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PANEL DISCUSSION

  CASE STUDY: THROMBOSIS AFTER STENTING 
DESPITE ANTIPLATELET THERAPY

Dr. Deepak Bhatt: We have taken in a wealth of ter-
rifi c information from the three preceding talks in this 
symposium. Let’s now share some questions from the 
audience and explore some of the points raised in the 
preceding talks in a bit more practical detail for clini-
cians. Our three prior speakers are joined in this panel 
discussion by Cleveland Clinic’s Dr. Frank Peacock, 
who brings an emergency medicine perspective. 

Let’s begin with a case-based question supplied from 
the audience. The patient is a 42-year-old morbidly 
obese man without diabetes who had a non-ST-eleva-
tion myocardial infarction (MI) less than 1 year ago. 
A drug-eluting stent was placed at the time of his MI, 
and now restenosis has occurred. He is on aspirin and 
clopidogrel 75 mg/day. Do you recommend running a 
vasodilator-stimulated phosphoprotein (VASP) test 
and possibly increasing the clopidogrel dose to 150 mg/
day, or should the patient just be switched to prasugrel 
(assuming it is commercially available) without running 
the VASP test?

I’ll take a quick initial stab at this question. Studies of 
antiplatelet therapies to prevent in-stent restenosis have 
been a mixed bag. Some of the trials with glycoprotein 
IIb/IIIa inhibitors have shown an effect on restenosis, 
but most have not. Similarly, some of the analyses of 
the thienopyridines ticlopodine and clopidogrel have 
shown an effect on restenosis, but most have not. 

For the most part, restenosis does not appear to be 
heavily mediated by platelets, at least not in a way that 
we can infl uence by therapy. On the other hand, stent 
thrombosis is highly platelet mediated, so I would alter 
the case to one in which stent thrombosis is the clinical 
problem. Assuming that the patient has been adherent 
to his antiplatelet regimen, which tests would you per-
form, and how would you act on the information from 
those tests?

Dr. Kandice Kottke-Marchant: The 2007 guidelines 
on acute coronary syndrome (ACS) management from 
the American College of Cardiology and American 
Heart Association (ACC/AHA)1 do not address platelet 
function testing, and almost none of the clinical trials 
of antiplatelet agents had an arm that included testing 
and dose adjustment based on platelet function studies. 
Platelet testing is available at some centers; at Cleveland 
Clinic, we use platelet aggregation testing. One can do 
platelet aggregation testing on a patient-by-patient basis; 
if inhibition appears to be suboptimal, a treatment deci-
sion should be made, but there is little guidance from the 
literature to steer that decision. I have seen clinicians 
increase the dose of clopidogrel or aspirin in response to 
platelet function tests, which occasionally triggers a con-
fi rmatory call from the pharmacy department.

Dr. Bhatt: When I was still at Cleveland Clinic, our 
chief medical resident did an analysis of platelet func-
tion testing, and it was remarkable how much testing 
was performed and how often it changed management, 
largely in the absence of any outcomes data, as Dr. 
Kottke-Marchant pointed out. Dr. Alexander, what are 
your recommendations with respect to platelet function 
testing today?

Dr. John Alexander: The case you describe is one 
in which applying evidence is not easy. There are no 
trials to supply any evidence to change therapy in this 
patient, a morbidly obese man receiving 75 mg/day of 
clopidogrel. There is certainly a rationale, however, to 
believe that a standard “one size fi ts all” 75-mg daily dose 
of clopidogrel may not be enough for him. The trade-off 
with a higher dosage is a higher risk of bleeding, how-
ever, so I would fi rst be sure that he has been adherent to 
his current regimen of clopidogrel and aspirin.

Dr. Bhatt: Is there a role for point-of-care testing to 
determine whether he is adherent to the medicines?

Dr. Kottke-Marchant: Several of the point-of-care 
tests, such as the VerifyNow rapid platelet function ana-
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lyzer, have specifi c cartridges for aspirin and for clopi-
dogrel. If platelets were not being inhibited, it would 
suggest that the doses were too low, given the patient’s 
weight, but you probably would not be able to determine 
whether he was resistant to clopidogrel.

Dr. W. Frank Peacock: One way to verify that patients 
are taking their aspirin is to take a small urine sample 
and squirt in 2 mL of ferric chloride. If the sample turns 
purple, it means they are taking their aspirin. Once that 
is established, you can try to determine whether the 
drug is working on their platelets.

Dr. Alexander: Another potential explanation for 
stent thrombosis is faulty stent placement. In this case 
I would consider asking an interventional colleague 
to perform intravascular ultrasonography to make sure 
the stent was implanted properly before I changed the 
patient’s antithrombotic therapy.

Dr. Bhatt: That’s a great technical point. We always 
want to make sure that a case of stent 
thrombosis is not due to a mechanical 
problem. We should be asking: Is the 
stent properly sized and well opposed? 
Is there a distal dissection or any other 
issue that could predispose to stent 
thrombosis?

