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Objective: We investigated the relation between duration of dual antiplatelet therapy
(DAPT) and clinical outcomes up to 12 months after GenousTM endothelial progenitor
cell capturing R stentTM placement in patients from the e-HEALING registry.
Background: Cessation of (DAPT) has been shown to be associated with the occurrence
of stent thrombosis (ST). After Genous placement, 1 month of DAPT is recommended.
Methods: Patients were analyzed according to continuation or discontinuation of DAPT
at a 30-day and 6-month landmark, excluding patients with events before the landmark.
Each landmark was a new baseline, and outcomes were followed up to 12 months after
stenting. The main outcome for our current analysis was target vessel failure (TVF),
defined as target vessel-related cardiac death or myocardial infarction and target vessel
revascularization. Secondary outcomes included ST. (Un)adjusted hazard ratios (HR) for
TVF were calculated with Cox regression. Results: No difference was observed in the
incidence of TVF [HR: 1.03; 95% confidence intervals (CI): 0.65–1.65, P 5 0.89] in patients
continuing DAPT (n 5 4,249) at 30 days versus patients stopped (n 5 309), and HR: 0.82
(95% CI: 0.55–1.23, P 5 0.34) in patients continuing DAPT (n 5 2,654) at 6 months versus
patients stopped [n 5 1,408] DAPT). Furthermore, no differences were observed in ST.
Even after addition of identified independent predictors for TVF, adjusted TVF hazards
were comparable. Conclusions: In a post-hoc analysis of e-HEALING, duration of DAPT
was not associated with the occurrence of the outcomes TVF or ST. The Genous stent
may be an attractive treatment especially in patients at increased risk for (temporary)
cessation of DAPTor bleeding. VC 2011 Wiley Periodicals, Inc.
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INTRODUCTION

The use of drug-eluting stents (DES) is associated
with a reduction in restenosis and the need for repeat
revascularization, when compared with bare-metal
stenting [1,2]. This reduction in restenosis is accom-
plished by impeding smooth muscle cell migration
and proliferation through the release of antiprolifera-
tive drugs. Accompanying the effects of these drugs
is the impairment of the normal healing process of
the injured arterial wall by delaying the formation of
a functional endothelial layer over the stent, predis-
posing patients for the occurrence of (late) stent
thrombosis (ST) [3]. The incidence of late ST has
been estimated to be 0.4–0.6% annually up to 4 years
after DES implantation [4]. Dual antiplatelet therapy
(DAPT) is recommended after DES placement to
reduce the incidence of ST. Cessation of DAPT has
been shown to be associated with the occurrence of
ST in bare-metal stent (BMS) and DES, however, the
risk was significantly higher in patients who had
received a DES [5]. Therefore, the current percutane-
ous coronary intervention (PCI) guidelines recommend
at least 6 (European guidelines) or 12 months (Ameri-
can guidelines) of DAPT after DES placement [6,7].
Complicating the use of DES is the unknown optimal
duration of DAPT. In a recent report, continuation of
DAPT longer than twelve months after stent implanta-
tion was not more effective than aspirin monotherapy
[8].

The Genous endothelial progenitor cell (EPC) cap-
turing stent promotes endothelialization of the stent
struts and vessel segments, thereby potentially inhibi-
ting smooth muscle cell proliferation and preventing
restenosis and ST. Only one month of DAPT is recom-
mended after Genous placement, and the HEALING
studies have shown the safety and efficacy of this stent
[9,10]. It may therefore be an attractive treatment in
patients at increased risk for (temporary) cessation of
DAPT. However, the duration of DAPT with Genous
has not been investigated in a large cohort of patients.
e-HEALING was a multicenter, prospective, world-
wide, post-approval registry aimed at collecting data
on approximately 5,000 patients treated with the Gen-
ous stent during routine non-urgent PCI. In this analy-
sis, we investigated the relation between duration of
DAPT and clinical outcomes in patients enrolled in the
e-HEALING registry.

