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Abstract

The optimal duration of dual antiplatelet therapy (DAPT) after drug-eluting stent (DES)
implantation is an important, unanswered question. This study was designed to evaluate the
association of varying durations of DAPT on clinical outcomes after DES implantation for the
treatment of coronary artery disease. Using the National Heart, Lung and Blood Institute (NHLBI)
Dynamic Registry, patients enrolled in the last two waves after index percutaneous coronary
intervention (PCI) with DES and who were event free at time of landmark analysis were included.
Landmark analysis was performed at 12 and 24 months after PCI and patients stratified according
to continued use of DAPT or not. Subjects were evaluated for rates of death, myocardial infarction
(M1) and stent thrombosis (ST) at 4 years from their index procedure. The number of evaluable
patients was 2157 and 1918 for the 12- and 24-month landmarks, respectively. In both landmark
analyses, there was a significantly lower 4-year rate of death/MI in the group that continued
DAPT compared to the group that did not (12-month: 10.5% vs. 14.5%, p=0.01; 24-month: 5.7%
vs. 8.6%, p=0.02). Beneficial differences in the group that continued on DAPT were preserved
after multivariate and propensity adjustment. There were no significant differences in definite
stent thrombosis in either landmark analysis. In conclusion, at 12-months and 24-months
following DES implantation, continued use of DAPT, was associated with lower 4-year risk of
death and myocardial infarction.
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INTRODUCTION

The optimal duration of dual antiplatelet therapy (DAPT) after implantation of drug-eluting
stents (DES) is unclear.1~3 Based upon the initial randomized clinical trials of the first-
generation DES, the Food and Drug Administration and ACC/AHA Guidelines initially
recommended DAPT for 6 months with paclitaxel-eluting (Taxus) stents and 3 months with
sirolimus-eluting (Cypher) stents.4-8 Because of studies that suggested that patients who
received 1-year of clopidogrel therapy after DES implantation had better survival at 2-years
compared to those who received therapy for a shorter duration, current guidelines now
recommend at /east 1-year of DAPT for patients who receive a DES if they are not at high
risk for bleeding many advocated for extending the duration of DAPT.”12 Subsequently,
several reports revealed conflicting information regarding the benefit of DAPT beyond one
year after DES implantation.3 13-15 Other recent data from the PRODIGY and
EXCELLENT trials suggest that shorter DAPT duration may be safe in selected patients. 14
Since the duration of DAPT is still largely driven by individual physician and/or patient
preference rather than evidence, we sought to determine the effect of varying durations of
DAPT in unrestricted clinical practice upon 4-year rates of death, myocardial infarction
(M1), and stent thrombosis after drug-eluting stent implantation.

METHODS

The National Heart, Lung and Blood Institute (NHLBI) Dynamic Registry is a multicenter
North American registry that has been described in detail previously.1® Each center received
institutional review board approval. Five recruitment waves of approximately 2000 patients
each have been enrolled and were followed. Only Waves 4 5 are included in these analyses
since these were the waves in which DES were available. Patients in these two waves were
recruited in 2004 and 2006, respectively.

Patients who underwent successful implantation of at least one DES during their index PCI
and who were discharged on clopidogrel and aspirin were considered eligible for analysis
(Supplemental Figure 1). Patients who reported DAPT discontinuation and subsequently
resumed it at a later time-point in follow-up were excluded. Patients who received a
combination of bare-metal stents (BMS) and DES were included in the analysis given that
the duration of DAPT would be driven by the placement of the DES.

Data on baseline demographic, clinical, angiographic, and procedural characteristics during
the index PCI, as well as the occurrence of death, myocardial infarction, and the need for
repeat revascularization were collected. At each follow-up time-point, patients were asked to
provide information regarding their medications. If the patients discontinued clopidogrel
they were asked the reason. With the use of the Social Security Administration’s Death
Master File (www.ntis.gov/products/ssa-dmf.asp), coordinators evaluated the vital status of
patients who were lost to follow-up. If patients underwent subsequent repeat
revascularization (either PCI or CABG), vessel-specific and lesion-specific data were
collected whenever possible.

Landmark analysis allows for selecting patients who are “event free” at a specific time point
following the index procedure and then following them forward. “Event-free” is defined as
absence of death, non-fatal myocardial infarction, or repeat revascularization. We analyzed
the data using 12-month and 24-month landmarks (Figure 1) and evaluated outcomes at 4-
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years from the index procedure stratified by use of DAPT. Individuals in whom there was
insufficient information regarding their DAPT at either landmark time point were excluded
from the analysis.