Dr. Alexander: This case illustrates a 
host of other challenges that underscore 
how much more work we need to do to 
defi ne optimal antiplatelet therapy. Sup-
pose we perform platelet function testing 
and fi nd a low level of platelet inhibition 
in this patient with stent thrombosis, and 
we change his antiplatelet regimen. When should we test 
him again? If we retest in 3 months and fi nd that he has 
a higher than expected level of platelet inhibition on the 
new antiplatelet regimen, do we dial down the intensity? 
Once again, there is no evidence to guide these decisions, 
and levels of platelet inhibition are driven not just by the 
medications but also by what is going on in the patient’s 
platelets—it is quite multifactorial.

  POINT-OF-CARE PLATELET FUNCTION TESTING: 
CURRENT LIMITS, FUTURE ROLES

Dr. Bhatt: While we’re discussing platelet function 
testing, I found it interesting, Dr. Kottke-Marchant, 
that you said the use of bleeding time as a platelet test 
is fi nally going away. Testing of bleeding time has been 
around forever, but I agree that it doesn’t have much 
value in clinical practice. Do you think bleeding time 
will continue to have any role in drug development? 
Most phase 2 trials, and certainly phase 1 trials, still 

capture bleeding time to assess whether or not a drug is 
working. Should that, too, be jettisoned, or does bleed-
ing time still have some merit in this context? 

Dr. Kottke-Marchant: I would jettison it in drug devel-
opment as well because of the considerable variability in 
bleeding time. It is not a test that can be standardized, 
and no quality control can be done. The results depend 
on skin turgor, age, and many other variables.

We need a global assay that will pick up multiple 
aspects of platelet function, such as fl ow-based adhesion, 
aggregation, and granule release. The bleeding time is a 
shear-dependent test, whereas the platelet aggregation 
test that is used in most drug trials is an artifi cial assay 
that measures only aggregation, but not under shear. 
The VerifyNow rapid platelet function analyzer does not 
measure platelets under shear and is not a global assay.

Dr. Marc Sabatine: I would underscore the need for 
a reliable point-of-care test of platelet function. When 
we prescribe a statin or an antihypertensive drug, we 

don’t just send the patient out the door 
and hope that everything will be okay. 
We measure the response, knowing that 
genotype, environmental factors, or med-
ication factors can affect the response. 
When we prescribe an antiplatelet drug, 
we need a reliable point-of-care device to 
make certain that the patient is getting 
appropriate platelet inhibition.

I am reminded of a recent study of 
point-of-care measurement of platelet 
inhibition in patients receiving clopi-
dogrel prior to nonemergent percutane-
ous coronary intervention (PCI).2 Rather 
than just treating patients with PCI and 

sending them out the door, the investigators kept giv-
ing patients clopidogrel and measuring their platelet 
inhibition until they achieved an appropriate degree of 
inhibition, after which PCI was performed. Event rates 
were signifi cantly reduced in the patient group treated 
this way, which suggests a need to individualize therapy 
and move away from the “one size fi ts all” mindset.

Dr. Bhatt: Dr. Peacock, you’ve led a study of point-of-
care assays in the emergency department. What might 
ultimately be the role of point-of-care testing in emer-
gency medicine, and might it infl uence drug selection?

Dr. Peacock: My short answer is that I think there will 
be a role for point-of-care testing, with all the caveats that 
have been discussed. There may even be a day when we 
do genetic testing and look for DNA. Honestly, though, 
I’m somewhat of a skeptic because I’m not looking at 
the genetics. I see many patients who do crack cocaine 
who come to the emergency room with chest pain and 

Levels of platelet 
inhibition are driven 
not just by the 
antiplatelet drugs but 
also by what is going 
on in the patient’s 
platelets—it is quite 
multifactorial. 

—Dr. John Alexander
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have risk factors, but I send these patients home because 
they are not having an event. The real question is, “Is it 
an event?” If a patient is having an event and he or she 
has platelet resistance or hyperreactivity—whatever we 
term it—then you have to decide the next step.

As you mentioned, we just completed a study that 
evaluated a couple hundred patients for platelet inhibi-
tion resistance to aspirin, and one fi nding was that the 
incidence of platelet resistance to aspirin was much 
lower than we had anticipated. Studies from the litera-
ture suggest that the prevalence of resistance is around 
30%, but in our study it was 6.5%.3 

Dr. Kottke-Marchant: It depends on how and in whom 
you measure resistance. Different tests will give you different 
numbers. Even among studies using the same measurement 
techniques, the results depend on the patient population. 
If it’s a fairly stable cardiac population, you may see aspirin 
resistance rates of 4% or 5%. If it’s a population of patients 
who have had multiple MIs, the rate may be higher. 

Dr. Peacock: That’s exactly my point. 
In the emergency department we see a 
mixed bag. We see many people who 
have had no prior events and have no 
acute event occurring. So in that setting 
you are going to get results that suggest 
that no intervention is required, whereas 
in that small percentage of patients in 
whom something is happening, your 
drug choice may be different. 