METHODS

Study Design

The study design, data collection and management,
and quality control have been described previously

[11]. In brief, the e-HEALING (Healthy Endothelial
Accelerated Lining Inhibits Neointimal Growth) was
a worldwide, multicenter post-marketing registry.
Approximately 5,000 patients were included between
October 2005 and October 2007 from 144 centers in
Europe, Asia/Pacific, Middle East, Africa, and Latin
America. The list of sites and investigators can be
found in the main manuscript. The local medical ethics
committees approved the study protocol at sites at
which such approval was legally required and written
informed consent was obtained.

Device Description

The Genous stent comprises a covalently coupled
polysaccharide matrix coating with monoclonal murine
anti-human CD34þ antibodies on the abluminal stent
surface, attached to a 316L stainless steel stent (Gen-
ousTM Bio-engineered R stentTM, OrbusNeich Medical
Technologies, Fort Lauderdale, FL).

Study Population and Procedures

Patients who underwent non-urgent PCI with at least
one lesion suitable for stenting with a Genous stent (di-
ameter 2.50–4.00 mm, length 9–33 mm) in accordance
with the instructions for use were eligible for the e-
HEALING registry. In case of multiple lesions, all
lesions were preferably treated with a Genous stent but
not mandatory per protocol. The indication for PCI
was left at the discretion of the operator. A recommen-
dation to receive at least 2 weeks of statin therapy
before PCI was given. DAPT for at least one month
post-procedure was recommended, but the actual dura-
tion of DAPT was at the discretion of the investigator.
Aspirin was given indefinitely. The use of other con-
comitant medication was also left at the discretion of
the treating physician. Medication use, including
DAPT, was recorded at the time of study visit at 30
days, 6 months, and 12 months.

Outcomes

The main outcome for our current analysis was tar-
get vessel failure (TVF) up to 12 months after the
index procedure, defined as the composite of cardiac
death or myocardial infarction (MI) unless unequivo-
cally attributable to a non-target vessel and target ves-
sel revascularization (TVR). Secondary outcomes were
the composite of cardiac death or MI, and the individ-
ual outcomes cardiac death, MI, ST according to the
definitions of the academic research consortium (ARC)
[12], and bleeding. A non-Q-wave MI was defined as
an elevation of post-procedure CK levels above two
times the upper limit of normal (ULN) in the absence
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of pathological Q-waves. A Q-wave MI was defined as
the development of new, pathological Q-waves in two
or more continuous leads with an elevation of CK-MB
above the ULN. TVR was defined as the repeat revascu-
larization of any segment of the major coronary artery
treated at the index procedure. Finally, bleeding was
considered major when it led to death or permanent dis-
ability, suspected or proven intracranial, produced a fall
in hemoglobin >3 mmol/l, led to transfusion of two or
more units of whole blood of packed cells, or led to pe-
ripheral vascular surgery. All other bleeding were con-
sidered as minor. All outcome events were assessed at
discharge of initial hospitalization, at 30 days, at 6
months and at 12 months. The following events were
adjudicated with full source verification by an independ-
ent clinical event committee whose members did not
participate in the study: death, MI, TVR, and ST.

Statistical Analysis

The overarching hypothesis of our current analysis
was that duration of DAPT was not related to the inci-
dence of clinical outcomes. We performed two analy-
ses, one using predefined landmarks and one using an
extended Cox model including DAPT as a time-de-
pendent variable. We used the following two land-
marks for our landmark analysis: DAPT at 30 days and
DAPT at 6 months. For each landmark, we compared
patients who continued DAPT at this landmark with
patients who stopped DAPT before this landmark.
Patients who endured an event (TVF) before the land-
mark and patients with unknown DAPT adherence
were excluded from our analyses (Fig. 1). Each land-
mark was used as a new baseline, and outcomes were
followed up to 12-months after Genous placement.
Baseline, angiographic, and procedural characteristics
were compared with the chi-square test in case of cate-
gorical variables or with the Student T-test (normal
distribution) or the Wilcoxon rank-sum test (skewed
distribution) in case of continuous variables. Cumula-
tive event rates were estimated with the Kaplan-Meier
method and compared with a log-rank test. Patients
were censored at 12 months or at the date of last
known follow-up, whichever came first. Hazard ratios
(HR) and 95% confidence intervals (CI) were calcu-
lated with Cox proportional-hazards models. We used
two sets of models for the main outcome TVF: univari-
able models and multivariable with adjustment for in-
dependent predictors of TVF. These predictors were
identified by backwards selection of baseline, angio-
graphic and procedural variables, a P < 0.1 by the
Likelihood ratio test was deemed significant.

