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ANDOMIZED CONTROLLED

trials have established the ef-

ficacy of clopidogrel therapy

following hospitalization for
acute coronary syndrome (ACS) for pa-
tients treated either medically or with
percutaneous coronary intervention
(PCI).'? The average duration of clo-
pidogrel treatment in the Clopidogrel
in Unstable Angina to Prevent Recur-
rent Events (CURE) trial was 9 months
following hospital discharge.' Cur-
rent cardiology guidelines recom-
mend clopidogrel therapy for at least
1 month and ideally up to 1 year for pa-
tients treated medically or with a bare
metal stent, and at least 1 year for pa-
tients treated with a drug-eluting stent
following hospitalization for ACS.*
These recommendations are catego-
rized as class IA, indicating the high-
est level of evidence support.

While clopidogrel has been shown to
be efficacious for patients with ACS,
we sought to evaluate whether there may
be a “rebound effect” or concentration
of thrombotic events shortly after
stopping treatment with clopidogrel.

532 JAMA, February 6, 2008—Vol 299, No. 5 (Reprinted)

Context Itis unknown whether patients are at increased short-term risk for adverse
events following clopidogrel cessation.

Objective To assess the rates of adverse events after stopping treatment with clo-
pidogrel in a national sample of patients with acute coronary syndrome (ACS).

Design, Setting, and Patients Retrospective cohort study of 3137 patients with
ACS discharged from 127 Veterans Affairs hospitals between October 1, 2003, and
March 31, 2005, with posthospital treatment with clopidogrel.

Main Outcome Measure Rate of all-cause mortality or acute myocardial infarc-
tion (AMI) after stopping treatment with clopidogrel.

Results Mean (SD) follow-up after stopping treatment with clopidogrel was 196 (152)
days for medically treated patients with ACS without stents (n=1568) and 203 (148) days
for patients with ACS treated with percutaneous coronary intervention (PCI) (n=1569).
Among medically treated patients, mean (SD) duration of clopidogrel treatment was 302
(151) days and death or AMI occurred in 17.1% (n=268) of patients, with 60.8% (n=163)
of events occurring during 0 to 90 days, 21.3% (n=57) during 91 to 180 days, and 9.7 %
(n=26) during 181 to 270 days after stopping treatment with clopidogrel. In multivariable
analysis including adjustment for duration of clopidogrel treatment, the first 90-day inter-
val after stopping treatment with clopidogrel was associated with a significantly higher risk
of adverse events (incidence rate ratio [IRR], 1.98; 95% confidence interval [CI], 1.46-2.69
vs theinterval of 91-180 days). Similarly, among PCl-treated patients with ACS, mean (SD)
duration of clopidogrel treatment was 278 (169) days and death or AMI occurred in 7.9%
(n=124) of patients, with 58.9% (n=73) of events occurring during O to 90 days, 23.4%
(n=29) during 91 to 180 days, and 6.5% (n=8) during 181 to 270 days after stopping
clopidogrel treatment. In multivariable analysis including adjustment for duration of clo-
pidogrel treatment, the first 90-day interval after stopping clopidogrel treatment was as-
sociated with a significantly higher risk of adverse events (IRR, 1.82;95% Cl, 1.17-2.83).

Conclusions We observed a clustering of adverse events in the initial 90 days after
stopping clopidogrel among both medically treated and PCl-treated patients with ACS,
supporting the possibility of a clopidogrel rebound effect. Additional studies are needed
to confirm the clustering of events after stopping clopidogrel, including associations
with cardiovascular mortality and reasons for stopping clopidogrel, as well as to de-
termine the mechanism of this phenomenon, and to identify strategies to reduce early
events after clopidogrel cessation.
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Several factors raise this hypothesis. First,
a clustering of adverse events has previ-
ously been reported after cessation of
long-term aspirin therapy as well as af-
ter cessation of heparin therapy in pa-
tients with ACS.>** The proposed mecha-
nism for these events is thought to be a
transient hyperthrombotic state after
stopping drug therapy.® Similarly, there
have been reports of thrombotic events
after thienopyridine cessation among pa-
tients receiving coronary stents, particu-
larly drug-eluting stents.”!" Yet these
events have largely been attributed to
stent-related mechanisms, particularly in-
complete neointimal repair with a drug-
eluting stent rather than a rebound hy-
percoagulable state.”” To date, we are
unaware of any prior studies of possible
clopidogrel rebound event clustering
among patients not receiving a coro-
nary stent.

Accordingly, we assessed the inci-
dence and timing of mortality or acute
myocardial infarction (AMI) after stop-
ping treatment with clopidogrel in a na-
tional cohort of patients with ACS. Spe-
cifically, we evaluated for clustering of
events after stopping treatment with
clopidogrel in medically treated pa-
tients with ACS without stents. For
comparison, we also assessed the inci-
dence and timing of death or AMI
among those patients with ACS who re-
ceived PCI. Finally, we assessed the as-
sociation between duration of clopido-
grel therapy and event rates after
stopping treatment with clopidogrel.