Dr. Alexander: We are still talking 
about resistance to antiplatelet drugs as 
though it were a patient-level variable, 
but it’s my impression that it changes over time and 
within a patient.

Dr. Kottke-Marchant: It can change over time. There 
aren’t many good longitudinal studies. Most of the stud-
ies of “aspirin resistance” are really snapshot studies 
with measurements taken at one point in time. A term 
I prefer is “platelet reactivity.” To really assess treatment 
effi cacy, we are going to have to look at the basal level 
of platelet reactivity. 

  WHAT ROLE FOR GENOTYPING IN GUIDING 
ANTIPLATELET THERAPY?

Dr. Bhatt: Dr. Peacock alluded to a potential role for 
genetic testing. Dr. Sabatine, you have done a lot of 
interesting work with genotyping in the TRITON-TIMI 
38 study of prasugrel and clopidogrel. What is the future 
role of genotyping in determining which antiplatelet 
therapy is best for which patient?

Dr. Sabatine: As I mentioned, cytochrome P450 

enzymes play a critical role in the metabolism of clopi-
dogrel. These enzymes are fairly polymorphic—muta-
tions in their encoding genes are responsible for subtle 
changes in effect, unlike the traditional mutations that 
we think about for sickle cell disease, for example. A 
wealth of data has been published showing that genetic 
variants are associated with decreased functional activ-
ity of cytochrome P450 enzymes, demonstrating the 
pharmacologic importance of these variants. 

Individuals who carry variant alleles appear to respond 
differently to clopidogrel. A variety of small studies show 
that those who carry specifi c variants—particularly in the 
CYP2C19 enzyme, but in other enzymes as well—appear 
to have a diminished response to clopidogrel. There are 
also data showing that individuals with a diminished 
response to clopidogrel have worse outcomes.4 Our group 
is studying the impact of genetic variants that decrease 
the functional activity of cytochrome P450 enzymes on 
clinical outcomes. (Editor’s note: This study has since been 
published by Mega et al.5) 

The practical implication may lie in point-of-care 
genotyping, which appears possible and 
will be clinically useful if a strong link 
can be demonstrated between genotype 
and outcomes. If point-of-care genotyp-
ing becomes practical, it will raise the 
question of whether both genotyping and 
platelet aggregation testing are needed. I 
think they might indeed be complemen-
tary in risk prediction, as is the case with 
genetic variants that affect low-density 
lipoprotein cholesterol (LDL-C) levels. 
In the lipid arena, we have seen that 
genetic effects and lipid levels provide 

independent incremental information about risk. That’s 
because of the high degree of variation in LDL-C levels: 
an LDL-C measurement is a snapshot in time, yet a vari-
ety of factors can infl uence LDL-C levels. In contrast, 
genotype is an invariant factor. Similarly, in the platelet 
arena, platelet aggregation studies and genotyping may 
be synergistic in predicting an individual’s predisposi-
tion to events and response to medications.

Dr. Bhatt: While we’re discussing pathways of metabo-
lism, the literature, though scant, suggests a potential inter-
action between proton pump inhibitors and clopidogrel. I 
was co-chair of a recent American College of Cardiology/
American Heart Association/American College of Gastro-
enterology consensus document that endorsed liberal use 
of proton pump inhibitors in patients who are at gastroin-
testinal risk, including those on antiplatelet therapy.6 The 
gastroenterologists believed strongly that proton pump 
inhibitors were safe and in fact underused in these patients. 
What do you think about the clopidogrel–proton pump 
inhibitor interaction? Should we be concerned? 

We need a global 
assay that will pick up 
multiple aspects of 
platelet function, 
such as fl ow-based 
adhesion, aggregation, 
and granule release.
—Dr. Kandice Kottke-Marchant
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Dr. Sabatine: Proton pump inhibitors are not only sub-
strates for, but also inhibitors of, CYP2C19, a key enzyme 
that helps transform clopidogrel into an active metabo-
lite. For this reason, there has been interest in whether 
concomitant use of proton pump inhibitors would blunt 
the effi cacy of clopidogrel. The same concern was raised 
about giving clopidogrel with certain statin drugs that 
are also metabolized by the cytochrome P450 system, 
and several studies have shown an effect of these statins 
on clopidogrel’s platelet inhibition. However, there is 
no evidence that coadministration of these statins has 
affected clinical outcomes with clopidogrel in clinical 
trials. So it may be that while competition for the cyto-
chrome P450 system is one factor, it’s not enough of a 
factor to tip the scale and result in a clinical event. The 
same may be true of coadministration of proton pump 
inhibitors; meanwhile, we await defi nitive data that 
concomitant use with clopidogrel leads to higher rates 
of ischemic events. 

  DIAGNOSTIC UNCERTAINTY 
IN THE EMERGENCY SETTING

Dr. Bhatt: We heard about quite a few 
new antiplatelet drugs in Dr. Sabatine’s 
presentation, some of which will likely 
be taken up in clinical practice. Dr. 
Peacock, from an emergency department 
perspective, how will you integrate all 
these new agents with the numerous 
therapies already available? What should 
emergency departments do to come to 
grips with and ultimately take advantage 
of these different forms of therapy as well 
as emerging platelet function tests?