In the extended Cox model, DAPT was entered as a
time-dependent variable. In case of discontinuation of

DAPT, we assumed that there was no restart until the
end of follow-up. In this time-dependent analysis, we
included all patients with known DAPT data. We
believe that this assumption is close to reality because
an important indication for DAPT is MI or stent place-
ment. If a patient endures one of these events it is al-
ready counted as an outcome and the patient is cen-
sored for further outcomes.

Because some patients included in e-HEALING
received other stents (DES or BMS) besides Genous,
the duration of DAPT could also be influenced by
these stents. We separately analyzed patients treated
solely with Genous, and no heterogeneity was observed
in outcomes.

Statistical analyses were performed at the Academic
Medical Center, University of Amsterdam, The Nether-
lands.

RESULTS

Patients

Of the 4,996 patients entered in the e-HEALING
registry, 52 patients were excluded because of missing
procedure-related data (n ¼ 16), no Genous stent was
placed or Genous placement was unknown (n ¼ 36),
or missing follow-up data (n ¼ 5). DAPT adherence at
30 days was known for 4,558 patients and for 4,062
patients at 6 months. Regarding TVF occurring before
the landmarks, 85 and 273 TVF events were observed
before the 30-day and 6-month landmark respectively.
These patients were excluded from the respective land-
mark analyses. The baseline characteristics of the
patients included in the four study groups are shown in
Table I. Overall, there were significant differences in

Fig. 1. Flow chart for dual antiplatelet therapy analysis.
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demographics and risk factors for coronary artery dis-
ease between study groups. Patients who continued
DAPT at 6 months significantly more often had an
acute coronary syndrome as the indication for the
index PCI, compared with patients who stopped before
6 months.

Angiographic and Procedural Characteristics

Detailed angiographic and procedural characteristics
are shown in Table II. Patients who continued DAPT
at 30 days and 6 months showed grade 3 TIMI flow
less often at baseline and the end of the procedure and
were less often treated for a B2 or C lesion than
DAPT stopped patients.

Outcomes

No difference was observed in the incidence of the
main outcome TVF (6.5% in patients continuing
DAPT at 30 days versus 6.3% in patients stopped, P ¼
0.89, and 2.4% in patients continuing DAPT at 6
months versus 2.9% in patients who stopped, P ¼
0.34). Furthermore, no significant differences were
observed in the composite outcome cardiac death or
MI and the individual outcomes cardiac death, MI, def-
inite or probable ST and definite or probable or possi-
ble ST. Regarding bleeding, a significant higher bleed-
ing rate was observed in patients who stopped DAPT
at 30 days. No difference was observed between
patients who continued or stopped DAPT at 6 months.
Clinical outcomes according to DAPT at 30 days are
shown in Table III and according to DAPT at 6 months
in Table IV. Kaplan-Meier curves of the outcome TVF
are shown in Fig. 2.

Regarding the main outcome TVF, comparable haz-
ards were observed at the 30-day landmark (HR: 1.03;
95% CI: 0.65–1.65, P ¼ 0.89) and the 6-month land-
mark (HR: 0.82; 95% CI: 0.55–1.23, P ¼ 0.34) when
comparing patients who continued DAPT with patients
who stopped. These HR were unaffected, overlapping
equivalence, after adjustment for other independent
predictors of the main outcome. The following varia-
bles were identified as independent predictors for TVF:
age, insulin-requiring diabetes mellitus, previous PCI,
history of stroke, indication for PCI, mean reference
vessel diameter, mean lesion length, at least one
restenosis, at least one B2 or C lesion treated and at
least one lesion with post-procedure TIMI 0-2 flow.
Unadjusted and adjusted HRs for TVF are shown in
Table V.