METHODS

Data for this study were collected as part
of the Department of Veterans Affairs
(VA) Veterans Health Administration
Cardiac Care Follow-up Clinical Study,
which uses national data from the Vet-
erans Health Administration External
Peer Review Program for quality moni-
toring for a variety of medical condi-
tions and procedures, including AMI
and unstable angina.

Starting in 2003, the records of all pa-
tients discharged from a VA hospital
with AMI or unstable angina were ab-
stracted as part of a national VA car-
diac care initiative. All patients with In-
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ternational Classification of Diseases,
Ninth Revision, Clinical Modification di-
agnosis codes 410.xx and 411.xx were
identified from the VA Patient Treat-
ment File, and their records were manu-
ally abstracted by trained abstractors
using standard reporting forms. Addi-
tional details of the study methods have
been published.®

Patient Population

All patients with AMI or unstable an-
gina as documented by standard elec-
trocardiographic criteria, elevated tro-
ponin levels, and other clinical
evidence, who were discharged with
posthospital treatment with clopido-
grel from any 1 of 127 VA medical cen-
ters between October 1, 2003, and
March 31, 2005, and who remained
event-free during clopidogrel treat-
ment were included. We excluded pa-
tients who had an adverse event while
receiving clopidogrel therapy; these
events were not related to a potential
rebound phenomenon because clopi-
dogrel therapy had not been stopped.
Patients admitted with other primary
medical conditions but who devel-
oped AMI during their hospitalization
or who had a perioperative MI were in-
cluded if they survived to hospital dis-
charge and were prescribed clopido-
grel at discharge. Patients who were
transferred into VA hospitals from other
medical facilities were excluded be-
cause important baseline data, PCI pro-
cedural details, or both were not avail-
able. Since 2003, race and ethnicity data
have been collected by the VA and are
self-reported by the patient. Patient self-
report has been found to have high
agreement with observer-recorded race/
ethnicity data."

Clopidogrel Use

and Clopidogrel Cessation
Clopidogrel use was assessed using the
Veterans Health Administration Phar-
macy Benefits Management database,
which records the date dispensed and
the number of days supplied for each
dispensed medication. In our primary
analysis, the last day of clopidogrel use
was based on the date of the last pre-

scription refill plus the number of days
supplied for that refill. Therefore, du-
ration of clopidogrel therapy was cal-
culated from the day of hospital dis-
charge to the last clopidogrel refill date
plus the number of days supplied for
that last refill.***!

Outcomes

The primary outcome was the com-
bined end point of all-cause mortality
or AMI hospitalization following ces-
sation of clopidogrel therapy. The VA
vital status file was used to determine
vital status after stopping treatment with
clopidogrel.*** This file has 98.3% sen-
sitivity and 97.6% exact agreement with
dates when compared with the Na-
tional Death Index.”* The AMI out-
come was based on a primary dis-
charge International Classification of
Diseases, Ninth Revision, Clinical Modi-
fication diagnosis code of 410.XX for
any hospitalization within the VA af-
ter stopping treatment with clopido-
grel.* Vital status information was avail-
able after hospital discharge on all
patients through January 31, 2007.

Statistical Methods

The primary objective of the analysis was
to assess the incidence and timing of ad-
verse events after stopping treatment
with clopidogrel among medically treated
ACS patients without stents. First, un-
adjusted incidence rates for all-cause
mortality or AMI were calculated for each
90-day interval after stopping treat-
ment with clopidogrel. Differences in in-
cidence rates between time intervals (eg,
0-90, 91-180, and 181-270 days) were
evaluated using the Fisher exact test.
Pharmacy data on clopidogrel use were
available until September 30, 2005, and
patients still taking clopidogrel at that
time were censored because we were un-
able to determine the exact clopidogrel
stop date.

Second, we constructed multivari-
able Cox regression models, adjusting
for total duration of clopidogrel treat-
ment and all other covariates listed in
TABLE 1 to obtain risk-adjusted instan-
taneous incidence rates using kernel
hazard functions.
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Third, to assess the association be-
tween time interval after stopping treat-
ment with clopidogrel and risk of ad-
verse events, we used Poisson regression
to calculate incidence rate ratios (IRRs),
adjusting for all Table 1 variables includ-
ing duration of clopidogrel treatment. In
these models, the primary independent
variable of interest was the risk of ad-
verse events in the first interval of O to
90 days after stopping treatment with clo-
pidogrel compared with the interval of
91 to 180 days.

