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Abstract

Background

The duration of dual antiplatelet therapy (DAPT) after drug-eluting stent implantation in coro-
nary chronic total occlusion (CTO) remains unclear.

Methods

We retrospectively analyzed a total of 512 patients treated with percutaneous coronary
intervention (PCI) in the Samsung Medical Center CTO registry. Patients were separated
into < 12-month (199, 38.9%) vs. > 12 month (313, 61.1%) based on DAPT duration with
aspirin and clopidogrel. The primary outcome was major adverse cardiac and cerebrovascu-
lar event (MACCE) during follow-up.

Results

Median follow-up duration was 67 (interquartile range: 51-84) months. MACCE occurred in
43 patients (21.6%) in the < 12-month and 55 patients (17.6%) in the > 12-month groups. In
the propensity-matched population, the rate of MACCE did not differ significantly between
the < 12-month and > 12-month group (19.4% vs. 18.8%; hazard ratio [HR], 0.95; 95% con-
fidential interval [Cl], 0.52—1.76, p = 0.88). Moreover, moderate or severe bleeding accord-
ing to BARC criteria (type 2, 3 or 5) was also similar between the < 12-month and > 12-
month group (2.5% vs. 1.9%; HR, 1.00; 95% CIl, 0.20—4.96, p = 0.99).

Conclusion

Among patients treated with PCI for CTO, DAPT with durations of < 12-month showed simi-
lar long-term clinical outcomes compared to > 12-month DAPT.
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Introduction

Dual antiplatelet therapy (DAPT) with aspirin and P2Y12 receptor inhibitor is recommended
for patients undergoing percutaneous coronary intervention (PCI).[1] Several former trials
suggested that there is no net clinical benefit of DAPT beyond 12 months after drug-eluting
stent (DES) implantation in terms of ischemic and bleeding event, although recent large ran-
domized trials report benefits associated with DAPT over 12 months, which were accompa-
nied by an increased number of bleeding events.[2-6] In addtion, clinical presentation which
associated with unstable plaque or plaque rupture may benefit with long-duration DAPT
although their prevalence is not negligible in stable patients.[7] Therefore, long-duration
DAPT is difficult to apply in all patients, and multiple factors have to be integrated: type of
stent, clinical presentation, type of dual antiplatelet therapy, coronary lesion complexity, and
patient compliance.[8]

The optimal duration of DAPT may differ in patients with coronary chronic total occlusion
(CTO) because such patients are at higher risk of ischemic events.[9] Although it has become
more common to undergo PCI to treat CTO and the success rates of such treatment have
increased, the optimal duration of DAPT after DES implantation in patients with CTO
remains unclear.[10-13] Therefore, the aim of the present study was to compare long-term
clinical outcomes between patients with CTO who were treated with prolonged DAPT and
those treated for up to 12 month after PCI with DES.

Methods
Study population

This study was retrospective analysis with selected CTO patients from prospective registry.
Between March 2003 and February 2012, 2,024 consecutive patients were enrolled in the Sam-
sung Medical Center CTO registry. Clinical, laboratory and outcome data were collected by a
trained study coordinator using a standardized case report form and protocol. If necessary,
additional information was documented by contacting the principal investigators and/or by
review of hospital records. The Institutional Review Board of Samsung Medical Center
approved the study protocol and waived the requirement for informed consent. The inclusion
criteria for the registry were: 1) patients treated for PCI with DES for CTO, 2) at least one
CTO detected on diagnostic coronary angiography, and 3) symptomatic angina and/or a posi-
tive functional ischemia study. Exclusion criteria included: 1) failed PCI, 2) medical therapy
alone without PCI, 3) previous coronary artery bypass graft surgery, 4) history of cardiogenic
shock or cardiopulmonary resuscitation, 5) ST-segment elevation myocardial infarction (MI)
during the preceding 48 hours, and 6) use of warfarin or antiplatelet agent, other than aspirin
and clopidogrel. Patients with major adverse cardiac and cerebrovascular events (MACCE)
during the first 12 month excluded.

