 

Prasugrel active metabolite and C-reactive protein levels (right 
lower panel). Presented are individual values and results of non-parametric 
Spearman correlations.

We performed the following exploratory post-hoc subgroup 
analyses, for which the trial was not powered: 
• Four patients received unfractionated heparin, whereas 19 pa-

tients were treated with low-molecular-weight heparin. Al-
though not significant, there was a trend to higher platelet reac-
tivity with regards to the PRI%, the CADP-CT and ADP-in-
duced whole blood aggregometry in patients treated with un-
fractionated heparin (Suppl. Table 1, available online at www.
thrombosis-online.com).

• Patients treated with high doses of catecholamines (>0.15mcg/
kg/min, n=4) had lower ADP-induced platelet aggregation 
compared to patients who received low doses of catecholamines 
(<0.15 µg/kg/min, n=4) or patients who did not receive such 
treatment (Suppl. Table 2, available online at www.thrombosis-
online.com). These results may be explained by the lower pla-
telet counts in these patients. The PRI% remained similar be-
tween groups (Suppl. Table 2, available online at www.thrombo
sis-online.com).
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• Opiate treatment was associated with lower plasma concen-
trations of the prasugrel active metabolite, but platelet reactivity 
remained largely unaffected, except for a numerically higher 
PRI% in the opiate group (Suppl. Table 3, available online at 
www.thrombosis-online.com).

Pharmacokinetics

Plasma concentrations of the prasugrel active metabolite were 0.5 
(IQR 0.5–1.1) ng/ml at baseline before intake of the next daily dose 
of 10 mg prasugrel, 5.7 (IQR 3.8–9.8) ng/ml 2 h after intake and, 
0.5 (IQR 0.5–0.9) ng/ml before the next consecutive dose at 24 h 
(▶ Figure 2). The coefficient of variation of the plasma concen-
tration was 78 % at baseline and 75–58 % at 2–24 h after intake. In-
terestingly, baseline levels of prasugrel active metabolite where 
higher shortly after the loading dose (r=-0.77, p<0.001). High lev-
els of C-reactive protein (r=-0.51, p=0.02) were inversely associ-
ated with lower peak concentrations of prasugrel.

Discussion

In our population of critically ill patients 65 %, 74 % and 26 % re-
sponded poorly to daily treatment with 10 mg prasugrel, according 
to ADP-induced whole blood aggregometry, platelet function 
under high shear rates and the VASP-assay, respectively.

The chosen platelet function tests are commonly used to assess 
the response to anti-platelet treatment (14, 17). However, no infor-
mation is available on prasugrel effects in critically ill patients. 
Thus, one may only speculate on the causes of the divergent re-
sults. The VASP-P assay, which is considered a specific indicator of 
down-stream P2Y12 receptor mediated platelet inhibition (14), 
may be biased by low haemoglobin levels in our patients. This may 
require further validation in similar populations. In contrast, 
whole blood aggregometry and platelet function under high shear 
rates are rapid whole blood assays, which may be altered by in-
flammation. Critically ill patients without antiplatelet treatment, 
who did not develop sepsis, had higher platelet aggregation com-
pared to controls (18). However, lower platelet counts in septic pa-
tients may have influenced the results of platelet aggregation tests 
(18). Consistently, the closure time in PFA was shorter and ADP-
induced whole blood aggregometry trendwise higher during ex-
perimental endotoxemia, but the effects of prasugrel on the VASP 
assay were not influenced (19). In our patients, platelet counts in-
creased over time, which may have affected the results of MEA 
and PFA. Additionally, ADP may also activate platelets via the 
P2Y1 receptor, which is not inhibited by prasugrel (20). Although 
this receptor usually induces only weak and transient platelet re-
sponses (20), platelets in critically ill patients may differ from 
other patient populations and therefore activation may contribute 
to aggregation. For instance, the fraction of reticulated platelets 
may be larger and activation of other receptors, i. e. toll-like recep-
tors, may contribute to the increased aggregability (20–22). Hence, 
the VASP-P assay may overestimate the inhibition of platelets by 

prasugrel in critically ill patients as other pathways of platelet ag-
gregation may gain more importance.