To further assess the robustness of our
findings, we performed a series of addi-
tional analyses. First, we assessed the in-

cidence of the AMI outcome only to as-
sess whether the clustering of events after
stopping treatment with clopidogrel was
specifically associated with cardiac
events. Second, we assessed the associa-
tion between time interval after stop-
ping treatment with clopidogrel and out-
comes in prespecified subgroups: (1)
patients taking clopidogrel for 3 months
or less, 6 months or less, and at least 9
months following ACS; and (2) pa-
tients with diabetes because a prior in
vitro platelet study demonstrated re-
bound platelet activity in individuals with
diabetes and coronary disease follow-
ing clopidogrel withdrawal.* Third, due

]
Table 1. Baseline Characteristics of the Study Cohort

All Medical Therapy PCI
Variables (n=3137) (n =1568) (n =1569)
Demographics
Age, y
Mean (SD) 660(11.7) 685(11.7) 635(11.1)
Median (range) 65 (57-76) 70 (60-79) 62 (56-73)
Male sex, No. (%) 3080 (98.2) 1543 (98.4) 1537 (98.0)
White race, No. (%) 1669 (53.2) 853 (54.4) 816 (52.0)
Comorbidities, No. (%)
Heart failure 715 (22.8) 487 (31.1) 228 (14.5)
Diabetes 659 (21.0) 376 (24.0) 283 (18.0)
Prior myocardial infarction 809 (25.8) 485 (80.9) 325 (20.7)
PCI within prior 6 mo 272 (8.7) 98 (6.2) 174 (11.1)
Prior CABG 710 (22.6) 449 (28.6) 261 (16.6)
Cerebrovascular disease 228 (7.3) 153 (9.8) 5(4.8)
Peripheral vascular disease 805 (25.7) 518 (33.0) 287 (18.3)
Renal disease 504 (16.1) 338 (21.6) 166 (10.6)
COPD 472 (15.1) 290 (18.5) 182 (11.6)
Dementia 358 (11.4) 225 (14.4) 133 (8.5)
Cancer 202 (6.4) 123 (7.8) 9 (5.0)
Current smoker 1068 (34.0) 468 (29.9) 600 (38.2)
Medications, No. (%)
Prior clopidogrel use 620 (19.8) 452 (28.8) 168 (10.7)
Aspirin at discharge 2866 (91.4) 1381 (88.1) 1485 (94.7)
B-Blocker at discharge 2907 (92.7) 1439 (91.8) 1468 (93.6)
ACE inhibitor at discharge 2365 (75.4) 1111 (70.9) 1254 (79.9)
Statin at discharge 2540 (81.0) 1198 (76.4) 1342 (85.5)
ACS presentation factors
TIMI risk score, mean (SD) 3.2(1.3 3.2 (1.3 3.2 (1.3
Left ventricular ejection fraction <40%, 786 (25.1) 441 (28.1) 345 (22.0)
No. (%)
Unstable angina, No. (%) 402 (12.8) 326 (20.8) 76 (4.8)
ACS treatment, No. (%)
Glycoprotein llb/llla use 1437 (45.8) 408 (26.0) 1029 (65.6)
Duration receiving clopidogrel
following hospital discharge, d
Mean (SD) 290 (161) 278 (169) 302 (151)
Median (range) 298 (163-413) 281 (120-417) 310 (182-410)

Abbreviations: ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; CABG, coronary artery bypass
graft surgery; COPD, chronic obstructive pulmonary disease; PCI; percutaneous coronary intervention; TIMI, Throm-

bolysis in Myocardial Infarction.
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to concerns that medication adherence
behavior could explain in part any asso-
ciation between medication use via phar-
macy refill data and outcomes, we in-
cluded adherence to statin medications
as a covariate in our multivariable mod-
els. Statin adherence was calculated using
the method of the proportion of days cov-
ered and adherence was categorized as
high (=0.80), intermediate (0.60-
0.79), and low (<0.60).%°

Fourth, we performed several sensitiv-
ity analyses around the clopidogrel stop
dateby drawing (1) a 10% random sample
and changing the date by +15 days from
the stop date used in the primary analy-
ses; (2) a10% random sample and chang-
ing the stop date by £30 days; and (3) a
20% random sample and changing the
stop date by +15 days. The findings of
these sensitivity analyses around the stop
date did not change our primary results
and therefore are not reported further.
Fifth, because bleeding events have been
associated with higher rates of adverse
events and can be associated with clopi-
dogrel cessation, we excluded patients
who had any outpatient or inpatient code
for bleeding following their index ACS
hospitalization (follow-up through Sep-
tember 30, 2005).

Sixth, to further address potential pa-
tient characteristic differences be-
tween those who took longer vs shorter
courses of clopidogrel, we performed
amatched propensity analysis based on
the characteristics in Table 1 between
those who took clopidogrel for 6
months or less or more than 6 months.
We then evaluated the rate of adverse
events in the time intervals after clopi-
dogrel cessation (ie, first 90-day inter-
val after stopping treatment with clo-
pidogrel compared with the interval of
91-180 days) among patients who took
clopidogrel for 6 months or less and for
more than 6 months in the propensity-
matched cohort. Finally, because the
rate of death or AMI during treatment
with clopidogrel can serve as a refer-
ence, we compared the rate of adverse
events following index ACS discharge
while patients were taking clopido-
grel with the rate of adverse events af-
ter stopping treatment with clopidogrel.