In the time-dependent analysis (Table V), 4,529
patients were included. No difference in TVF was
observed when comparing patients who continued

DAPT with patients who discontinued DAPT after
adjustment for relevant predictors for TVF (HR: 1.00;
95% CI: 0.75–1.31, P ¼ 0.97).

In exploratory landmark analyses we calculated
adjusted HRs for the main outcome TVF in patients
undergoing elective PCI or PCI for acute coronary syn-
drome (ACS). In the elective PCI subgroup, compara-
ble TVF hazards were observed at the 30-day landmark
(HR: 1.25; 95% CI: 0.61–2.57, P ¼ 0.55) and 6-month
landmark (HR: 0.63; 95% CI: 0.36–1.13, P ¼ 0.12)
when comparing continuing with stopped patients.
These HRs were respectively 1.21 (95% CI: 0.61–2.39,
P ¼ 0.59) and 1.72 (95% CI: 0.84–3.55, P ¼ 0.14) in
patients undergoing PCI for ACS.

DISCUSSION

Our current analysis from the multicenter, prospec-
tive, worldwide e-HEALING registry of patients
stented with Genous during PCI shows that the dura-
tion of DAPT after stent placement was not associated
with clinical outcomes. The hazard for TVF was com-
parable in patients continuing DAPT or patients who
stopped DAPT at 30 days or 6 months, even after
adjustment for independent predictors for TVF. DAPT
was not a predictor for TVF in the extended Cox
model. Furthermore, we did not observe significant dif-
ferences in the outcome ST in patients continuing
DAPT or patients who stopped DAPT at 30 days or 6
months.

Previous Studies

The optimal duration of DAPT after DES placement
is a topic for discussion. In the PREMIER registry,
DES-treated MI patients who stopped DAPT at 30
days were compared with patients who continued
DAPT. Prematurely stopping of DAPT was associated
with subsequent mortality in the following 11 months
[13]. However, ST rates were not reported, and the
authors noted that the adverse prognosis associated
with discontinuing DAPT may also partly be explained
by noncompliance as a marker for overall medical non-
compliance. This overall medical noncompliance may
have accounted for some of the mortality. The associa-
tion between discontinuation of DAPT and subsequent
ST with DES is complicated by studies that show that
this association is the strongest within the first 6
months after PCI, not thereafter [14,15]. However,
another study showed that long-term DAPT was associ-
ated with reduced death or MI [16]. The main limita-
tion of these aforementioned studies is the non-
randomized design.
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DAPT Recommendation and HEALING Studies

After Genous stent placement, only 1 month of
DAPT is recommended. The safety of this recommen-
dation has been investigated previously in the HEAL-
ING studies where all patients received one month of
DAPT. In the HEALING—First In Man registry,
including 16 patients treated with the Genous stent, no
cases of ST were observed and a major adverse cardiac
and cerebrovascular event (MACCE) rate of 6.3% was
observed at 9 months of follow-up [9]. In the following
HEALING-II registry, 63 patients were treated with a
Genous stent [10]. At 18-month follow-up, no (sub)a-
cute or late angiographic ST occurred. The 18-month
MACE rate was 7.9%. Our current report extends the
current body of knowledge with comparable outcomes

and low ST rates in a large cohort of patients who con-
tinued or stopped DAPT at 1 or 6 months.

Bleeding

The incidence of bleeding was significantly higher in
patients after stopping DAPT compared with patients
who continued DAPT. In view of the lack of a biologi-
cal rationale, this finding is suggestive for the selection
of patients with a high bleeding risk who consequently
stopped DAPT. Bleeding complications, together with
patient compliance, surgery, allergy to clopidogrel and
costs have previously been identified as important pre-
dictors for discontinuation of DAPT [17]. Because of
the low bleeding event rate in e-HEALING, we were

TABLE III. Outcomes Between 1 and 6 Months According to DAPT at 30 Days

Outcome

Patient on DAPT at 30 days

Hazard Ratio (95% CI) P valuea

Continued (n ¼ 4,249) Stopped (n ¼ 309)