Dr. Peacock: The piece that’s unique or especially 
pertinent to the emergency department is diagnos-
tic uncertainty. Diagnosis and management are easy 
when a patient has an ST-elevation MI because we all 
know what that looks like and we know what to do in 
response. To some extent non-ST-elevation MI is fairly 
simple too. ACS is a lot more diffi cult because we don’t 
have a good defi nition for unstable angina, and that’s 
where diagnosis and management become problem-
atic. And with high-sensitivity troponins coming out 
now, the question of non-ST-elevation MI is going to 
get more and more confusing because we will have a 
lot more patients who meet criteria without having an 
acute coronary artery event. 

So it is going to be important that studies be designed 
correctly. A lot of the studies reviewed today were effi cacy 
studies, showing that a particular drug works well in a 
carefully defi ned population, but they were not effi ciency 
studies: they did not take into account the real-world diag-

nostic uncertainty—and inevitable misdiagnoses—that 
emergency departments encounter before starting therapy. 

Take the CURE trial, for example. It was a great study, 
showing that clopidogrel reduced the hazard ratio for 
major coronary events by 20% in patients with unstable 
angina,7 and the message was that everybody should be 
using clopidogrel. A close look at the study, however, 
reveals that about half the patients did not receive clopi-
dogrel in the emergency department. When patients did 
receive it early, it was driven by the cardiologist, who 
was absolutely certain of the diagnosis. But if the study 
was not designed to test early use, then it is a big leap to 
extrapolate its fi ndings to this circumstance.

Many of the patients in the CURE trial were enrolled 
the day after presentation, when their diagnosis was cer-
tain—ie, they had a rise in troponin after their symptoms. 
But when a patient fi rst arrives in the emergency depart-
ment, we are not certain of the diagnosis. And if we use 
a drug such as clopidogrel, with a duration of action as 
long as 5 days, we have committed the entire medical 
system to a certain course of management for that period 

of time. If we get the diagnosis wrong, this 
commitment could restrict management 
options for up to 5 days. 

The question for emergency physi-
cians becomes, “How long is long enough 
to know whether I can pull the trigger 
on a therapy and be correct?” With all 
the new drugs coming along, the way to 
answer this is to do effi ciency studies in 
a real-world environment in addition to 
effi cacy studies.

Dr. Alexander: Yes, one of the biggest 
limitations of antiplatelet drug studies 

to date is that they usually haven’t really addressed the 
timing of drug initiation. We often assume that if a drug 
is shown to be benefi cial, then it should be started as 
soon as possible. As we just heard, that may have been 
an unfounded extrapolation from the CURE trial. 
The same sort of thing happened with the ISIS trial of 
aspirin in patients with ST-elevation MI.8 In response 
to the ISIS results, clinicians rushed to give patients 
aspirin right away even though many of the patients in 
the trial may have received their aspirin the day after 
presentation. For these reasons, the EARLY-ACS study,9 
which is addressing a very simple question—whether 
early upstream use of glycoprotein IIb/IIIa inhibitors is 
benefi cial—has been a challenging trial to complete. 

WHAT ROLE FOR THIENOPYRIDINE PRETREATMENT? 

Dr. Bhatt: Dr. Sabatine, you presented data from the 
large TRITON-TIMI 38 trial comparing prasugrel 
with clopidogrel. I’m interested in how you would use 

We still talk about 
resistance to 
antiplatelet drugs as 
if it were a patient-
level variable, but it 
changes over time 
and within patients.

—Dr. John Alexander
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prasu grel in practice, assuming it receives marketing 
approval, especially in light of its bleeding risk, particu-
larly in patients in whom coronary artery bypass graft 
surgery (CABG) is planned. Many hospitals pretreat 
patients with clopidogrel in the emergency department. 
How would you manage a patient who shows up in the 
emergency room with ACS? Would you give clopido-
grel, would you wait and give prasugrel, or would you do 
something else? If you gave clopidogrel, what loading 
dose would you use—300 mg, 600 mg, or, as some have 
suggested, 900 or 1,200 mg?

Dr. Sabatine: I am a strong proponent of pretreatment. 
Data from multiple studies show a benefi t to this strat-
egy, and even the original CURE trial showed a roughly 
30% reduction in ischemic events within the fi rst 24 
hours of clopidogrel initiation.7 

I think the dosing strategy depends on how the patient 
is going to be managed. If management is going to be 
conservative, then I would start the patient on 300 mg of 
clopidogrel when he or she came in. If the 
patient is going to the cardiac catheter-
ization laboratory in a few hours, I would 
pretreat with 600 mg of clopidogrel. For 
prasugrel, the need for pretreatment is 
less clear, given the drug’s faster onset of 
action and greater degree of platelet inhi-
bition. In the TRITON-TIMI 38 study,10 
prasugrel was given, by and large, after 
diagnostic angiography, and thus one 
could use that approach in practice.

