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Abstract

Background—After coronary stent placement, whether dual antiplatelet therapy (DAPT) 

duration should be extended to prevent late stent thrombosis (ST) or adverse cardiovascular events 

is uncertain.

Methods—To define the reduction in ischemic events required to outweigh increased bleeding 

with longer-duration DAPT, we developed a decision-analytic Markov model comparing DAPT 

durations of 6, 12, and 30 months after DES. Separate models were developed for patients 

presenting with and without an acute-coronary syndrome (ACS). We used sensitivity analyses to 

identify the incremental benefit of longer-duration DAPT on either ST or the composite of cardiac 

death, myocardial infarction and ischemic stroke (MACCE) required to outweigh the increased 

risk of bleeding associated with longer DAPT. The outcome from each strategy was quantified in 

terms of quality-adjusted life years (QALYs).

Results—In the non-ACS population, in order for 30 months of DAPT to be preferred over 12 

months of therapy, DAPT would have to result in 78% reduction in the risk of ST (relative risk, 

RR, 0.22; 3.1 fewer events per 1000) and only a 5% reduction in MACCE (RR 0.95; 2.2 fewer 

events per 1000) as compared to aspirin alone. For the ACS population, DAPT would have to 

result in 44% reduction in the risk of ST (RR, 0.56; 3.4 fewer events per 1000) but only a 2% 

reduction in MACCE (RR 0.98; 2.3 fewer events per 1000) as compared to aspirin alone, for 30 

months of DAPT to be preferred over 12 months.

Address for Correspondence: Dr. Laura Mauri, 75 Francis St. Boston Massachusetts 02115, lmauri1@partners.org, Phone: 
617-732-8936; fax 617-525-8027.
*Co-First Authors

Disclosures
Dr. Galper reports receiving research grant support from the NIH training grant (T32 HL007604). Dr. Yeh reports receiving grant 
support from the National Heart, Lung, and Blood Institute (1K23HL118138) and the Hassenfeld Scholars Program, and consulting 
fees from Abbott Vascular and Gilead Sciences. Dr. Mauri reports grant support from Abbott, Boston Scientific, Cordis, Medtronic, 
Eli Lilly, Daiichi-Sankyo, Bristol-Myers Squibb, and Sanofi-Aventis, as well as consulting fees from Biotronik, Medtronic, and St. 
Jude. Dr. Cohen receives research grant support from Medtronic, Abbott Vascular, Boston Scientific, Astra-Zeneca, and Eli Lilly, and 
Daichii-Sankyo. Dr. Cohen also receives consulting fees from Medtronic, Abbott Vascular, Astra-Zeneca, and Eli Lilly.

HHS Public Access
Author manuscript
Am Heart J. Author manuscript; available in PMC 2016 February 01.

Published in final edited form as:
Am Heart J. 2015 February ; 169(2): 222–233.e5. doi:10.1016/j.ahj.2014.11.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—Small absolute differences in the risk of ischemic events with longer DAPT 

would be sufficient to outweigh the known bleeding risks.
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Introduction

While stent thrombosis (ST) is a rare event after percutaneous coronary intervention (PCI) 

with drug eluting stents (DES), the morbidity and mortality from ST remains high.1, 2 The 

use of dual antiplatelet therapy (DAPT) has been shown to reduce the rate of ST in the first 

few months after PCI with a DES but the effect of DAPT on late and especially very-late ST 

(VLST) is less certain.3, 4 The appropriate duration of DAPT after PCI with DES is 

therefore an area of ongoing investigation. While the association between longer treatment 

with DAPT and an increased risk of bleeding is well recognized, decreased risks of ischemic 

events such as stent thrombosis (ST) with longer duration DAPT are less evident,5–7 and 

recent studies that have compared short-term and long-term DAPT have been underpowered 

to detect differences in ST risk.8–13 Furthermore, adverse cardiovascular events, such as 

plaque rupture beyond the stented segment, are more frequent late events than ST, and it is 

therefore also important to consider the impact of potential risk reduction in cardiac death, 

MI, and stroke attributable to longer-duration DAPT.14, 15

Decision analysis is a tool for combining data from multiple sources that can be useful in 

guiding complex medical decisions, especially when there is uncertainty regarding one or 

more key parameters. The optimal duration of DAPT post-PCI is a complex medical 

decision that must balance the risks of bleeding on DAPT with the expected benefit in 

ischemic event reduction from DAPT. A decision analytic model that can simultaneously 

assess the risks of bleeding and ischemia on DAPT is ideally suited to determine the 

threshold risk reduction in ischemic events required to make longer-duration DAPT a 

preferred strategy. We, therefore, developed a decision analytic Markov model to compare 

DAPT durations of 6, 12, and 30 months post-PCI with DES in order to identify the 

magnitude of reduction in ischemic events that would outweigh the expected increased 

bleeding risk from longer-duration DAPT.