Definitions and outcomes

A CTO lesion was defined as the obstruction of a native coronary artery with thrombolysis in
myocardial infarction (TIMI) flow grade 0 with an estimated duration longer than three
months.[3] Duration was estimated based on the interval from the last episode of acute coro-
nary syndrome (ACS) or in patients with no history of ACS, from the first episode of exer-
tional angina consistent with the location of the occlusion or previous coronary angiogram.
Successful PCI was defined as final residual stenosis less than 20% of the vessel diameter, with
TIMI flow grade > 2 after revascularization, as assessed by visual estimation on angiography.
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The primary outcome was the MACCE during follow-up. The secondary outcomes were
each of MACCE, cardiac death, or moderate or severe bleeding during the same period
(assessed according to the Bleeding Academic Research Consortium [BARC] criteria).[14] MI
was defined as recurrent symptoms with new electrocardiographic changes compatible with
MI or cardiac markers at least twice the upper limit of normal.[15] Periprocedural enzyme ele-
vation was not included in this definition of MI. The incidence of bleeding was also evaluated
according to Global Utilization of Streptokinase and Tissue Plasminogen Activator for
Occluded Arteries (GUSTO) and TIMI criteria.

Statistical analysis

Comparisons for continuous variables were made using t-tests or the Wilcoxon rank-sum
test when applicable, and results are presented as mean + standard deviation or median with
interquartile ranges. Differences between groups were evaluated using chi-square or Fisher’s
exact tests for categorical data. We used landmark analysis in this study, and we defined land-
mark of DAPT discontinuation at 12 month. Survival curves were constructed using Kaplan-
Meier estimates and compared with the log-rank test. Univariable and multivariable Cox
proportional hazard regression models were used to compare reductions in the risks of out-
comes. Variables associated with MACCE (acute coronary syndrome, location of CTO, mul-
tivessel disease and newer generation stent) were included in multiple cox-regression
analyses to search for independent predictors. To reduce treatment-selection bias and poten-
tial confounding factors, we performed rigorous adjustments for the baseline and lesion char-
acteristics of the patients using their propensity scores, which we estimated using multiple
logistic-regression analyses. Model discrimination was assessed with c-statistics, and model
calibration was assessed with Hosmer- Lemeshow statistics (P = 0.22). An absolute standard-
ized difference < 10% for the measured covariate suggested an appropriate balance between
the groups. The covariate balance achieved by matching was assessed by calculating the abso-
lute standardized differences in covariates between the < 12-month and > 12-month groups.
An absolute standardized mean difference of <10% for the measured covariate suggests
appropriate balance between groups. In the propensity score-matched population, continu-
ous variables were compared with a paired t-test, as appropriate, and categorical variables
were compared with the McNemar’s test of symmetry, as appropriate. The reduction in the
risk of outcome was compared using the stratified Cox regression model. Statistical analyses
were performed with SPSS 20.0.0 (IBM Corp. Armonk, NY, USA). All tests were two-tailed
and p < 0.05 was considered statistically significant.

Results
Baseline and procedural characteristics

The patient flow of the study is shown in Fig 1. The baseline characteristics of the CTO patients
in the < 12-month (N = 199), and > 12-month (N = 313) DAPT groups are described in
Table 1.

The median duration of DAPT was 292 days (IQR, 184-363 days) in the < 12-month
group. Compared with patients in the > 12-month DAPT group, those in the < 12-month
group were younger and had a lower incidence of chronic kidney disease, history of PCI, and
history of stroke. Fig 2 shows the distribution of DAPT duration.

Table 2 shows the lesion and procedural characteristics.

The > 12-month group showed higher rate of newer generation stents, longer total stent
length, and smaller minimal stent diameter compared to < 12-month DAPT. The types of
stents were described in S1 Table. After performing propensity-score matching for the entire
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Fig 1. Group distribution in the registry.
https://doi.org/10.1371/journal.pone.0176737.9001

population, a total of 185 pairs of matched data set were generated by 1:1 individual matching
without replacement using propensity score. There were no significant differences in baseline
clinical or lesion characteristics between the two groups for the propensity-matched subjects
(Tables 1 and 2).