©2008 American Medical Association. All rights reserved.
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Analyses evaluating the incidence and
timing of events after stopping treat-
ment with clopidogrel were then re-
peated in the PCI-treated patients with
ACS to allow comparison of patterns of
event clustering and magnitude of risk
with the medically treated ACS patients
after clopidogrel cessation. All analyses
were conducted using Stata version 9.0
(StataCorp, College Station, Texas). The
Cardiac Care Follow-up Clinical Study
was approved by the University of Wash-
ington’s human subjects committee and
the Colorado Multiple Institutional Re-
view Board.

RESULTS
Medically Treated Patients
With ACS

Of 8095 patients hospitalized for ACS
during the study period and who re-
ceived medical therapy only (ie, no
PCI), there was documentation in the
chart that 3425 patients (42.3%) were
to be discharged with posthospital treat-
ment with clopidogrel. Of these pa-
tients, 2475 (72.3%) filled their pre-
scription for clopidogrel through the VA
outpatient pharmacy. Refill prescrip-
tion data were available for all of these
patients. During follow-up, 1568 pa-
tients stopped treatment with clopido-
grel and were event-free prior to stop-
ping, yielding the medically treated
patient cohort for the study.

Baseline characteristics of the medi-
cally treated patients are shown in
Table 1. The mean (SD) age was 66.0
(11.7) years, and these patients had a
high prevalence of cardiac history and
other chronic medical conditions. The
mean (SD) duration of clopidogrel
therapy following hospital discharge
among the medically treated patients
was 302 (151) days and the median was
310 days, with 80.1% of patients tak-
ing clopidogrel for more than 3 months,
66.2% taking clopidogrel for more than
6 months, 52.1% taking clopidogrel for
more than 9 months, and 34.8% tak-
ing clopidogrel for more than 12
months.

Mean (SD) follow-up after stopping
treatment with clopidogrel among the
medically treated patients was 196

©2008 American Medical Association. All rights reserved.
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(152) days; median was 155 (interquar-
tile range, 98-254) days. All-cause mor-
tality (n=155) or AMI (n=113) oc-
curred in 17.1% (n=268) of patients,
with 60.8% (n=163) of events occur-
ring during 0 to 90 days, 21.3% (n=57)
occurring during 91 to 180 days, and
9.7% (n=26) occurring during 181 to
270 days after stopping treatment with
clopidogrel (FIGURE and TABLE 2).

The incidence rate per 1000 patient-
days of follow-up during each 90-day
interval after stopping treatment with
clopidogrel was 1.31 (95% confidence
interval [CI], 1.12-1.53 for 0-90 days),
0.69 (95% CI, 0.53-0.89 for 91-180
days), and 0.64 (95% CI, 0.44-0.94 for
181-270 days) (P<<.001 for compari-
son between the 3 time intervals). In
multivariable analysis, including ad-
justment for total duration of clopido-
grel treatment, the interval of 0 to 90
days was associated with significantly
increased risk of adverse events after
stopping treatment with clopidogrel
compared with the interval of 91 to 180
days (IRR, 1.98; 95% CI, 1.46-2.69)
(TABLE 3).

The findings of an increased risk of
adverse events associated with the in-
terval of O to 90 days were similar when
the AMI outcome alone was evaluated
(IRR, 2.39; 95% CI, 1.50-3.82). In ad-
dition, the increased risk for 0 to 90
days also was consistent among pa-
tients taking clopidogrel for 3 months
or less, 6 months or less, 9 months or
less, or more than 9 months after ACS
hospital discharge (Table 3). More-
over, the findings were consistent for
patients with and without diabetes
(Table 3).

The majority of patients had high
(36.2%) or intermediate (43.3%) lev-
els of statin adherence; and the find-
ings of increased adverse events asso-
ciated with the interval of 0 to 90 days
after stopping treatment with clopido-
grel was consistent even after adjust-
ing for statin adherence. A total of 326
patients (20.8%) had 1 or more outpa-
tient or inpatient codes for bleeding
during follow-up after their index ACS
admission. In sensitivity analysis ex-
cluding these patients, the increased

event rate in the initial 90-day interval
after stopping treatment with clopido-
grel remained consistent. Further, in the
propensity-matched cohort (n=1018)
analysis, the rate of increased adverse
events associated in the initial 90-day
interval following clopidogrel cessa-
tion compared with adverse events in
the subsequent interval of 91 to 180
days was consistent with the primary
findings among patients who took clo-
pidogrel for 6 months or less or for
more than 6 months.

In addition, for the entire cohort of
patients taking clopidogrel after hos-
pital discharge, the rate of adverse
events was 1.20 per 1000 patient-days
in the initial 90 days, which then de-
creased to a background rate of ap-
proximately 0.50 per 1000 patient-
days for the interval of 91 to 360 days.
In comparison, there was an increase
in the rate of adverse events following
clopidogrel cessation (1.31 per 1000 pa-
tient-days for the interval of 0-90 days)
among patients who were event-free
prior to stopping treatment with clo-
pidogrel. Therefore, the rate of ad-
verse events in the initial 90 days after
stopping treatment with clopidogrel
was higher than both the initial and
background rates of adverse events for
patients still taking clopidogrel, fur-
ther supporting a clustering of events
after clopidogrel cessation.