Methods

A Markov model simulates transitions between distinct health states that would occur over a 

lifetime in a cohort of patients undergoing a selected treatment strategy.16, 17 We derived 

treatment related morbidity and mortality probabilities from published literature, and 

assessed the outcome of treatment in terms of quality-adjusted life years (QALYs).

There is considerable uncertainty regarding whether there is an ischemic benefit with longer 

DAPT duration, either via reduction in stent-related events or ischemic events unrelated to 

the stent. Therefore, we did not seek to determine whether there is a benefit of longer-

duration DAPT. Our base-case model did not assume any benefit of DAPT on ischemic 

endpoint of ST or the composite of cardiac death, myocardial infarction and ischemic stroke 
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(MACCE). We used the decision analytic model to solve for the threshold of benefit of 

longer DAPT duration on either ST or MACCE that would be required to outweigh the 

increased risk of bleeding associated with longer-duration DAPT.

Patient Population

Our model was designed to be applied to a patient undergoing PCI with DES. As patients 

with and without ACS have different risks of ischemic and bleeding events post-PCI, we 

constructed separate decision analytic models for these populations.18 For the non-ACS 

population model patients were treated with DAPT for 6, 12, or 30 months following PCI. 

Since guidelines recommend 12 months of DAPT for any patient presenting with ACS,19 

only DAPT durations of 12 and 30 months were evaluated in the ACS population model. 

DAPT was assumed to be treatment with clopidogrel 75mg daily and low-dose aspirin. 

Where possible, the characteristics of the patient population were chosen to match those of 

contemporary population-based PCI registries.

Decision Model Structure

Figure 1A depicts the outcomes of the chosen strategy in the form of a decision tree. During 

the initial 6-month follow-up period, patients could experience non-cardiac death or cardiac 

death unrelated to ST. In the absence of these events, patients were at risk for ST or non-

fatal MI (non-ST related). All patients with stent thrombosis were assumed to suffer a fatal 

or non-fatal MI and were at risk of sudden cardiac death.3, 4 All patients were at risk of 

bleeding events, including fatal bleed, hemorrhagic stroke, major bleed (non-

cerebrovascular), minor bleed, as well as ischemic stroke.

During the ensuing 6-month periods, survivors of the first 6 months following the index 

procedure were at risk of the same events, in addition to background risks of non-cardiac 

and cardiac mortality. We assumed that patients could experience one ischemic and one 

bleeding event for every 6 months following the index PCI procedure.

The Markov model that describes potential health states and transitions after the index PCI 

on DAPT is depicted in Figure 1B. The specific health states that we considered included: 

(1) Survivors with ST; (2) Survivors with non-fatal MI; (3) Survivors with hemorrhagic 

stroke; (4) Survivors without events; and (5) Death. Each of these health states were further 

stratified according to the presence or absence of a prior major bleeding event, whether an 

individual was on DAPT, and the presence of a prior event requiring further DAPT (e.g. ST 

or non-fatal MI). In each health state, during each 6 month cycle, we modelled ST, non-fatal 

MI and ischemic stroke in addition to cardiac death and non-cardiac death as well as 

bleeding events. Upon completing the assigned DAPT duration without further ischemic 

events, patients were assumed to continue aspirin monotherapy for the remainder of their 

life. Patients surviving an ischemic event such as ST or non-fatal MI were assumed to return 

back to the original DAPT treatment strategy (e.g. further 12 months DAPT if in the 12 

month DAPT strategy). Patients who suffered a hemorrhagic stroke were assumed to be 

treated with aspirin alone in the long-term. Patients who suffered major or minor bleeding 

were continued on DAPT for the duration of the term. The model was run until all patients 

have died (lifetime horizon).
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Ischemic Events Estimates