No. (%)b

Composite outcomes

Target vessel failure 268/4,249 (6.5%) 19/309 (6.3%) 1.03 (0.65–1.65) 0.89

Cardiac death or MI 63/4,245 (1.5%) 6/309 (2.0%) 0.77 (0.33–1.78) 0.54

Individual outcomes

Cardiac death 40/4,249 (1.0%) 4/309 (1.3%) 0.73 (0.26–2.05) 0.55

MI 25/4,245 (0.6%) 2/309 (0.6%) 0.91 (0.22–3.86) 0.90

Target-vessel revascularization 227/4,249 (5.5%) 15/309 (5.0%) 1.11 (0.66–1.87) 0.70

ARC stent thrombosis

Definite or probable ST 9/4,248 (0.2%) 2/309 (0.6%) 0.33 (0.07–1.52) 0.16

Definite/probable/possible ST 44/4,248 (1.1%) 6/309 (2.0%) 0.54 (0.23–1.26) 0.15

Bleeding 9/4,213 (0.2%) 6/303 (2.0%) 0.11 (0.04–0.30) <0.001

aDerived from Cox proportional-hazards model.
bKaplan-Meier estimates.

Of the nine bleeding events in the continued group and the six in the stopped group, respectively three and four were major bleedingMI ¼ myocar-

dial infarction; ST ¼ stent thrombosis.

TABLE IV. Outcomes between 6 and 12 months according to DAPT at 6 months

Outcome

Patient on DAPT at 6 months

Hazard Ratio (95% CI) P valuea

Continued (n ¼ 2,654) Stopped (n ¼ 1,408)

No. (%)b

Composite outcomes

Target vessel failure 62/2,654 (2.4%) 40/1,408 (2.9%) 0.82 (0.55–1.23) 0.34

Cardiac death or MI 14/2,653 (0.5%) 11/1,404 (0.8%) 0.68 (0.31–1.49) 0.33

Individual outcomes

Cardiac death 10/2,654 (0.4%) 8/1,408 (0.6%) 0.67 (0.26–1.69) 0.39

MI 4/2,653 (0.2%) 4/1,404 (0.3%) 0.53 (0.13–2.12) 0.37

Target-vessel revascularization 51/2,654 (2.0%) 32/1,408 (2.3%) 0.85 (0.54–1.32) 0.46

ARC stent thrombosis

Definite or probable ST 1/2,653 (0.0%) 1/1,408 (0.1%) 0.53 (0.03–8.60) 0.66

Definite/probable/possible ST 11/2,653 (0.4%) 8/1,408 (0.6%) 0.74 (0.30–1.83) 0.51

Bleeding 1/2,639 (0.1%) 2/1,380 (0.1%) 0.26 (0.02 -2.83) 0.27

aDerived from Cox proportional-hazards model
bKaplan-Meier estimates

Of the 1 bleeding event in the continued group and the 2 in the stopped group, respectively 0 and 2 were major bleeding

MI : myocardial infarction, ST : stent thrombosis
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not able to compare continuation with discontinuation
of DAPT with adjustments for baseline risk or relevant
predictors of bleeding. A shorter duration of DAPT is
potentially associated with decreased bleeding, warrant-
ing further investigation.

Acute Coronary Syndromes

Despite the recommendation of only one month of
DAPT, many patients were on DAPT for longer than
one month. We postulate that this is largely driven by

guideline recommendation of prolonged DAPT in
patients presenting with ACS as the indication for PCI
or by patients who received a Genous and a DES. Our
results show that significantly more ACS patients con-
tinued DAPT at the 6-month landmark. However, in
exploratory analyses, we did not observe heterogeneity
in the association DAPT duration and outcomes
between different indications for PCI, including ACS.
Moreover, ST rates were too low. Further research is
required for definite conclusions regarding DAPT use
in ACS patients treated with Genous.