Given these results, in critically ill patients both, specific and 
P2Y12-receptor unspecific platelet reactivity tests appear to pro-
vide complementary information regarding the platelet reactivity 
in this patient population. Remaining ADP-induced platelet ag-
gregation may not be improved by increasing the prasugrel dose in 
those critically ill patients who have a low PRI% indicating sub-
stantial P2Y12 receptor inhibition. In high-risk patients other 
strategies to reduce platelet reactivity may be more reasonable, if 
such is desirable.

A 60 mg loading dose of prasugrel is used to achieve quick and 
effective platelet inhibition (4). Interestingly, in our trial, patients 
who were tested within a few days after the loading dose re-
sponded better in both functional tests. Lower platelet counts at 
admission, which increased over time, may partially explain this 
finding. This phenomenon may also be triggered by the inflamma-
tory response.

To minimise blood loss in anaemic critically ill patients we only 
performed sparse blood sampling with three measurements within 
24 h, which is a limitation. Concentrations of prasugrel active 
metabolite appeared ~50 % lower at 2 h compared to healthy con-
trols (13) or ~30 % lower compared to patients after myocardial in-
farction who received a 60 mg loading dose, assuming dose-pro-
portional pharmacokinetics (23). Intriguingly, our patients had at 
least three-fold higher trough plasma concentrations of prasugrel 
active metabolite, suggesting slow absorption due to gastrointesti-
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What is known about this topic?
• Prasugrel is a potent P2Y12-receptor inhibitor. To achieve quick 

and sufficient platelet inhibition treatment with prasugrel is initi-
ated with a 60 mg loading dose, followed by a daily maintenance 
dose of 10 mg.

• In patients undergoing therapeutic hypothermia after cardiac ar-
rest a high number of patients responded poorly to the initial 
loading dose, according to the vasodilator-stimulated phospho-
protein phosphorylation. No information on the response to pra-
sugrel treatment in critically ill patients is currently available.

• The response rate of patients to platelet inhibitory drugs varies 
with different platelet function tests and the chosen cutoffs.

What does this paper add?
• Critically ill patients respond poorly to daily prasugrel treatment. 

Whole blood aggregometry classified 65 %, platelet function 
under high shear rates 74 % and vasodilator-stimulated phospho-
protein phosphorylation 26 % of patients, with high on-treatment 
platelet reactivity.

• Low levels of prasugrel active metabolite were measured, which 
may be caused by slow absorption of these orally administered 
drugs, or impaired activation of the prodrug by downregulated cy-
tochrome enzymes. These low levels may contribute to the high 
variability in platelet inhibition found in critically ill patients.
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nal alterations, or impaired metabolic activation by cytochrome 
enzymes (10), which affect prasugrel metabolism (13). Addition-
ally, in our trial high levels of C-reactive protein, indicating an in-
flammatory response, correlated with low peak concentrations of 
the prasugrel active metabolite. Interestingly, the maximum con-
centration of the prasugrel active metabolite was approximately 
six-fold lower in stable patients with acute myocardial infarction 
compared to healthy volunteers (12, 23). Slow absorption or im-
paired metabolisation may also, at least in part, explain the find-
ings of Flierl et al., who reported decreasing HTPR rates over the 
first 72 h (9). Therapeutic hypothermia on top of the inflamma-
tory response may additionally reduce the activity of cytochrome 
P450 enzymes (24). Our data in critically ill patients extend these 
findings and suggest significantly different pharmacokinetics of 
prasugrel in these differing clinical situations. However, a more ex-
tensive analysis of plasma concentrations of prasugrel and its ac-
tive metabolite is needed to better define its pharmacokinetics in 
critically ill patients.

Another limitation is the lack of post-mortem examinations, so 
that we cannot rule in or out stent thrombosis.

In summary, there is a high variability in plasma concentrations 
of prasugrel active metabolite and in its ability to inhibit platelet 
aggregation in critically ill patients.
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Note added in proof
The authors made an additional analysis in samples from this manu-
script and made a quite interesting observation. In critically ill pa-
tients microRNA 130b levels were significantly higher in patients 
with trough prasugrel active metabolite concentrations >1 ng/ml 
compared to those with lower or nonmeasurable concentrations 
(p=0.005). MicroRNA 130b, which is upregulated by inflammatory 
processes, is a negative regulator of cytochrome enzyme activity. 
Thus, microRNA 130b may contribute to the partially impaired prasu-
grel metabolism (or activation) in critically ill patients.

1587