To determine the probability of ischemic events post-PCI, separate meta-analyses of the 

literature on ischemic outcomes after PCI were performed for patients initially presenting 

with or without ACS (Table 1 and Supplemental Appendix). Studies that did not distinguish 

patients with and without ACS were not included. We observed in our meta-analyses that 

ischemic event probabilities other than VLST were relatively constant beyond 6-months 

after PCI. Thus, except for VLST, all 6-month ischemic event probabilities beyond 12 

months following PCI were assumed to be constant and identical to the 6–12 month event 

probabilities derived from meta-analyses (Table 1). The ischemic event probabilities beyond 

6-months after PCI were assumed to reflect the probabilities of ischemic events for patients 

off DAPT. The true effect of DAPT duration on the relative risk of ischemic events was not 

estimated from the literature and was the primary focus of our sensitivity analyses.

Bleeding Events Estimates

In order to determine the bleeding event probabilities for patients on and off DAPT we 

performed meta-analyses of the literature on bleeding outcomes for patients on DAPT and 

for patients on aspirin alone (Table 1; Supplemental Appendix). The severity of non-

cerebrovascular bleeding events was determined based on the Thrombolysis in Myocardial 

Infarction (TIMI) bleeding risk score. Event probabilities for TIMI major and TIMI minor 

bleeding post-PCI were determined from the literature and used as the probabilities of major 

and minor bleeding in our model (Table 1; Supplemental Appendix). Based on our meta-

analyses, we assumed that the probability of bleeding events beyond the first 6-months after 

PCI were constant (Table 1).

Relative Risks of Future Events

Estimates of the effects of ischemic events on subsequent risks of cardiac events and death 

and of the effects of bleeding events on short and long-term mortality were estimated from 

the literature and are shown in Table 2. We assumed a ST event was associated with a long-

term increase in future ST risk, and that both ST and MI were associated with an increased 

risk of long-term cardiac death.2, 17, 20, 21 Patients with major bleeding on DAPT were 

assumed to have an increased risk of recurrent bleeding on DAPT (Table 2).22 While some 

studies suggest an association between periprocedural bleeding and future non-cardiac 

death,23–25 this remains uncertain, as patients who suffer periprocedural bleeding events 

may also have more comorbidities placing them at higher risk of non-cardiac death.26, 27 In 

our base-case model, we did not assume an increased risk of future non-cardiac death in 

patients with prior non-cerebrovascular major bleed, but in sensitivity analysis we explored 

the impact of varying degrees of increased risk of death related to major bleeding.

Quality-of-Life Adjustments

The outcomes of each treatment strategy were quantified in terms of QALYs over a patient’s 

lifetime. In this context, 1 year of life without stable angina, revascularization, stroke, or 

prior MI was assumed to be a year of perfect health and was assigned a value of 1.0 QALY. 

Patients who entered the ACS and non-ACS model were assigned a baseline quality of life 

consistent with the quality of life of individuals undergoing PCI in the setting of MI (0.85) 
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or in the setting of stable coronary artery disease (0.92) respectively (Table 3).28, 29 

Subsequent ischemic and bleeding events in the model resulted in a disutility, applied during 

the year in which the event occurred (Table 3).30–33 Both hemorrhagic and ischemic stroke 

were assumed to result in a life-long reduction in utility (Table 3).30, 33

Primary Analysis

Our main objective was to determine the threshold relative risk of ST and MACCE 

associated with longer as compared with shorter-duration DAPT that would outweigh the 

increased risks of bleeding and its consequences. We therefore performed one-way 

sensitivity analyses in which we varied the relative risk of ST or MACCE associated with 

DAPT. Individual components of MACCE were assumed to vary equally in the sensitivity 

analyses. Relative risks of ST and MACCE were defined as the ratio of risk on DAPT versus 

aspirin alone. For each of the DAPT duration strategies we calculated quality adjusted life 

expectancy (QALE) and considered the strategy associated with a higher value to be 

preferred.

Additional Sensitivity Analyses

Because our model was based on a number of assumptions, we performed additional 

deterministic sensitivity analyses to examine whether and how plausible variations in these 

assumptions and risks would alter our findings. To evaluate the sensitivity of this analysis to 

assumptions regarding bleeding, we performed two-way sensitivity analyses in which we 

varied the relative benefit required from longer-DAPT duration in terms of a function of an 

increasing relative risk of bleeding.