Table 1. Baseline characteristics according to duration of dual antiplatelet therapy.

Total population Propensity-matched population
Variables <12-month >12-month | p-value Standardized mean <12-month >12-month Standardized
DAPT DAPT difference DAPT DAPT mean difference
(N =199) (N=313) (N =185) (N =185)
Age 59.2 (+10.50) 61.4 (+11.35) | 0.03 -20.58 59.3 (+10.54) 59.4 (+11.3) -0.72
Male 158 (79.4) 257 (82.1) 0.45 6.69 146 (78.9) 144 (77.8) 2.67
Medical history
Diabetes 73(36.7) 134 (42.8) 0.17 -12.68 67 (36.2) 73 (39.5) -6.71
Hypertension 109 (54.8) 193 (61.7) 0.12 -13.8 100 (54.1) 101 (54.6) -1.08
Chronic kidney disease 5(2.5) 26 (8.3) 0.007 -36.93 5(2.7) 5(2.7) 0
Smoking 70 (35.2) 101 (32.3) 0.50 6.07 66 (35.7) 68 (36.8) -2.26
Dyslipidemia 71(35.7) 112(35.8) 0.98 -0.22 66 (35.7) 71 (38.4) -5.63
History of MI 32(16.1) 61(19.5) 0.33 9.26 30(16.2) 29 (15.7) 1.47
History of PCI 17 (8.5) 53(16.9) 0.007 -29.94 17 (9.2) 17 (9.2) 0
History of stroke 5 (2.5) 27 (8.6) 0.005 -38.96 5(2.7) 4(2.2) 3.45
Left ventricular ejection 59.4 (£10.21) 58.0 (+11.07) | 0.15 13.89 58.5 (+10.0) 58.7 (+10.87) 7.17
fraction
Acute coronary syndrome 48 (24.1) 79 (25.2) 0.78 -2.61 46 (24.9) 40 (21.6) 7.56
SYNTAX score 19.4 (+£8.37) 20.4 (+9.03) 0.11 -11.47 19.6 (+£8.49) 19.5 (+8.47) 0.41

Data are presented as mean + standard deviation or n (%).
DAPT, dual antiplatelet therapy; MI, myocardial infarction; SYNTAX, Synergy between PCI with Taxus and Cardiac Surgery.

https://doi.org/10.1371/journal.pone.0176737.t001
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Clinical outcomes

The median follow-up duration was 64 months (IQR 48 to 82) for the entire population.
Table 3 shows clinical outcomes in the < 12-month and > 12-month DAPT groups in the
entire population. There was no significant difference between the two groups in rate of
MACCE (21.6% vs. 17.6%; adjusted hazard ratio [HR] 1.27, 95% confidence interval [CI]
0.83-1.94, p = 0.26) in multivariate analysis (Table 3, Fig 3).
Moreover, moderate or severe bleeding according to BARC criteria (type 2, 3 or 5) (2.2%

vs. 3.5%; HR, 1.14; 95% CI, 0.32-4.07, p = 0.85) was also similar between two groups. After
propensity-matching, either the rate of MACCE (22.2% vs. 16.8%; HR, 1.32; 95% CI, 0.81-

Table 2. Lesion and procedural charateristics according to duration of dual antiplatelet therapy.

Total population Propensity-matched population
Variables < 12-month > 12-month p-value Standardized mean <12-month >12-month Standardized mean
DAPT DAPT difference DAPT DAPT difference
(N=199) (N=313) (N=185) (N=185)

CTO lesion

Left anterior 90 (45.2) 147 (47.0) 0.70 -3.48 83 (44.9) 81(43.8) 217
descending artery