PCI-Treated Patients With ACS
Of the 2805 patients hospitalized for
ACS and who received PCI, there was
documentation in the chart that 2634
patients (93.9%) were to be dis-
charged with posthospital treatment
with clopidogrel. Of these patients,
2303 (87.4%) filled their prescription
for clopidogrel through the VA outpa-
tient pharmacy. Clopidogrel refill pre-
scription data was available on all of
these patients. During follow-up, 1569
stopped clopidogrel and were event-
free prior to stopping treatment with
clopidogrel, yielding the PCl-treated pa-
tient cohort for the study.

The mean (SD) age of the PCI-
treated patients was 63.5 (11.1) years,
and a sizeable proportion had a prior car-
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diac history and coexisting chronic con-
ditions (Table 1). Approximately two-
thirds of these patients (n=984; 62.7%)
received a bare metal stent while one-
third (n=585; 37.3%) received a drug-
eluting stent. The majority of patients re-
ceived a bare metal stent because the
study period spanned the time when the
drug-eluting stent was first introduced
into clinical practice. The mean (SD) du-
ration of clopidogrel therapy following
hospital discharge was 278 (169) days
and the median was 281 days, with
87.9% of the patients taking clopido-
grel for more than 3 months, 75.5% tak-
ing clopidogrel for more than 6 months,
59.5% taking clopidogrel for more than
9 months, and 36.8% taking clopido-
grel for more than 12 months.

Among the PCI-treated patients, the
mean (SD) follow-up after stopping
treatment with clopidogrel was 203
(148) days; median was 160 (interquar-
tile range, 109-262) days. The com-
bined end point of all-cause mortality
(n=68) or AMI (n=56) occurred in
7.9% (n=124) of the patients, with
58.9% (n=73) of the events occurring
during 0 to 90 days, 23.4% (n=29) oc-
curring during 91 to 180 days, and 6.5%
(n=8) occurring during 181 to 270 days
after stopping treatment with clopido-
grel (Figure and Table 2). The inci-
dence rate per 1000 patient-days of fol-
low-up during each 90-day interval after
stopping treatment with clopidogrel
was 0.57 (95% CI, 0.45-0.72 for 0-90
days), 0.33 (95% CI, 0.23-0.47 for 91-

180 days), and 0.19 (95% CI, 0.09-
0.37 for 181-270 days) (P<<.001 for
comparison between the 3 time
intervals).

In multivariable analysis, including
adjustment for total duration of clopi-
dogrel treatment following hospital dis-
charge, the interval of 0 to 90 days af-
ter stopping treatment with clopidogrel
was associated with a significantly in-
creased risk of adverse events com-
pared with the interval of 91 to 180 days
(IRR, 1.82;95% CI, 1.17-2.83) among
PCl-treated patients with ACS. Be-
cause the study spanned the time when
drug-eluting stents were first intro-
duced, only a minority of patients had
received a drug-eluting stent and there
was a small number of events after stop-

- __________________________________________________________________________________________]
Figure. Risk-Adjusted Instantaneous Incidence Rates of Death or AMI Over Time After Stopping Treatment With Clopidogrel Among
Medically Treated and PCI-Treated Patients With ACS Using Multivariable Cox Regression Models
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Table 2. Incidence of Death or Acute Myocardial Infarction Among Patients With Acute Coronary Syndrome Medically Treated or Treated
With Percutaneous Coronary Intervention (PCI) After Stopping Treatment With Clopidogrel

Medically Treated Patients

PCI-Treated Patients

1 [
Incidence Rate

1
Incidence Rate

No. of per 1000 Patient-Days No. of per 1000 Patient-Days
No. at Risk Events (95% Cl) No. at Risk Events (95% ClI)
Period, d@
0-90 1568 163 1.31 (1.12-1.53) 1569 73 0.57 (0.45-0.72)
91-180 1212 57 0.69 (0.53-0.89) 1279 29 0.33(0.23-0.47)
181-270 582 26 0.64 (0.44-0.94) 630 8 0.19 (0.09-0.37)
271-360 363 5 0.19 (0.08-0.45) 366 5 0.18 (0.08-0.44)
361-450 238 8 0.46 (0.23-0.93) 237 4 0.24 (0.09-0.63)

Abbreviation: Cl, confidence interval.

aThere were 9 events and 5 events in the medically treated and PCl-treated groups, respectively, in the time interval of more than 450 days.
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ping treatment with clopidogrel among
patients with a drug-eluting stent
(n=42), limiting the ability to per-
form multivariable subgroup analysis;
however, there was a similar trend of
increased adverse events (n=23) in the
0 to 90 days after stopping treatment
with clopidogrel for patients with a
drug-eluting stent. Among the patient
subgroup with a bare metal stent, the
findings of increased risk of adverse
events in the interval of O to 90 days af-
ter stopping treatment with clopido-
grel were consistent with the overall re-
sults (IRR, 2.14; 95% CI, 1.23-3.74).