To determine the effect of the variation in each input value on the model outcomes, we 

performed multiple simultaneous one-way sensitivity analyses in which we varied the values 

for each of the model inputs based on the 95% confidence intervals of their expected values 

as reported in the literature. Microsimulations (1.5 million iterations) were performed over 

both a lifetime horizon and a 3-year time horizon (to simulate a randomized clinical trial 

scenario), in order to calculate cumulative ischemic and bleeding absolute risks and absolute 

risk reduction. Absolute risk reduction was defined as the risk difference in the outcomes of 

ST and MACCE between longer-duration and shorter-duration DAPT at the threshold 

relative risk.

The Markov model was designed, and all analyses were performed with TreeAge Pro Suite 

2014 software package (TreeAge Software, Inc., Williamstown, Massachusetts). All 

analyses were deterministic to identify thresholds rather than probabilities that one strategy 

or another would be optimal. Pooled estimates across publications were calculated with 

inverse variance weighting using Stata/SE 13.0 (StataCorp, College Station, Texas).
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Results

Threshold Risk Reduction in Ischemic Events from Longer-Duration DAPT Required to 
Overcome Bleeding Risk

The model predicted QALE for a typical 62-year old patient undergoing coronary 

revascularization with a DES was 16.656 years for the non-ACS population and 13.363 

years for the ACS population, assuming no benefit or risk of DAPT over aspirin. Under the 

assumption of no ischemic benefit of DAPT and base-case bleeding risks, the projected 

QALE with 12 months of DAPT was 16.639 years in non-ACS population and 13.345 years 

in the ACS population, and with 30 months of DAPT, the projected QALE was 16.625 and 

13.333 years, respectively.

Based on meta-analytic baseline event risks (Table 1) and a relative risk of bleeding events 

on DAPT of 1.7 (Table 2), the threshold relative risks of ST and MACCE that would be 

required to make longer duration DAPT preferred over shorter duration DAPT are shown in 

Table 4. Comparing 30-months versus 12-months of DAPT, the threshold relative risk for 

MACCE was 0.95 (absolute risk reduction 0.22%) for the non-ACS population and 0.98 

(absolute risk reduction 0.23%) for the ACS population, and the threshold relative risk for 

ST was 0.22 (absolute risk reduction 0.31%) for the non-ACS population and 0.56 (absolute 

risk reduction 0.34%) for the ACS population (Appendix Figures 1 and 2). For the non-ACS 

population the threshold relative risk for 12-months of DAPT to be preferred over 6-months 

of DAPT was 0.32 for ST (absolute risk reduction 0.10%) and 0.95 for MACCE (absolute 

risk reduction 0.05%).

Influence of Bleeding Risk on Ischemic Risk Reduction Required with Longer DAPT

As the relative risk of bleeding on DAPT as compared to on aspirin alone increases, the 

relative risk reduction in ST required to make longer-duration DAPT the preferred approach 

increases, and does so more substantially for the non-ACS than for the ACS population 

(Figure 2). In the ACS population, if the relative risk of all types of bleeding from DAPT 

over aspirin alone was greater than 2.61 (i.e. 54% increase above the base-case 

assumptions), no further risk reduction in ST would outweigh the increased bleeding risk 

and allow for 30-months of DAPT to be preferred over 12-months of DAPT. The 

comparable relative risk for the non-ACS population is 1.91 (13% increase above the base-

case assumption). However, increasing the relative risk of bleeding had a relatively small 

effect on the threshold risk reduction for MACCE required to make 30-months of DAPT the 

preferred strategy in either the non-ACS or ACS populations (Figure 2).

Sensitivity Analyses

We performed multiple one-way sensitivity analyses to demonstrate the relationship 

between plausible variations in model assumptions and the preferred DAPT duration 

strategy for the non-ACS and ACS models (Figures 3A and 3B). For both models, the most 

influential parameters were the probability of VLST, the risk of death attributable to ST, the 

relative risk of fatal bleeding and hemorrhagic stroke on DAPT as compared with aspirin 

alone, the risk of long-term non-cardiac death associated with major non-cerebrovascular 
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bleeding events, and the long-term utilities assigned to patients with ST and stroke (Figures 

3A and 3B).