Left circumflex artery 52 (26.1) 80 (25.6) 0.89 1.3 49 (26.5) 51 (27.6) -2.45

Right coronary artery 82 (41.2) 141 (45.0) 0.39 -7.79 78 (42.2) 78 (42.2) 0
Multivessel disease 134 (67.3) 205 (65.5) 0.67 3.92 127 (68.7) 121 (65.4) 6.9
CTO at proximal to mid 152 (76.4) 240 (76.7) 0.94 -0.69 141 (76.2) 134 (72.4) 8.89
Multiple CTO 24 (12.1) 54 (17.3) 0.11 -15.9 24 (13.0) 25(13.5) -1.66
New generation stent 66 (33.2) 168 (53.7) <0.001 -43.45 64 (34.6) 72 (38.9) -9.16
Total stent number 1.73 (+0.87) 1.85 (+0.91) 0.13 -14.32 1.76 (+0.87) 1.76 (+0.90) 0
Total stent length 35.3 (£15.94) 38.5 (£18.90) 0.05 -20.22 35.8 (£16.16) 35.9 (+18.86) -0.75
Minimum stent diameter 3.06 (+0.43) 2.91(+0.42) | <0.001 16.5 3.06 (+0.43) 3.07 (+1.60) -2.21

Data are presented as mean + standard deviation or n (%).
DAPT, dual antiplatelet therapy; CTO, chronic total occlusion.

https://doi.org/10.1371/journal.pone.0176737.t1002
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Table 3. Clinical outcomes of < 12-month DAPT vs > 12-month DAPT in the crude population.

< 12-month DAPT

MACCE 43 (21.6) 55 (17.6)
Stent thrombosis* 4 (2.0) 5(1.6)
All cause death 13 (6.5) 16 (5.1)
Cardiac death 6 (3.0) 5(1.6)
Myocardial infarction 3(1.5) 10 (3.2)
Stroke 2(1.0) 4(1.3)
Repeat revascularizaton 29 (14.6) 36 (11.5)
BARC type 2,3 0r5 4(2.0) 11 (3.5)
GUSTO severe or moderate 1(0.5) 8(2.6)
TIMI major or minor 1(0.5) 7(2.2)

Data are presented as n (%).

>12-month DAPT

Unadjusted HR
(95% ClI)
1.05 (0.70-1.56)
1.08 (0.29-4.03)
1.18 (0.56—-2.45)
1.67 (051-5.50)
0.41 (0.11-1.49)
0.72 (0.13-3.92)
1.05 (0.64-1.71)
0.52 (0.17-1.64)
0.17 (0.02—1.40)
0.20 (0.02—-1.61)

p-value
Adjusted HR (95% ClI)
0.83 1.27 (0.83—1.94)
0.91 0.96 (0.90-7.00)
0.67 1.60 (0.73-3.53)
0.40 2.12 (0.60-7.56)
0.18 0.54 (0.14-2.12)
0.33 1.13(0.19-6.57)
0.72 1.21 (0.72-2.03)
0.27 0.75 (0.82-2.77)
0.10 0.26 (0.03-2.23)
0.13 0.31(0.04-2.67)

Multivariate analysis}

p-value
0.26
0.53
0.24
0.25
0.38
0.89
0.47
0.75
0.22
0.29

DAPT, dual antiplatelet therapy; BARC, Bleeding Academic Research Consortium; GUSTO, Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Arteries; TIMI. Thrombolysis in Myocardial Infarction; Cl, confidence interval; HR, hazard ratio
* Covariates include age, diabetes, hypertension, chronic kidney disease, history of PCI, history of stroke, newer generation stent, total stent length, and

minimum stent diameter
* Stent thrombosis includes definite or probable stent thrombosis

https://doi.org/10.1371/journal.pone.0176737.1003
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Fig 3. Kaplan-Meier curves for MACCE and moderate to severe bleeding between < 12-month (red
line) and >12-month DAPT (blue line) groups in the entire population. (A) curves for MACCE and (B)
curves for moderate to severe bleeding (BARC 2, 3 or 5).

https://doi.org/10.1371/journal.pone.0176737.9003
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Table 4. Clinical outcomes of < 12-month DAPT vs > 12-month DAPT in the propensity-matched population.