The primary endpoints were death and MI and the secondary endpoint was repeat
revascularization. 16 At all landmark points, patients were stratified by whether they
continued the use of DAPT or not and descriptive statistics were summarized as mean for
continuous variables and percentages for categorical variables.

Differences between proportions were assessed by the chi-square test or Fisher’s exact test
and continuous variables were compared by Wilcoxon nonparametric tests. Similar methods
were used for lesion-level analyses. Unadjusted cumulative event rates for adverse outcomes
at three years, for every landmark point, were calculated by the Kaplan—-Meier method,
plotted and compared using the log rank statistic. Patients who did not experience the
outcome of interest were censored at the last known date of contact or at four years if
contact extended beyond four years.

The independent associations between DAPT use and 4-year death and death/M1 was
examined in two ways: (1) Cox proportional hazards methods provided point estimates
adjusted for important variables identified by forward stepwise selection (entry P-value
criterion of <0.15, retain criteria of <0.05). Variables included in the model included
demographic ones (age, renal disease, pulmonary disease, history of heart failure, cancer),
procedural ones (graft lesions, total occlusions, and calcified lesions), and discharge
medications); (2) A propensity score approach was used to balance factors associated with
the type of therapy. The estimated propensity score for continuation of DAPT was obtained
from the fit of a logistic regression model for which demographic, angiographic, and
procedural characteristics as well as discharge medications were considered. The
proportionality assumption was assessed and met for all Cox proportional hazards models.
Hazard ratios with corresponding 95% confidence intervals are reported. All statistical
analyses were performed with SAS, version 9.2, and a two-sided p-value of 0.05 or less was
considered for statistical significance.

We identified 3130 patients that received at least one DES and who were discharged on
DAPT with aspirin and clopidogrel. For the 1-year landmark analysis (Figure 1), 973
patients were not included in the analysis because they either experienced an adverse event
during the first year following their index PCI [death 95, nonfatal MI 120, or repeat
revascularization 242] or there was insufficient information regarding DAPT use. As a
result, the 12-month landmark group included 2157 patients with 1484 (69%) who were
continuing their DAPT use at 1 year and 673 (31%) who were not. For the 24-month
landmark analysis (Figure 1), 1212 of the 3130 DES-treated patients discharged with aspirin
and clopidogrel were not included in the analysis because they either suffered an event
[death 185, nonfatal MI 154, or repeat revascularization 327] during the two years following
their index PCI or there was insufficient information regarding DAPT use. Accordingly, the
24-month landmark group included 1918 patients with 1007 (53%) who were continuing
their DAPT use at 2 years and 911 (47%) who had discontinued DAPT by 2 years. At the 12
month landmark, the subjects that continued DAPT included 24% of the Wave 4 subjects
and 44% of Wave 5 subjects. At the 24 month landmark, the subjects that continued DAPT
included 17% of the Wave 4 subjects and 35% of Wave 5 subjects.

Table 1 provides baseline characteristics for each landmark assignment. The mean age of the
group that continue DAPT was slightly but significantly lower than the group that did not
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continue DAPT. For both landmark time points, patients on DAPT had a higher prevalence
of diabetes and hyperlipidemia, although these differences were small. For both analyses,
patients on DAPT more often had a history of prior PCI.

For the group that did not continue DAPT, reasons for cessation of clopidogrel was only
available in patients from Wave 5 (Supplemental Table 1a and b). In this wave,
discontinuation of clopidogrel was physician-mediated in approximately 90% of patients
and due to non-compliance in only about 5% of patients.

With respect to lesion and procedural characteristics (Table 1), at both landmarks only
minor differences were noted in procedural indications while there was a greater prevalence
of multi-vessel CAD and implantation of more than one DES among those patients who
continued on DAPT. There were no significant differences at either landmark time point
with respect to use of glycoprotein I1b/Illa inhibitor use, number of lesions attempted,
reference vessel size, lesion length or ACC/AHA lesion type classification. There were no
differences with type of DES utilized. Procedural success was high in both groups and rates
of peri-procedural bleeding were similar. There were no important differences in
medications utilized upon discharge, except that more patients who discontinued DAPT
earlier had been discharged on coumadin.