Because the attributable risk of mortality following major bleeding is uncertain, we 

evaluated the sensitivity of our findings to variation in this parameter. Beyond a relative risk 

of death from a major non-cerebrovascular bleed of 2.81 (85% increase above the base-case 

assumption) in the ACS population or 1.84 (21% increase above the base-case assumption) 

in the non-ACS population, no relative risk reduction in ST with prolonged DAPT would 

outweigh the risk of bleeding. In contrast, the threshold relative risk of MACCE was less 

affected by changing assumptions of mortality following major bleeding. For example, at a 

relative risk of death from major non-cerebrovascular bleeding of 3.0 (97% increase above 

the base-case assumption), the relative risk in MACCE needed to outweigh the risk of 

bleeding would only need to decrease from 0.98 to 0.93 for the ACS population and from 

0.95 from 0.89 for the non-ACS population, respectively. When the disutility associated 

with non-cerebrovascular major bleeding events was increased ten-fold from 0.025 (Table 3) 

to 0.25, there was only a minimal effect on the required relative risk of ST to overcome the 

risk of bleeding on DAPT for both the ACS and non-ACS populations.

Discussion

Following coronary stenting, DAPT reduces not only stent thrombosis, but is also associated 

with reduction in future ischemic events beyond the stented coronary segment compared 

with aspirin alone.6, 7, 19, 34–36 While randomized trials have demonstrated that one-year of 

treatment with DAPT confers a reduction in the risk of recurrent ischemic events in patients 

treated for ACS, in patients without ACS, and in all patients beyond one year from PCI, the 

optimal duration of therapy is unknown.7, 35 Specifically, there is uncertainty as to the 

magnitude of reduction in the risk of ischemic events that can be anticipated from longer 

therapy, and whether the benefits of any such risk reductions outweigh the expected increase 

in bleeding risk.

Individual trials have examined DAPT duration after PCI with DES.8–13 While each 

completed study comparing durations of antiplatelet therapy has been powered to compare 

rates of bleeding between treatment arms, these studies have been relatively underpowered 

for the endpoint of ST.8–13 Furthermore, no trials have directly addressed the balance 

between ischemic benefit and bleeding, and many trials utilized combined endpoints such as 

net adverse clinical events in which bleeding and ischemic complications of various 

severities have been assigned uniform weights.9, 11 In fact even large trials that are 

adequately powered typically compare individual endpoints across treatment arms rather 

than reconciling the relative impacts of multiple potential events, ischemic and bleeding, per 

patient.37 In this study, we used decision analysis in order to reconcile events with varying 

rates and impacts on subsequent quality of life and life expectancy in order to compare 

treatment decisions.

Our analysis was designed to define what magnitude of risk reduction in either ST or 

MACCE would be sufficient to outweigh bleeding risk, as determined by quality-adjusted 

life expectancy. Under assumptions derived from the current literature, we found that 
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absolute risk differences in MACCE or ST of 0.2–0.4% would be sufficient to outweigh the 

increased risk of bleeding when comparing 30-months versus 12-months of DAPT. While 

recent studies have evaluated even shorter DAPT duration post-PCI,9–11 our analysis 

demonstrates that even smaller absolute risk differences in ST of 0.1% and MACCE of 

0.05% would be needed to outweigh the risk of bleeding to demonstrate that 12-months of 

DAPT is preferable over 6-month of DAPT. These results suggest that studies examining 

longer duration therapy should not conclude that a shorter-term DAPT strategy is non-

inferior to a long-term strategy unless they are powered to detect such differences in stent 

thrombosis or global ischemic endpoints. While few trials have been designed to detect 

differences on either of these types of endpoints of a magnitude of less than 0.5%, the DAPT 

Study, currently in follow-up, is powered to detect absolute risk differences of 0.275% for 

ST and 0.725% for MACCE over a 12–30 month period.37

Stent thrombosis has a profound impact on mortality and morbidity given its significant 

association with sudden death and a near universal association with myocardial infarction. 

Therefore, while it is a rare event, small absolute differences in stent thrombosis are 

clinically significant. Similarly, the occurrence of death, myocardial infarction, and stroke 

all have a major impact on QALE. Since these events, taken together, are nearly ten times as 

frequent as stent thrombosis (2.8% vs 21.2% at 3 years for ACS and 1.1% vs 9.3% at 3 years 

for non ACS, in our model), even small relative reductions in MACCE risk (e.g. a relative 

risk of 0.95) are projected to have an important impact on quality adjusted life expectancy, 

and even smaller relative reductions are meaningful in the setting of ACS (e.g. a relative risk 

of 0.98).