< 12-month DAPT >12-month DAPT Adjusted HR (95% Cl) p-value

MACCE 41 (22.2) 31 (16.8) 1.32(0.81-2.18) 0.26
Stent thrombosis* 4(2.2) 4(2.2) 0.99 (0.30-3.26) 0.98
All cause death 11 (5.9) 7(3.8) 1.58 (0.60—4.17) 0.35
Cardiac death 5(2.7) 3(1.6) 1.67 (0.40-7.07) 0.48
Ml 3(1.6) 6(3.2) 0.50 (0.15-1.68) 0.30
Stroke 2(1.1) 0

Repeat revascularizaton 29 (15.7) 24 (13.0) 1.22 (0.69-2.13) 0.50
BARC type 2, 30r5 3(1.6) 4(2.2) 0.76 (0.17-3.44) 0.72
GUSTO severe or moderate 1(0.5) 4(2.2) 0.25(0.03-2.30) 0.22
TIMI major or minor 1(0.5) 3(1.6) 0.34 (0.03-3.30) 0.35

Values are n (%).

DAPT, dual antiplatelet therapy; BARC, Bleeding Academic Research Consortium; GUSTO, Global Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Arteries; TIMI. Thrombolysis in Myocardial Infarction; Cl, confidence interval; HR, hazard ratio

* Stent thrombosis includes definite or probable stent thrombosis

https://doi.org/10.1371/journal.pone.0176737.t1004

2.18; p = 0.26) or moderate or severe bleeding (1.6% vs. 2.2%; HR, 0.76; 95% CI, 0.17-3.44;
p = 0.72) showed no differences (Table 4, Fig 4).

There were no significant interactions between DAPT duration and baseline, lesion and
procedural characteristics of interest with respect to the MACCE, as described in the hazard-
ratio plots in Fig 5.

Discussion

In the present study, we investigated clinical outcomes according to the duration of DAPT in
patients treated PCI for CTO. Among patients who were event-free at 12 months, no signifi-
cant differences were observed in the incidence of MACCE or moderate to severe bleeding
between patients with CTO taking > 12-month DAPT and those changed to single antiplatelet
therapy in 12 month.

Among patients receiving DES for non-ACS indication, current 2016 ACC/AHA guidelines
and 2014 ESC/EACTS Guidelines on myocardial revascularization recommend the duration
of DAPT for 6 months after DES implantation.[1, 16] Physicians tend to prefer prolonged
DAPT in high-risk patients. Gilard and Morice explained that there is a possibility that only
high-risk patients with conditions such as prior MI, multiple stents, left main stent, prior stent
thrombosis, diabetes or diffuse coronary artery disease benefit from long- duration DAPT.[8]
Generally, patients with CTO tend to be older and show higher incidences of comorbidities
such as diabetes, hypertension or stroke.[9] Furthermore, coronary arteries with CTO show
increased atherosclerotic burden, calcification, and longer lesions which contributes to higher
SYNTAX score. Thus, it could be anticipated that patients with CTO are at higher ischemic
risk and therefore benefit from longer duration of DAPT because patients treated with PCI for
CTO have longer stent lengths or multiple stents.[9, 17] However, to date, limited data are
avaijlable regarding the relationship between duration of DAPT and clinical outcomes in
patients with CTO. The EuroCTO club reported good results after DAPT of 12 months in
patients treated with sirolimus-eluting stents with non-erodible matrix and 6 months in
patients treated with sirolimus-eluting stents with biodegradable polymers.[12, 18, 19] Most
clinical trials of DAPT excluded patients with CTO, and even in several trials that included
patients with CTO, additional subgroup analysis was not performed to investigate the clinical
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Fig 4. Kaplan-Meier curves for MACCE and moderate to severe bleeding between < 12-month (red
line) and >12-month DAPT (blue line) groups in the propensity-matched population. (A) curves for
MACCE and (B) curves for moderate to severe bleeding (BARC 2, 3 or 5).