In terms of clopidogrel versus prasugrel, 
I would embrace prasugrel for the large 
majority of my patients, being mindful 
of the risk of bleeding. I would not hesi-
tate to give the medication to diabetics 
or to younger, more robust patients. The 50% reduction 
in stent thrombosis with prasugrel versus clopidogrel in 
TRITON-TIMI 38 is huge,11 given that the risk of death 
with stent thrombosis is probably 25% or greater. So I 
would want to have prasugrel on board to reduce the risk 
of stent thrombosis, especially if a drug-eluting stent were 
being implanted. 

Dr. Bhatt: Dr. Alexander, let’s get your take on a simi-
lar scenario. Assuming that prasugrel gains marketing 
approval, how would you manage patients with non-ST-
elevation MI who present to the emergency department? 
Would you pretreat with clopidogrel? Would you wait until 
angiography and then, depending on the anatomy, treat 
with prasugrel? Or would you potentially pretreat with 
prasugrel, which has not been studied and would not be a 
labeled indication? How would you reconcile the data?

Dr. Alexander: At Duke, I expect that prasugrel will 
not be used prior to the catheterization laboratory in 

patients with non-ST-elevation ACS due to concerns 
about whether the patients will undergo PCI or be man-
aged medically or with CABG. 

Dr. Bhatt: That makes sense, since there was a fair 
amount of bleeding with prasugrel in those patients in 
TRITON-TIMI 38. 

Dr. Alexander: Correct. Moreover, at Duke we don’t 
use as much upstream clopidogrel as we would, based on 
the evidence, if I were managing all the patients. There 
is still a lot of pushback about upstream clopidogrel 
from our surgeons because patients are going to surgery 
quickly these days, sometimes just a day after catheter-
ization, and that’s when a loading dose of clopidogrel 
can be problematic. We are also still fairly heavy users of 
glycoprotein IIb/IIIa inhibitors. 

Where I can see prasugrel being used prior to the cath 
lab at Duke is in ST-elevation MI, where the rate of PCI 
is very high. In primary angioplasty for ST-elevation MI, 

it would likely be given upstream. The 
bigger issue for us will be that we serve 
as a referral base for a lot of regional hos-
pitals, and thus have some infl uence on 
their practices.

Dr. Bhatt: In that case, what would you 
advise those regional hospitals to do for 
non-ST-elevation MI?

Dr. Alexander: For the time being, we 
would advise continuing with our current 
practice, which is to load clopidogrel in 
patients in whom there is a reasonable 
certainty that CABG will not be per-
formed, and to use glycoprotein IIb/IIIa 
inhibitors in high-risk patients. As we 

get more experience with prasugrel or with additional 
trial results, however, that practice could easily change.

Dr. Bhatt: So you would still use glycoprotein IIb/IIIa 
inhibitors?

Dr. Alexander: Yes, I advocate upstream clopidogrel use, 
but not all my colleagues do. Based on the guidelines, I’d 
use one or the other—either clopidogrel or a glycoprotein 
IIb/IIIa inhibitor. As I mentioned in my talk, if a patient 
is at high risk for bleeding, I am more inclined to use 
clopidogrel, although patients at higher risk of bleeding 
are often at higher risk for ischemic events as well.

  WHAT’S DRIVEN THE DROPOFF 
IN GLYCOPROTEIN IIb/IIIa INHIBITOR USE?

Dr. Bhatt: While we’re on the topic of glycoprotein 
IIb/IIIa inhibitors, a question card from the audience 
asks why there has been a decrease in glycoprotein IIb/

If point-of-care testing 
becomes practical, 
it will raise the 
question of whether 
both genotyping and 
platelet aggregation 
testing are needed. 
I think they might be 
complementary.

—Dr. Marc Sabatine
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IIIa inhibitor use and whether this decline is appropriate 
or inappropriate. Have clopidogrel pretreatment, higher 
loading doses of clopidogrel, and use of the direct throm-
bin inhibitor bivalirudin contributed to the decrease in 
glycoprotein IIb/IIIa inhibitor use?

Dr. Alexander: I do think that the decline has been 
driven by the changing environment, with greater use of 
other antithrombotic strategies that include clopidogrel 
and bivalirudin, as you suggest, as well as an increased 
attention to bleeding. From an evidence-based stand-
point, we don’t know whether the decrease in glycopro-
tein IIb/IIIa use is appropriate or not because the studies 
of these agents were conducted before the widespread 
upstream use of clopidogrel and bivalirudin. Clopidogrel 
is attractive because it’s a pill given as one dose in the 
emergency department, the wards, or the catheterization 
laboratory, rather than a much more complicated infu-
sion with weight-based dosing and dosage adjustments 
based on creatinine clearance. It is possible that we 
should perhaps be dosing clopidogrel the 
same way, but we don’t know that yet. 

  PRASUGREL IN PRACTICE: 
HOW LOW CAN THE DOSE GO, 
AND IS THERE A GENDER EFFECT?