The estimated thresholds for risk reduction in ST or MACCE determined in our model are, 

however, sensitive to several factors including relative risk of bleeding, mortality 

attributable to bleeding, and baseline risks of late and very late ST, each of which are 

uncertain to varying degrees. Patients who suffer major bleeding events in the 

periprocedural period have an increased long-term risk of death, yet it remains uncertain 

what magnitude of long-term risk is directly attributable to bleeding independent of 

comorbidities that are associated with bleeding and mortality. While two smaller trials 

demonstrated that the adjusted hazard ratio for death post-PCI in patients suffering 

periprocedural bleeding may be as high as 3.5,23, 25 a study of over 400,000 patients 

undergoing PCI demonstrated that the adjusted upper limit of the 95% confidence interval 

for the hazard ratio for death in patients suffering periprocedural bleeding after PCI was 

1.40.24 We found that a relative risk of death from a non-cerebrovascular major bleeding 

event of over 2.0 for the non-ACS population and 3.0 for the ACS population would negate 

any benefit from ST risk reduction from longer-duration. In contrast, conclusions regarding 

MACCE were relatively insensitive to increasing the risk attributed to bleeding such that it 

was always possible to identify absolute and relative differences in MACCE that would 

overshadow the bleeding risks.

Our results are dependent on the absolute rate of events, and recent trials assessing newer 

generation DES have demonstrated lower absolute rates of ST compared with earlier 

generation DES.38, 39 It is expected that with lower absolute stent thrombosis risks, that the 
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relative risk reduction in ST needed to overcome the bleeding risk on DAPT would need to 

be greater.

Study Limitations

Our model inputs were based on meta-analyses of the literature on ischemic and bleeding 

event probabilities after PCI, and while we sought to quantify the impact of uncertainty on 

our model, the results should be interpreted in the context of the design of each of the 

studies included in the meta-analyses. While studies included in our meta-analysis contained 

robust patient follow-up for up to 12-months after PCI, the long-term model event 

probabilities were based on a limited number of studies. The observed risks of events post-

PCI are slightly different in patients presenting with ST-elevation MI and non-ST elevation 

MI, yet most of the data supporting the model was obtained from combined ACS 

populations. While it is possible that a patient could have multiple ischemic and bleeding 

events, we modeled only one ischemic and/or bleeding event within a 6-month time period. 

Additionally, we obtained data regarding risks from studies of clopidogrel and aspirin as 

DAPT, yet other anti-platelet agents such as prasugrel and ticagrelor may have a different 

risk benefit profile. The quality of life estimates in our model were based on relatively small 

studies.28–30, 32, 33 While we acknowledge the uncertainty in these quality of life estimates, 

we expect that the uncertainty would be relatively similar for both bleeding and ischemic 

utility estimates. We performed deterministic sensitivity analyses, assuming that all 

quantities are known with absolute precision, to estimate the magnitude of ischemic event 

reduction required to outweigh the expected bleeding risk on DAPT without making any 

assumptions of the expected magnitude of ischemic event reduction. As the results of 

ongoing clinical trials become available, uncertainty in these parameters can be incorporated 

in future analyses using this model structure. Furthermore, we addressed the inherent 

uncertainty in the reported data by conducting multiple sensitivity analyses related to the 

effect of the uncertainty of each of our model inputs on our overall outcomes (Figures 3A 

and 3B). Lastly, while our model is meant to assess outcomes for a global population of 

patients undergoing PCI, patient specific factors, such as age, bleeding risk, and likely 

adherence to medical therapy would play an important role in determining the optimal 

DAPT duration post-PCI for an individual patient.

Conclusion

On the basis of a decision analytic model incorporating the best data currently available we 

found that absolute reductions of less than 0.4% for ST or MACCE from DAPT would be 

sufficient to outweigh the bleeding risk from DAPT and make longer-duration DAPT after 

the implantation of a DES a preferred approach. These findings suggest that in order to 

compare treatment strategies where there are discordant risks of ischemia and bleeding, 

trials must be designed to have adequate power to identify differences in ischemic endpoints 

that might outweigh bleeding risks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Figure 1A: Decision tree representing the outcomes in the Markov model during a given 6-

month cycle.