COMMENT

To our knowledge, this is the first study
to evaluate patterns of adverse events
after clopidogrel cessation in a na-
tional cohort of patients with ACS. In
particular, we were able to study medi-
cally treated ACS patients, allowing for
assessment of adverse events after stop-
ping treatment with clopidogrel with-
out the confounding factor of a coro-
nary stent. We found a clustering of
significantly higher risk of death or AMI
in the initial 90-day period after stop-
ping treatment with clopidogrel com-
pared with later follow-up intervals.
These findings were consistent among
patient subgroups including those who
took shorter vs longer durations of clo-
pidogrel therapy, among patients with
and without diabetes, as well as among
PCl-treated ACS patients. In addition,
the rate of adverse events in the initial
90-day interval after stopping treat-
ment with clopidogrel was higher than
the rate of adverse events following hos-
pital discharge while patients were still
taking clopidogrel. These findings sup-
port the hypothesis of a rebound hy-
perthrombotic period after stopping
treatment with clopidogrel and high-
light the need for additional studies to
confirm these findings, to better un-
derstand the pathophysiology of this
phenomenon, and to identify strate-
gies to attenuate this effect.

There is in vitro and physiological evi-
dence to support a short-term increase
in platelet activation and associated
thrombotic risk immediately after stop-
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]
Table 3. Adjusted Incidence Rate Ratios From Multivariable Regressions for the Outcome of
Death or Acute Myocardial Infarction Comparing the Periods of O to 90 Days vs 91 to 180

Days After Stopping Treatment With Clopidogrel

Adjusted Incidence

No. of Rate Ratio

Patients (95% Cl)2
Medically treated 1568 1.98 (1.46-2.69)
Clopidogrel =90 d 312 2.13(1.36-3.32)
Clopidogrel =180 d 530 2.20 (1.49-3.26)
Clopidogrel =270 d 751 2.00 (1.41-2.85)
Clopidogrel >270 d 817 1.79 (0.96-3.34)
Diabetes 376 2.37 (1.34-4.19)
No diabetes 1192 1.75 (1.22-2.52)
Acute myocardial infarction outcome only 158 2.39 (1.50-3.82)
Treated with percutaneous coronary 1568 1.82 (1.17-2.83)

intervention

Bare metal stent 984 2.14 (1.23-3.74)

Abbreviation: Cl, confidence interval.
2 Adjusted for variables listed in Table 1.

ping antiplatelet therapy. Serebruany et
al*® noted increases in platelet activity
as assessed by conventional aggregom-
etry, Ultegra analyzer readings, expres-
sion of glycoprotein 1Ib/Illa, P-
selectin, and platelet endothelial cell
adhesion molecules following with-
drawal of nonsteroidal anti-inflamma-
tory drugs and cyclooxygenase 2 inhibi-
tors. In addition, 2 other studies found
significant increases in prothrombotic
and proinflammatory platelet activity fol-
lowing cessation of clopidogrel or pra-
sugrel among patients receiving dual an-
tiplatelet therapy.>*” While additional
studies are warranted to confirm the
mechanism, our study provides epide-
miological evidence consistent with cur-
rent physiological data of rebound plate-
let activation following clopidogrel
withdrawal.

The results of this study add to the
literature supporting a rebound phe-
nomenon following antiplatelet agent
withdrawal. In particular, the results
compliment prior aspirin studies in
which cessation of use was associated
with an increased risk of cerebrovas-
cular and cardiac events compared with
continuous aspirin use.” However, as-
pirin is generally recommended for in-
definite use in cardiac patients whereas
clopidogrel is recommended for a spe-
cific course of therapy, enhancing con-
cern regarding a potential rebound
effect.

The results of this study also compli-
ment the Single High-Dose Bolus Tiro-
fiban and Sirolimus-Eluting Stent vs Ab-
ciximab and Bare-Metal Stent in
Myocardial Infarction (STRATEGY)
study, which reported a clustering of
death or nonfatal M1 in the first 30 days
after stopping thienopyridine therapy
among patients treated with a drug-
eluting stent or bare metal stent for ST-
elevation MI, consistent with our data.'”
Limitations of the STRATEGY study in-
cluded small sample size (n=175), rela-
tively short duration of thienopyridine
treatment (approximately 6 months),
and patients received a coronary stent,
suggesting a mechanism related to the
stents as the likely etiology of adverse
events. Because we observed an in-
crease in the incidence of adverse events
following clopidogrel cessation among
medically treated patients with ACS
without a stent, a mechanism unre-
lated to stenting is implicated. Taken to-
gether, the findings of our study coupled
with prior studies on aspirin, the
STRATEGY study, and physiological
studies support the hypothesis of a re-
bound phenomenon after stopping treat-
ment with clopidogrel.