For the entire cohort of 3130 patients who were treated with a DES and discharged on
DAPT, the 4-year cumulative rates of death, myocardial infarction, repeat revascularization,
and stent thrombosis were 9.1%, 7.5%, 18.8%, and 1.4%, respectively.

Figure 2a shows the 4-year Kaplan-Meier curves for death and M1 for patients in the 12-
month landmark analysis. Those who continued on DAPT had a significantly lower risk for
4-year death and MI compared to those who did not (10.5% versus 14.5%, p=0.01). One-
year following the landmark, the differences between the 2 groups were small and non-
significant; however, the benefit of continuation of DAPT was most appreciated with
longer-term follow-up. Overall, for the group that did not continue DAPT, the annual rates
of death or myocardial infarction was approximately 4.7%/year while the group that
continued on DAPT had an annual event rate of 3.6%/year. The cumulative event rates for
the 12-month landmark groups are shown in Table 2a. Risk for death was lower in the group
that continued DAPT; however, the rate of repeat revascularization in the 2 years following
the landmark was higher in these patients. No significant differences were noted in rates of
definite stent thrombosis between the group that continued on DAPT and that did not.

Figure 2b shows the 4-year Kaplan-Meier curves for death and M1 for the patients in the 24-
month landmark analysis. Similar to the observations for the 12-month landmark analysis,
patients who continued on DAPT at 24-months experienced less 4-year death and
myocardial infarction compared to those who discontinued DAPT by 24-months (5.7%
versus 8.6%, p= 0.02). Consistent with the observations in the 12-month landmark analysis,
the benefit of DAPT was most appreciable with longer term follow-up. In the 24-month
landmark, for the group that did not continue DAPT, the annual rates of death or MI was
approximately 4.2%/year while the group continuing DAPT had an annual event rate of
2.8%/year of death and MI. The cumulative event rates for the 24-month landmark groups
are shown in Table 2b. Again there was a significantly lower risk for death in the group that
continued DAPT (4.1% versus 6.9%, p=0.007). Similar to the 12-month landmark, there
were significant differences in rates of repeat revascularization between the 2 groups in the 2
years following this landmark. There were no significant differences in stent thrombosis
between the groups.

As seen in Figure 3, the adjusted Cox 4-year mortality for patients who continued on DAPT
at 12-months compared to those who did not was lower (HR 0.72, 95% CI 0.53-0.98,
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p=0.04) and there was a 28% relative risk reduction for the combined endpoint of death and
myocardial infarction (HR 0.72, 95% CI 0.55-0.93, p=0.01). The adjusted risk for 4-year
death in the 24-month landmark assignment was also lower (HR 0.60, 95% CI 0.40-0.91,
p=0.02) with a 36% reduction in death/MI (HR 0.64, 95% CI 0.45-0.92, p=0.01). We also
performed a propensity-adjusted Cox analysis (Supplemental Figure 2), which confirmed the
association between continued DAPT and the adjusted relative risk reduction for all-cause
mortality (12-month landmark: HR 0.77, 95% CI 0.57-1.04, p=0.09; 24-month landmark:
HR 0.57, 95% CI 0.38-0.87, p=0.009) and the combined outcome of death/MI (12-month
landmark: HR 0.74, 95% CI 0.57-0.97, p=0.03; 24-month landmark: HR 0.64, 95% CI
0.44-0.91, p=0.01). Overall, continued dual DAPT showed benefit across many subgroups
(Supplemental Table 2), and we could not identify any subgroup in which longer DAPT was
hazardous.

DISCUSSION

Our study showed that, among patients treated with DES, there was a significant benefit in
all-cause mortality and the combined outcome of death and M1 associated with continued
use of DAPT compared to the discontinuation of DAPT at both the 12-month and the 24-
month landmark time points.

Our findings are in contrast to those of Park, Harjai, and Shin showing that DAPT use
beyond 12 months following DES implantation was not associated with any reduction in
mortality.13 14. 17 Their findings may have differed from ours for several reasons. First,
Park’s study was derived from merged data of two separate trials in which there was an
initial assumption of a 50% relative risk reduction in cardiac death and Ml and an expected
5% event rate. However, both trials had an exceptionally lower than expected number of
events with rates of death of only 0.5% and 1.5% at follow-up periods of 12-months 24-
months, respectively. Accordingly, Park’s study may have been underpowered to detect
differences between prolonged versus shorter DAPT use. Moreover, only 25% of the
patients from this study had 24-month follow-up which may have limited their ability to
detect differences in late outcomes. In the analyses by Harjai and Shin, although the rates for
death and MI were slightly higher than in Park’s study, these rates were still lower than
observed in our report. Our patient sample is derived from unrestricted DES use and may be
more reflective of general clinical practice. Also, the number of patients in these 2 studies
who received a DES was relatively small with only 1024 patients and 844 patients,
respectively.14 17 We observed mortality rates substantially higher than seen in these
studies; the overall 4-year all-cause mortality of 9.1% reported in our study following DES
implantation was consistent with other large studies with similar follow-up periods.18-20