Figure 1B State-transition diagram demonstrating transitions between health states in the 

Markov model.

The bubble diagram represents the transitions between the health states in the model. The 

Markov health states are represented in the ovals with arrows indicating movement between 

the states from one 6-month period to the next. All patients undergo therapy with DAPT 

based on the strategy (6, 12, or 30 months) and/or the presence of a prior event requiring 

further DAPT (e.g. ST or non-fatal MI) based on their original DAPT strategy. Each of the 

health states were further subdivided on the basis of presence or absence of a prior major 

bleeding event, but this is not shown for simplicity and brevity.

CVA = cerebrovascular accident, DAPT = dual anti-platelet therapy, MI = myocardial 

infarction, PCI = percutaneous intervention, ST = stent thrombosis
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Figure 2. 
(panels A–D) Two-way sensitivity analysis – Threshold relative risk (RR) of stent 

thrombosis (A and B) or MACCE (C and D) as a function of the risk of composite bleeding 

events (fatal-bleed, major and minor bleed, hemorrhagic stroke) on DAPT for DAPT 

durations of 12 versus 30 months in the non-ACS (A and C) and ACS (B and D) patient 

populations.

The threshold RR of ST on DAPT as compared to the RR of bleeding on DAPT is 

demonstrated for the non-ACS population (panel A) and ACS population (panel B), while 

the threshold RR of MACCE on DAPT as compared to the RR of bleeding on DAPT is 

demonstrated for the non-ACS population (panel C) and the ACS population (panel D). As 

the risk of bleeding events on DAPT increases, the threshold relative risk of stent thrombosis 

on DAPT decreases. For a given RR of bleeding for both ST and MACCE, a lesser relative 

risk reduction in ST is required for the ACS populations as compared to the non ACS 

population for 30 months of DAPT to be preferred over 12 months of DAPT after PCI. 

Based on our meta-analysis, the expected relative risk of bleeding on DAPT as compared to 

aspirin alone was 1.70. At this risk of bleeding, a RR of ST on DAPT of 0.22 in the non-

ACS population and 0.56 in the ACS population would be required to make 30 months of 

DAPT a favored approach (as denoted by the intersection of the vertical dashed line starting 

at a RR of bleeding of 1.70 and the horizontal line starting from the y-axis). Beyond a 

relative risk of bleeding on DAPT of 1.92 in the non-ACS population and 2.61 in the ACS 

population, no reduction in ST is sufficient to outweigh the bleeding risk. The required 

relative risk of MACCE on DAPT to make 30-months of DAPT preferred over 12-months 

of DAPT was 0.95 for the non-ACS (panel C) and 0.98 for the ACS (panel D) patient 

populations. Substantial increases in the risk of bleeding on DAPT had little effect on the 

threshold RR of MACCE needed to make longer-duration
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DAPT preferred. ACS = acute coronary syndrome, MACCE = major adverse cardiovascular 

and cerebrovascular events, RR = relative risk, all other abbreviations same as in prior figure
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Figure 3. 
Figure 3A: Forest plot showing multiple one-way sensitivity analyses (Non-ACS model).
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Figure 3B: Forest plot showing multiple one-way sensitivity analyses (ACS model).

These tornado graphs demonstrates the relationship between plausible variations in key 

model parameters and their effect on determining whether longer-term DAPT (30 months) is 

preferred over 12 months therapy (using the threshold relative risk of ST with DAPT, 0.22 

in the non-ACS and 0.56 in the ACS population). Each horizontal bar represents the selected 

variable’s incremental values (30 month strategy minus 12 months) generated by varying the 

variable in the range represented. The model was most sensitive to variations in probabilities 

of VLST on aspirin, hemorrhagic CVA on DAPT, risk of death from ST, relative risks of 

fatal bleed with DAPT and future non-cardiac death with prior major bleed, and utility 

associated with prior CVA.

*The higher range values for these variables results in 30 months strategy being preferred. ^ 

Increasing values of the estimate for these variables results in 12 months strategy being 

preferred. CI = confidence interval QALY = quality adjusted life years, all other 

abbreviations same as in prior figures
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Table 1

Baseline Probability Estimates.