There are other potential explana-
tions for the increased number of early
adverse events after stopping treat-
ment with clopidogrel noted in our
study. For some patients, the clinician
may have stopped clopidogrel early due
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to clinical deterioration, other reasons
such as bleeding, or both. These pa-
tients still could have unstable plaques
following recent ACS hospitalization and
withdrawal of effective anti-platelet
therapy could lead to increased throm-
botic risk. However, this is unlikely the
case for the majority of patients in our
study because more than 80% of pa-
tients took clopidogrel for at least 3
months. Moreover, secondary analysis
excluding patients with bleeding events
after index ACS hospitalization did not
alter the primary findings. Further-
more, the magnitude of risk in the
initial 90 days following clopidogrel
withdrawal was consistent whether
patients took clopidogrel for 3, 6, 9, or
more than 9 months, supporting that
the association was independent of the
clopidogrel treatment duration. Fi-
nally, patient nonadherence to therapy
may potentially explain increased events
following clopidogrel withdrawal.
However, we adjusted for statin adher-
ence in our multivariable analyses
and the increased event rate in the in-
terval of 0 to 90 days after stopping treat-
ment with clopidogrel was consistent,
further reinforcing the primary study
findings.

Limitations

There are important considerations in
interpreting the results of this study. As-
certainment of clopidogrel use was
based on pharmacy dispensing data.
However, we had detailed pharmacy use
data for the majority of patients; and
pharmacy dispensing data are a vali-
dated measure of medication adher-
ence and is strongly correlated with a
broad range of patient outcomes.?**
Second, our cohort was predomi-
nantly male veterans and our findings
should be replicated in other cohorts.
However, this was a real-world cohort
for a large integrated health care deliv-
ery system. Third, we did not have data
on cause-specific mortality or recur-
rent MI events outside the VA. How-
ever, we had complete ascertainment
of vital status, and the association be-
tween increased MI events and the in-
terval of O to 90 days after stopping
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treatment with clopidogrel was consis-
tent with our mortality findings, sup-
porting a cardiac-specific cause for the
events. Moreover, we would expect that
recurrent hospitalizations for MI out-
side the VA would tend to bias the re-
sults toward the null.

Fourth, we do not have information
on reasons for stopping treatment with
clopidogrel, but potential reasons in-
clude the end of the prescribed
course—the expected reason for most
of the patients—or the occurrence of
complications from the medication,
such as bleeding. When we excluded
patients with bleeding in the second-
ary analyses, the results did not change.
Future prospective studies should as-
sess the reasons for clopidogrel cessa-
tion as well as determine the mecha-
nisms of early adverse events. Future
studies also should assess event rates
after stopping treatment with clopido-
grel among patients taking longer du-
rations of therapy (eg, >12 months),
and among patients with drug-eluting
stents given the small proportion of pa-
tients with drug-eluting stents in our
cohort.

Fifth, we excluded the small propor-
tion of patients who had an event while
receiving treatment with clopidogrel be-
cause these events were unrelated to a
potential rebound effect. This exclu-
sion may have resulted in a lower risk
study population, but we did not have
adequate numbers of these patients or
follow-up (because such patients of-
ten start a new course of clopidogrel)
to evaluate them as a subgroup. Fi-
nally, as with any retrospective cohort
study design, we cannot conclude cau-
sality and suggest that additional stud-
ies are needed to confirm the associa-
tion found in our study of an increase
in adverse events after stopping treat-
ment with clopidogrel.

Clinical Implications

There are several potential implica-
tions of this study. Even though the ab-
solute event rates were low, the rela-
tive increase in adverse events in the
early period after stopping treatment
with clopidogrel was nearly 2-fold

higher than later periods. In addition,
the absolute number of adverse events
attributable to this event clustering is
significant when extrapolated to a
population level, considering the num-
ber of patients admitted with ACS and
discharged with posthospital treat-
ment with clopidogrel therapy both in
the United States and worldwide.*
These findings, however, do not nec-
essarily offset the benefits of clopido-
grel therapy. Rather, additional studies
are needed to confirm the presence of
the event clustering after cessation of clo-
pidogrel and to better understand the
pathophysiology of this phenomenon.
If these findings are subsequently con-
firmed, guideline recommendations may
need to be reconsidered in terms of du-
ration of clopidogrel therapy and per-
haps the means of drug cessation. One
consideration would be to continue clo-
pidogrel for an extended period or in-
definitely, like aspirin, to avoid the po-
tential rebound effect. However, such a
recommendation would need to con-
sider the increased risk of bleeding with
prolonged dual antiplatelet therapy as
well as the cost-effectiveness of such a
strategy.’'** Alternatively, various strat-
egies could be evaluated to attenuate the
rebound effect, such as tapering of clo-
pidogrel therapy, bridging clopidogrel
cessation with higher dose aspirin for a
given period, or using alternative anti-
platelet regimens such as ticlopidine.*
All of these potential approaches would
require formal study before any spe-
cific recommendation could be made.
In conclusion, we observed a higher
incidence of death and AMI during the
initial 90-day period after stopping treat-
ment with clopidigrel in a national co-
hort of medically treated and PCI-
treated patients with ACS. The findings
of this study, coupled with prior physi-
ological studies, support the hypoth-
esis of a possible clopidogrel rebound
effect from rebound platelet activation
following clopidogrel withdrawal, al-
though we did not have information on
cardiovascular mortality or reasons for
stopping treatment with clopidogrel.
These results highlight the need for ad-
ditional studies to confirm the cluster-
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ing of events after stopping clopido-
grel, to confirm the mechanism of this
phenomenon, and if confirmed, to iden-
tify strategies to attenuate this effect.
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patients had intermediate to high levels of statin adherence
in our study. Also, we included a sensitivity analysis ex-
cluding patients with any bleeding complications (for whom
aspirin as well as clopidogrel would likely have been dis-
continued) and found results similar to the main analysis.
Finally, for the small group of patients filling aspirin pre-
scriptions through the pharmacy at the VA Medical Cen-
ter, we assessed the risk of events among those who con-
tinued aspirin after stopping clopidogrel (n=532). The risk
of early adverse outcomes was similar to the overall cohort
(incidence rate ratio, 1.98;95% CI, 1.25-3.14), further sup-
porting the main results.