Our results extend the findings from several previous reports which showed a benefit with
less death and MI associated with treating patients with DAPT beyond 1 year following
DES implantation.12 21 A reduction in death was the primary benefit of extended aspirin
and clopidogrel. The Duke Registry also found a modest reduction in nonfatal myocardial
infarction consistent with the strong trend in our report. Our results reinforce these prior
findings and extend them by demonstrating a significant death/MI benefit of continued
DAPT beyond 2 years following DES placement.

One proposed rationale for extended duration of DAPT is to prevent DES thrombosis, which
may be associated with both MI and death.10: 22 We observed no significant differences in
rates of definite stent thrombosis based on DAPT duration, and this is consistent with other
studies.12 13 However, our study was certainly not designed to be powered for detection of
differences in stent thrombosis given its rarity. Our results are in agreement with findings
from the Clopidogrel for the Reduction of Events During Observation (CREDO) trial and
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the Percutaneous Coronary Intervention-Clopidogrel in Unstable Angina to Prevent
Recurrent Events (PCI-CURE) trial which showed a benefit to 1-year of clopidogrel therapy
following PC1.23: 24

There are some limitations to our analysis. First, our study is an observational registry, and
although we adjusted for several variables, it is possible that residual confounding could
account for the observed differences between longer duration of DAPT use and shorter
durations. For example, we did not have data detailing anemia or bleeding, features known
to be associated with higher mortality. Patients with these conditions may be less likely to
receive prolonged DAPT.2% 26 Second, we did not have information delineating the exact
time and reason for cessation of DAPT in each subject. As a result, we could not link the
clinical events with the specific time of cessation of dual antiplatelet therapy. Finally, we
only evaluated the first generation of DES given timing of our enrollment. The ongoing
Dual Antiplatelet Therapy study will lend further insight into the nature of the benefit of
prolonged DAPT use, the impact upon rare events such as stent thrombosis, the differences
across the present-day array of DES, and the effect upon bleeding outcomes.2’

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Flow-Diagram of 12-Month and 24-Month Landmark Analyses
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Kaplan-Meier Curves for Death/Myocardial Infarction for 12-Month (Fig 2a) and 24-Month

(Fig 2b) Landmark Time Points
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Figure 3.

Adjusted relative risk for Death and Death/MI with Dual Anti-platelet Therapy at 12- and
24-Month Landmark Time Points
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Table 2a

Cumulative Unadjusted Event Rates for 4-year Follow-up in 12 Month Landmark Group

Dual Antiplatelet Therapy at 1 year

Variable No (N=911) Yes(N=1484) P value
Death 11.1% 7.9% 0.02
Myocardial Infarction 3.7% 3.8% 0.89
Death/Myocardial Infarction 14.5% 10.5% 0.01
Coronary bypass surgery or repeat percutaneous coronary intervention 6.6% 11.7% 0.0002
Stent Thrombosis 0.2% 0.8% 011
Coronary artery bypass surgery 1.6% 1.9% 0.65
Percutaneous coronary intervention after discharge 5.2% 10.1% 0.0001
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Table 2b

Cumulative Unadjusted Event Rates for 4-year Follow-up in 24 Month Landmark Group

Dual Antiplatelet Therapy at 2 years

Variable No (N=911) Yes(N=1007) P value
Death 6.9% 4.1% 0.0065
Myocardial Infarction 2.0% 2.0% 0.94
Death/Myocardial Infarction 8.6% 5.7% 0.02
Coronary bypass surgery or repeat percutaneous coronary intervention 4.6% 7.9% 0.005
Stent Thrombosis 0.1% 0.6% 0.12
Coronary artery bypass surgery 1.1% 1.0% 0.83
Percutaneous coronary intervention after discharge 3.6% 7.0% 0.001
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