Dr. Bhatt: Let’s stick with this focus 
on dosing but turn back to discussion 
of prasugrel. In your presentation of the 
TRITON-TIMI 38 data, Dr. Sabatine, 
you proposed a potential prasugrel dos-
age modifi cation, down to a 5-mg loading 
dose, in subgroups that were identifi ed 
as being at high bleeding risk—namely, 
elderly patients and patients with low 
body weight. However, no outcomes data 
with 5 mg of prasugrel came out of TRITON-TIMI 38.10 
Is this proposed modifi cation based on pharmacokinetic 
extrapolation? Could clinicians be comfortable using 5 
mg of prasugrel, assuming the drug receives regulatory 
approval and a 5-mg tablet would be available?

Dr. Sabatine: Of course, evidence at the grade A 
level would consist of a trial showing that patients 
who received a lower dose enjoyed the same benefi t as 
those who got standard dosing in TRITON-TIMI 38—a 
60-mg loading dose followed by 10 mg/day—with an 
acceptable risk profi le. However, such a trial would be 
diffi cult and costly to conduct, and would take roughly 
half a decade to pull off. It is only through large trials 
like TRITON-TIMI 38 that you identify subgroups that 
respond differently, and then to go back and do a sepa-
rate trial for those subgroups takes a great deal of time. 
It may not be practical.

I think the Food and Drug Administration is moving 

toward embracing careful pharmacokinetic/pharmaco-
dynamic substudies within trials, with these substudies 
having adequate numbers of subjects to provide a sense 
for the ideal target dose and what an acceptable dose 
range would be, without limiting approval to a single 
dose. The analogy would be warfarin dosing, with the 
aim being to fi gure out an acceptable dose range, dis-
cover which patients fall outside that range, and then 
model the effect of a lower dose in those patients. Thus, 
approving a 5-mg dose of prasugrel based on TRITON-
TIMI 38 would be a reasonable approach if this dose 
passed muster under pharmacokinetic/pharmacody-
namic modeling. If this approach were taken, there 
would clearly be a need for postmarketing surveillance 
to confi rm whether the modeling on the effects of the 
lower dose was borne out by actual outcomes. 

Dr. Bhatt: The audience has posed another interesting 
question raised by TRITON-TIMI 38: Can you com-
ment on the lesser effect of prasugrel in women?

Dr. Sabatine: It is true that there was 
not a statistically signifi cant effect of 
prasugrel among women in TRITON-
TIMI 38, but statistical tests among 
subgroups found no signifi cant hetero-
geneity for the effect between men and 
women, and that is the relevant measure 
to determine any gender effect. Keep in 
mind that not all subgroups represent a 
univariate slice of the population. For 
example, women generally have lower 
body weight than men, and since prasu-
grel’s net clinical benefi t was reduced in 
patients with lower body weight, that 
may explain some of the differing extent 
of effect between men and women.

Dr. Bhatt: That’s a good point about the lack of hetero-
geneity between men and women. In fact, a meta-analysis 
of clopidogrel data conducted by one of the fellows I work 
with revealed that men and women appear to benefi t 
similarly from clopidogrel.12 There was a slight signal of 
excess bleeding in women, but there were more elderly 
women in the pooled population, which may have been a 
confounding factor. As best as anyone can tell, antiplate-
let therapy works well in both men and women.

  NAVIGATING MANAGEMENT ACROSS 
THE SPECTRUM OF CARE

Dr. Bhatt: I would like to explore a bit further how 
all of these issues translate across the spectrum of care, 
beginning in the emergency department, which we 
know is a key component of the entire ACS manage-
ment strategy for a health care system. What should 

If we use a drug like 
clopidogrel, with a 
duration of action as 
long as 5 days, in the 
emergency setting, 
we have committed 
the entire system 
to a certain course 
of management 
for up to 5 days.

—Dr. Frank Peacock
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emergency medicine doctors do, given all of the poten-
tial options—clopidogrel, different loading doses of 
clopidogrel, prasugrel, glycoprotein IIb/IIIa inhibitors, 
even bivalirudin?

Dr. Peacock: It depends on the practice setting. Some 
emergency physicians work at community hospitals with 
no backup. They must have relationships with the larger 
centers to which they’ll be transferring patients, because 
ACS patients should not be staying at community hos-
pitals. These emergency physicians must have close 
relationships with the physicians who will be receiving 
their patients, and they know the potential head-butting 
with surgeons surrounding early clopidogrel use better 
than anybody does. If they treat with clopidogrel in the 
emergency room, and it turns out that the patient needs 
to go to the catheterization laboratory, can the receiv-
ing hospital use platelet testing to shorten the standard 
5-day interval from treatment to catheterization?

Dr. Bhatt: Yes, that’s a rather useful, although not 
completely validated, way of using point-
of-care platelet testing—to potentially 
reduce the time to surgery.