Clinical Implications

It has been shown previously that early discontinua-
tion of DAPT is associated with the occurrence of ST
after DES placement [18,19]. This finding is of para-
mount importance in patients with a low therapeutic
compliance or expected (coronary artery bypass) sur-
gery. Our current results implicate that the recommen-
dation of one month of DAPT is safe and effective.
This finding, together with the relatively low event
rates observed in the e-HEALING registry make the
Genous stent an attractive treatment option especially
in patients with an anticipated (temporary) cessation of
DAPT or patients at an increased bleeding risk [11].
However, we recently described the outcomes of the
TRIAS HR trial, in which patients with lesions at
high-risk for restenosis were randomized to Genous or
DES [20]. High-risk lesions were defined as a lesion
with a length of �20 mm or reference vessel diameter
of �2.8 mm, a chronic coronary artery occlusion or
any lesion in a diabetic patient. In this trial, non-inferi-
ority of Genous compared with DES with regards to
TVF could not be established. This was mainly driven
by higher TLR rates with Genous. The trial was under-
powered to analyze the relation between DAPT and

Fig. 2. Kaplan-Meier curves of target vessel failure. Shown is
the outcomes target vessel failure (composite of cardiac
death or myocardial infarction unless unequivocally attribut-
able to a non-target vessel and target vessel revasculariza-
tion). P value by the log-rank test. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

TABLE V. Unadjusted and adjusted hazard ratios for target
vessel failure

Outcome target vessel failure

Hazard Ratio

(95% CI)

P
value

DAPT at 30 days (continued compared with stopped)

Unadjusted 1.03 (0.65–1.65) 0.89

Adjusted for predictors of TVFa 1.21 (0.75–1.96) 0.44

DAPT at 6 months (continued compared with stopped)

Unadjusted 0.82 (0.55–1.23) 0.34

Adjusted for predictors of TVFa 0.85 (0.56–1.29) 0.44

Time extended Cox model (continued vs. stopped)

Unadjusted 0.87 (0.67–1.14) 0.30

Adjusted for predictors of TVFa 1.00 (0.75–1.31) 0.97

aAdjusted for age, insulin-requiring diabetes mellitus, previous PCI, his-

tory of stroke, indication for PCI, mean reference vessel diameter, mean

lesion length, minimal 1 restenosis, minimal 1 B2 or C lesion treated,

minimal 1 bifurcation treated and minimal 1 lesion with post-procedure

TIMI 0-2 flow.
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ST, thus further research is required to weigh the poten-
tial benefit of Genous in terms of ST with the potential
higher risk of TLR in these patients. Moreover, although
low event rates with Genous are observed in the
e-HEALING registry, a randomized comparison between
Genous and BMS placement is currently not available. If
the safety of Genous is accompanied by more efficacy
compared with BMS is currently being investigated in
the ongoing TRIAS low risk trial [21].

Limitations

Some limitations of our current analysis deserve
mentioning. First, the patients in the e-HEALING
registry were not randomized to different durations of
DAPT. Therefore, the study groups may not be directly
comparable and we cannot rule out the possibility that
unmeasured confounders could have affected our
results. However, despite the adjustment for indepen-
dent predictors in Cox proportional-hazards models,
the unadjusted and adjusted HR is our analyses were
not affected. Second, underreporting of adverse events
is a potential important shortcoming of all large regis-
tries. This study was organized with a comprehensive
data-management plan that included frequent monitor-
ing of all participating sites and full event verification
designed to minimize the effects of this potential event
underreporting. Third, the main outcome included
repeat revascularization. We were not able to differen-
tiate repeat revascularization for cardiac biomarker
negative unstable angina from revascularization for re-
stenosis. While the former is mainly due to plaque rup-
ture and superimposed thrombus formation, the latter is
due to intimal hyperplasia. Consequently, DAPT poten-
tially influences only a part of this outcome. Finally,
given the low event rates for ST and bleeding,
our findings require confirmation in larger (random-
ized) trials.

CONCLUSION

In a post-hoc analysis of the e-HEALING registry of
patients undergoing PCI with Genous stent placement,
the duration of DAPT was not associated with the
occurrence of the outcomes TVF or ST. The Genous
stent may be an attractive stents especially in patients
at increased risk for (temporary) cessation of DAPT or
patients at an increased bleeding risk.
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