Variable Estimate

ACS Non-ACS

Ischemic Events not on DAPT

 Cardiac Death

  0 to 6 months post-PCI 2.42% 0.98%

  Subsequent 6 months 0.92% 0.42%

 Ischemic Stroke^

  0 to 6 months post-PCI 0.49% 0.45%

  Subsequent 6 months 0.33% 0.33%

  Risk of death 12.0% 12.0%

 Non-Fatal MI

  0 to 6 months post-PCI 5.29% 1.66%

  Subsequent 6 months 1.45% 0.46%

 Stent Thrombosis

  0 to 6 months post-PCI 1.76% 0.64%

  Subsequent 6 months 0.25% 0.12% (VLST 0.11%)#

  Risk of Death 20.0% 20.0%

Bleeding Events on DAPT

 Hemorrhagic Stroke^

  0 to 6 months post-PCI 0.18% 0.12%

  Subsequent 6 months 0.087% 0.087%

  Post-ST¶ 0.19% 0.19%

  Risk of death 44.0% 44.0%

 Fatal Bleed^†

  0 to 6 months post-PCI 0.15% 0.042%

  Subsequent 6 months 0.037% 0.037%

  Post-ST¶ 0.16% 0.16%

 Major Bleed^

  0 to 6 months post-PCI 1.45% 0.83%

  Subsequent 6 months 0.26% 0.26%

  Post-ST¶ 2.87% 2.87%

 Minor Bleed^

  0 to 6 months post-PCI 1.60% 0.74%

  Subsequent 6 months 0.44% 0.44%

  Post-ST¶ 2.72% 2.72%

Non-Cardiac Death US Life Tables US Life Tables

ACS =acute coronary syndrome, MI = myocardial infarction, Mo = month, N/A = not applicable, PCI = percutaneous coronary intervention, ST = 
stent thrombosis, STEMI = ST-segment elevation myocardial infarction, VLST = very late stent thrombosis (beyond 12 months).
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^
Uniform 6-month interval event probabilities for ACS and non-ACS models for ischemic stroke and all bleeding events, >6 months post-PCI

#
Very late ST (beyond 12 months) in non-ACS population

†
Includes fatal bleeding related to both cerebrovascular and non-cerebrovascular bleeding

¶
For patients who have ST as a repeat ischemic event they are assigned the same early bleeding probability as patients who suffer STEMI, after 6-

months the bleeding probability was the same as the general post-PCI population
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Table 2

Baseline Relative Risks.

Variable Model RR Estimate Source

Increased risk of death with prior ST 1.30 Garg at al. 17

Increased risk of death with prior non-fatal MI 1.30 Cole et al. 20, Lloyd-Jones et al. 21,

Risk of recurrent ST with prior ST 1.20 Mauri et al. 2

Increased risk of death with prior CVA 1.67 Dennis et al. 40

Increased risk of bleeding on DAPT with prior major bleed 2.46 Chan et al. 22

Risk of fatal bleeding on DAPT versus aspirin alone† 1.52 Meta-analysis (Appendix)

Risk of hemorrhagic CVA on DAPT versus aspirin alone 1.61 Meta-analysis (Appendix)

Risk of non-cerebrovascular major bleeding on DAPT versus aspirin alone# 1.77 Meta-analysis (Appendix)

CVA = cerebrovascular accident DAPT = dual anti-platelet therapy, RR = relative risk, all other abbreviations same as in prior table

†
Includes fatal bleeding related to both cerebrovascular and non-cerebrovascular bleeding

#
Includes both major and minor bleeding
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Table 3

Quality of Life Adjustments.

Variable Model Estimate Source

Year of life with stable CAD and revascularization 0.92 Boden et al. 28

Year of life with CAD following MI and revascularization 0.85 Cohen et al. 29

Year of life with CVA 0.61 Gage et al. 33, Gerving et al. 30

Net Disutility

 Stent thrombosis 0.07 Cohen et al. 29

 Non-fatal MI 0.07 Cohen et al. 29

 Stroke 0.31 Gerving et al. 30, Augustovski et al. 32

 Major bleed 0.025 Augustovski et al. 32, Shah et al. 31

 Minor bleed 0.002 Shah et al. 31

CAD = coronary artery disease, all abbreviations same as in prior tables
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