Nonetheless, we view our findings as the first in a line of
research, and future studies will need to specifically evalu-
ate concomitant aspirin use. Such studies will likely need
to be prospective because most pharmacy data do not ad-
equately capture aspirin use given its wide availability over
the counter.

P. Michael Ho, MD, PhD
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John S. Rumsfeld, MD, PhD
Denver VA Medical Center
Denver, Colorado
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Looking Back on The House of God

To the Editor: I enjoyed the Literatim essay on The House
of God by Dr Markel." As a senior medical student in 1979,
L also eagerly read this book. Its seemingly exaggerated per-
spective was disturbing, engaging, and entertaining.

As a first-year internal medicine resident at a large county
medical center in 1980, I tried to reread The House of God
but found it too painful. What I had perceived as exaggera-
tion as a medical student now cut too close to the bone. The
physical and emotional exhaustion I felt facing more than
100 hours per week on the wards, trying to manage too many
patients with complex serious illnesses, experiencing deaths
and losses without adequate time to grieve, transformed me
into Roy Basch. Even now, it is hard to relive those expe-
riences.

Privately, I too used derogatory terms to describe patients,
and I believed on one level that “they could always hurt you
more.” But I also had the insight that this venting among peers
was a reflexive and useful defense mechanism.

Humor has always been a key strategy for maintaining
mental health in pathological situations. The House of God
was written during a preresidency training reform era when
sleep was a luxury. One vivid memory of internship is sit-
ting with a fellow intern in the early morning hours of a bad
call night, looking out the hospital windows to the parking
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lot below, and hearing him say, “Thank God there’s bars on
these windows.”

There is a vast difference between venting discomfort
among colleagues and providing suboptimal care or poten-
tial harm to those we “took an oath to heal.” I believe I be-
came more humane from the experience. This was an era
before advance directives, and during one particularly pain-
ful rotation T had the misfortune of working with an attend-
ing whose sole goal seemed to be extending life at all costs.
There was no such thing as a “no code,” and patients who
were terminally ill and suffering were routinely resusci-
tated if they experienced a cardiopulmonary arrest. After my
first week on the service, my goal was to meet with family
members to help them understand that they did have a say
in the care their loved one received.

I appreciate Markel’s concerns but apparently do not feel
as guilty as he.

Alan R. Katz, MD, MPH
katz@hawaii.edu

Department of Public Health Sciences
John A. Burns School of Medicine
University of Hawaii

Honolulu

Financial Disclosures: None reported.

1. Markel H. The House of God: 30 years later. JAMA. 2008;299(2):227-229.

In Reply: I appreciate Dr Katz reflecting on his own re-
sponses to this book.

Howard Markel, MD
howard@umich.edu

University of Michigan Medical School
Ann Arbor

Financial Disclosures: None reported.

CORRECTION

Incorrect Data: In the Original Contribution entitled “Incidence of Death and Acute
Myocardial Infarction Associated With Stopping Clopidogrel After Acute Coro-
nary Syndrome" published in the February 6, 2008, issue of JAMA (2008;299[5]:
532-539), some numbers were incorrectly reported. On page 532, in the fourth
line of Results section in the abstract, the mean (SD) duration of clopidogrel treat-
ment among medically treated patients should be “278 (169) days."” Also in the
Results section in the abstract, line 12, the mean (SD) duration of clopidogrel treat-
ment among patients treated with percutaneous coronary intervention should be
“302 (151) days."” On page 535, column 1, second full paragraph under the head-
ing “Medically Treated Patients With ACS," line 3, the mean (SD) age should be
"68.5 (11.7) years." Also in that paragraph, line 10, the mean (SD) duration of
clopidogrel therapy following hospital discharge among medically treated pa-
tients should be “278 (169) days" and the median should be “281 days.” On page
536, column 1, line 12, the mean (SD) duration of clopidogrel therapy following
hospital discharge should be “302 (151) days" and the median should be “310
days.” On page 537, Table 3, in the eighth row in the table, “Acute myocardial
infarction outcome only,” the value in the second column under “No. of Pa-
tients” should be changed from “158" to “1568." The next row in the table,
“Treated with percutaneous coronary intervention,” the value in the second col-
umn under “No. of Patients” should be changed from “1568" to “1569."
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