Dr. Peacock: Right. So if the policies for 
handling these types of transfer-related 
issues are worked out in advance, all 
players have a pathway to follow, which 
can allow quick action when necessary. 
If you don’t have these issues worked out 
in advance, you either lose many oppor-
tunities to act quickly in the emergency 
room or you risk taking actions that will 
cause problems later in the course of 
management. 

Dr. Alexander: I totally agree. The key is to sit down 
with all the players involved—the surgeons, the inter-
ventional cardiologists, the intensivists, the emergency 
room personnel—and come up with strategies for differ-
ent populations of patients. Write down the collective 
strategy and hang it on the wall so that everybody can 
be comfortable with it. The strategy can be reevaluated 
when prasugrel or other new antithrombotic drugs come 
on the market.

Dr. Peacock: The other environment is the academic 
center, which is even more challenging, but for different 
reasons. At a large academic center like the Cleveland 
Clinic, any of 25 different cardiologists may be taking 
call and receiving patients from the emergency depart-
ment on a particular night. A lot of phone interaction 
is required to elicit the planned management strategy, 
including if and when the patient will be going to the 
cath lab. Individualizing care to a particular cardiologist 

then becomes a time-consuming challenge, especially in 
clinical situations where outcomes are time-dependent.

Dr. Alexander: Agreed. Management needs to be 
integrated across the entire spectrum of care. The anti-
coagulants that we plan to use in the cath lab will affect 
the antithrombotic regimen used upstream. 

Dr. Kottke-Marchant: One circumstance where plate-
let function testing has been helpful is in determining 
the washout of the clopidogrel effect before surgery. At 
Cleveland Clinic, we have implemented platelet func-
tion testing in this circumstance instead of waiting a 
blanket 5 days after clopidogrel administration to go to 
surgery. A return to normal platelet function on platelet 
aggregation testing, depending on the cutoff value used, 
is an indicator that the patient can proceed to surgery.

Dr. Bhatt: That’s a logical approach. How should we 
be using antiplatelet therapy in the medically managed 
patient, Dr. Alexander?

Dr. Alexander: When I think of medi-
cal management, I include patients who 
don’t go to the cath lab, but also those 
who do, with regards to their manage-
ment prior to and following their time 
in the cath lab. 

In patients who don’t go to the cath lab 
for angiography, the ACC/AHA guide-
lines recommend aspirin and either clo-
pidogrel, a glycoprotein IIb/IIIa inhibitor, 
or both.1 In making this choice, I consider 
the patient’s risk of bleeding and the dosing 
complexity of the regimen, especially with 
the use of glycoprotein IIb/IIIa inhibitors 
in a patient with renal insuffi ciency. In a 

patient at relatively low risk for bleeding, I often use both 
clopidogrel and a glycoprotein IIb/IIIa inhibitor, although 
this strategy does not have a lot of data to support it.

The more challenging population consists of patients 
who go to the cath lab but do not undergo PCI; this 
population is managed medically too. We often drop the 
ball with clopidogrel in this population. Many patients 
in whom PCI is not performed do not receive clopido-
grel upstream, for all of the reasons we’ve discussed, and 
there is pretty good evidence that if clopidogrel is not 
instituted before hospital discharge, the patient is not 
likely to be receiving it at 30 days either. We have an 
obligation to treat these patients.

Treatment following bypass surgery is much murkier, 
and I don’t really know what we should be doing. The 
ACC/AHA guidelines suggest that clopidogrel be 
started in a patient with non-ST-elevation ACS after 
bypass surgery,1 but I believe the evidence to support 
that recommendation is pretty weak.

Platelet function 
testing has been 
helpful in determining 
clopidogrel washout 
before surgery, allowing 
some patients to 
proceed to surgery 
sooner than the 5-day 
blanket waiting period.
—Dr. Kandice Kottke-Marchant

 on April 25, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE         VOLUME 76 • SUPPLEMENT 1         APRIL 2009    S31

BHATT AND COLLEAGUES

Dr. Bhatt: Well, the CURE trial did contain a sizeable 
group that underwent bypass surgery,7 and although this 
group was underpowered in some respects, it was still a 
very large group, so I personally favor treatment in those 
patients. We should mention that an ongoing trial called 
TRILOGY ACS is comparing clopidogrel and prasugrel 
specifi cally in patients who are being managed medi-
cally,13 so more data on this strategy will be emerging. 

  ARE GUIDELINES DESTINED TO BECOME 
EVER MORE COMPLEX?

Dr. Bhatt: Here’s a comment and question from the audi-
ence that pulls together a lot of what we’ve discussed while 
also looking forward: The antiplatelet therapy guidelines 
are already complicated. If the ongoing studies of emerg-
ing antiplatelet drugs all have results that are qualitatively 
similar to those of the TRITON-TIMI 38 study of prasu-
grel—ie, better effi cacy with more potent therapy but 
more bleeding—how do you foresee these antiplatelet 
drugs being used in clinical practice?