https://doi.org/10.1371/journal.pone.0176737.9004

<12-months >12-months Adjusted HR P-value P for
(C195%) interaction
Acute coronary syndrome ;
Yes 48 79 i 0.97 (0.42-2.20) 0.95 0.86
No 151 234 —I— 1.04 (0.64-1.68) 0.88
CTO of left anterior desceding artery
Yes 90 147 —_— 1.08(0.57-2.02)  0.82 0.79
No 109 166 —_— 1.09 (0.62-1.90) 0.77
CTO of left circumflex artery
Yes 52 80 = 0.93 (0.39-2.26) 0.88 0.87
No 147 233 = 1.12(0.70-1.79) 0.63
CTO of right coronary artery
Yes 82 141 _— 0.90 (0.50-1.65) 0.74 0.36
No 117 172 _— 1.42 (0.78-2.57) 0.25
Multivessel disease
Yes 134 205 —_— 1.27 (0.78-2.07)  0.35 0.34
No 65 108 _—l 0.68 (0.31-1.52) 0.35
Newer generation stent
Yes 66 168 —_— 1.22 (0.57-2.58) 0.61 0.41
No 133 145 _— 0.98 (0.60-1.59) 0.93
0.1 1 10
Favors < 12-months Favors > 12-months

Fig 5. Comparison of MACCE in the subgroups. 95%CI, 95% confidence interval; HR, hazard ratio; CTO, chronic total occlusion.

https://doi.org/10.1371/journal.pone.0176737.9005
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impact of prolonged DAPT in CTO patients.[4, 20-22] Recently published data showed that
longer duration DAPT was not associated with improved clinical outcomes in the CTO
patients, although other subset of complex PCI, such as longer stent length, bifurcation stent-
ing or number of stents more than three, showed better clinical outcomes.[23] To the best of
our knowledge, this is the first study performed a direct comparison of DAPT durations in
patients with CTO-PCI.

Several previous studies suggest that there is no clinical benefit of longer duration DAPT.
[21, 24] A recent meta-analysis argued that the risk/benefit ratio between stopping or continu-
ing DAPT after an initially recommended period should be carefully individualized consider-
ing the trade-off between future risk of ischemia and bleeding.[25] The results of the present
study are informative regarding the individualized DAPT.

In this study, we observed no differences in clinical outcomes indicating ischemic events
between the < 12-month and > 12-month DAPT groups. There are several possible explana-
tions for these results. First, patients with CTO present more often with stable coronary disease
than ACS.% As a result, the frequency of thrombotic ischemic events, such as stent thrombosis
might not differ, despite high lesion complexity and longer lesions. Patients with ST-segment
elevation MI were excluded from this study, and among patients without MI, composite end
points show no significant difference between prolonged DAPT and 12-months DAPT.[26]
Therefore, the characteristics of patients with CT'O may explain the similar rates of MACCE and
stent thrombosis between groups. Second, we excluded patients with a history of PCI for more
precise comparisons between groups. Study populations of previous studies that favored longer
duration DAPT showed a higher incidence of prior PCI or MI than the present study.[5, 6]

The most concerning outcome of prolonged DAPT is increased bleeding risk.[27] In this
study, numerically higher rates of bleeding events were observed in the > 12-month group com-
pared to < 12-month group, but the differences between the two groups were not statistically
significant. Larger registry data or randomized trial is needed to evaluate clinical relevance.

Our study has several limitations. First, it was not a randomized trial: the selection of treat-
ment was influenced by patient characteristics and patient and physician preferences. To
address this limitation, we conducted propensity score-matched analysis to adjust for differ-
ences in patient characteristics. However, a strong possibility remains that other unmeasured
or undocumented factors may have confounded the relationship between treatment strategies
and outcomes, despite extensive adjustment for baseline risk factors. Second, the number of
subjects was small as we targeted patients with successful PCI only. Third, the DAPT regimen
consisted of aspirin and clopidogrel. During the study period, P2Y12 receptor inhibitors such
as prasugrel or ticagrelor were not available in Korea. Fourth, the duration of DAPT is at the
discretion of the physician. Finally, due to limitations of landmark analysis, there may be a
possibility of omission of time-to-event distribution prior to landmark time and data-driven
results. Despite these limitations, our study provides data for long-term follow-up and offers
direct comparisons according to the duration of DAPT.

Conclusion

In patients treated with PCI for CTO, the < 12-month DAPT associated with similar rates of
MACCE and moderate to severe bleeding compared to the > 12-month DAPT. Larger ran-
domized controlled trials are needed to validate our results.
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