Dr. Sabatine: The contrast between 
the US guidelines and the European 
guidelines for ACS management is stark. 
The US guidelines—from the ACC and 
AHA1—are essentially an encyclopedia 
that includes nearly every trial of anti-
platelet therapy in ACS along with com-
plicated algorithms; they do a wonderful 
job of being complete. The European 
guidelines14 are probably one tenth the 
size of their US counterpart document, 
and they suggest treatments for various 
patient types; they are very simple.

In a sense, the US guidelines lay out 
the data and force practitioners to evalu-
ate the trials and consider how our patients fi t into the 
study populations. In this way they are analogous to cur-
rent guidelines for anticoagulant therapy. Several antico-
agulants have been compared with heparin in clinical tri-
als. These newer anticoagulants appear to reduce the risk 
of ischemic events compared with heparin; some have 
lower rates of bleeding, while others have higher rates of 
bleeding. There have been few head-to-head studies of 
these agents, however, so we wind up with guidelines that 
are not defi nitive but rather suggest agents to “consider” 
in various settings.

It’s unlikely that a head-to-head trial will be con-
ducted comparing prasugrel with the reversible P2Y12 
antagonist AZD6140, assuming that both are approved 
for marketing. If the drugs appear equally effi cacious 
in placebo-controlled trials, it will take consensus to 
determine the appropriate choice at your hospital, fac-
toring in your patient profi le, the cost of the drugs, and 

other variables. It’s more complicated when one agent 
is slightly more effi cacious but causes more bleeding or, 
conversely, a little less effi cacious but less apt to cause 
bleeding. In such cases, you may need to tailor therapy 
to the patient, trying to gauge bleeding risk. All of the 
emerging data appear to point to the importance of 
bleeding on outcomes: patients who bleed fare poorly, 
in part due to the bleeding itself and in part perhaps 
because they have a proclivity for bleeding.

  THE FUTURE: MONITORING-BASED DOSING 
AND NICHE ANTIPLATELETS?

Dr. Bhatt: That’s a good observation. Let’s wrap up by 
having the other panelists share any fi nal thoughts you 
may have.

Dr. Alexander: I’d like to return to the issue of measur-
ing antiplatelet response and using it to guide therapy. 
Earlier we cited the examples of antihypertensive 

therapy and lipid-lowering therapy to 
support this model of monitoring-based 
treatment. Guidelines for dyslipidemia 
treatment recommend using LDL-C lev-
els to guide therapy, but this practice is 
diffi cult to study in a randomized trial. In 
fact, none of the randomized trials of sta-
tins used LDL-C levels to guide therapy. 
They all studied fi xed doses of statins 
versus placebo or fi xed doses of another 
statin. Higher doses of statins were 
always benefi cial compared with lower 
doses, and this fi nding was extrapolated 
into the guidelines as a justifi cation to 
treat to target LDL-C levels. 

Dr. Bhatt: It’s not even necessarily 
clear that LDL-C level is the best target, if you consider 
the JUPITER trial, in which patients received statin 
therapy based on their baseline level of high-sensitivity 
C-reactive protein, not their LDL-C level.15 It goes to 
show how incomplete our knowledge of a class of drugs 
may be, even decades after the drugs are introduced.

Dr. Kottke-Marchant: To speak to Dr. Alexander’s 
point, dose adjustment guided by platelet monitoring 
is a bit more problematic for antiplatelet drugs that are 
irreversible inhibitors, such as clopidogrel and aspirin, 
than for those that are reversible inhibitors, which are 
being developed and may eventually make more sense 
to use. From a drug development standpoint, a drug that 
requires monitoring and dose adjustment will not gain 
wide acceptance because it will increase medical costs 
and morbidity. 

Dr. Bhatt: Yes, we know from experience with warfarin 

An ongoing trial 
called TRILOGY ACS 
is comparing 
clopidogrel and 
prasugrel specifi cally 
in patients who are 
being managed 
medically, so more 
data on this strategy 
will be emerging.

—Dr. Deepak Bhatt
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that doctors and patients don’t like the ongoing need for 
monitoring and testing.

Dr. Peacock: The drugs that are going to be adopted by 
the emergency department are those with the shortest 
half-lives, for several reasons: (1) using a drug with a short 
half-life won’t commit us to a particular course of action; 
(2) the potential for drug interactions is lower; and (3) 
in the event of an erroneous diagnosis, the consequence 
of misapplication may be mitigated by early recognition 
and termination of the drug. If we later decide that we’ve 
gone down the wrong therapeutic road or reached a wrong 
diagnosis, or if a complication occurs, we can turn off the 
therapy quickly. That level of fl exibility is needed.

Dr. Kottke-Marchant: I think we are moving into an 
era of niche antiplatelet drugs. One might be used in a 
patient going to surgery, for example, and another for 
long-term therapy.

Dr. Peacock: One thing that I don’t have a feel for is how 
to transition from one drug to another. When you change 
drugs for a patient, it so often seems like it goes badly. If 
we’re eventually going to use drugs with ultra-short half-
lives in the in the emergency department for the fi rst day 
or two, and then switch patients to a pill for a week, a lot 
more platelet function testing may be needed.
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