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Abstract

Objective: Currently no data exists regarding the outcomes after the novel Endothelial 
Progenitor Cell capturing stent (EPCcS) placement in bifurcation lesions using a provi-
sional T-stenting. This study evaluates the 1-year clinical outcome in patients treated with 
the EPCcS for a bifurcation lesion using a provisional T-stenting technique and compared 
these to a historical control group treated with an identical bare-metal stent (BMS).

Methods: In single-center study, 178 consecutive patients with a de novo bifurcation lesion 
treated with an EPCcS and 465 consecutive patients treated with an equivalent BMS were 
included. Multivariate and propensity-score analyses were performed to adjust for differ-
ences in clinical and angiographic characteristics between the EPCcS group and the BMS 
group. 

Results: At 1-year, the cumulative rate of the primary end point (cardiac death, myocardial 
infarction (MI), or target lesion revascularization (TLR)) was 12.4% in the EPCcS group 
and 17.2% in the BMS group (hazard ratio [HR] 0.70; 95% confidence interval [CI], 0.44-
1.12; P=0.13). The 1-year cumulative rate of TLR was lower among patients treated with 
EPCcS compared with the control stent as a result of fewer coronary artery bypass grafting, 
10.7% versus 12% respectively (HR 0.88; 95% CI, 0.53-1.49; P=0.64). The cumulative rate of 
definite ST was 0.6% in the EPCcS as compared with 0.4% in the BMS group. 

Conclusions: Although, the EPC stent shows favourable outcomes in the treatment of 
bifurcation lesions, the reduction in the cumulative rate of cardiac death, MI, or TLR as 
compared with the BMS was statistically non-significant. 
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Introduction

Coronary bifurcation lesions occur in approximately 15-20% of all percutaneous inter-
ventions [1; 2] and remain a challenge for interventional cardiologists. The treatment of 
bifurcation lesions is associated with an increased risk of adverse events and inferior angio-
graphic outcomes when compared to non-bifurcation lesions [1; 3-5]. Drug-eluting stents 
(DES) reduce the restenosis rates in the main branch, however, recurrence of side branch 
restenosis remains a problem even when multiple stents are used [6-10]. Furthermore, 
bifurcation stenting with DES may be associated with an increased risk of stent thrombosis 
(ST) [11-13]. 

The novel endothelial progenitor cell (EPC) capturing stent is coated with CD34+ anti-
bodies targeted at a surface antigen present on bone-marrow derived EPCs. After the EPCs 
are immobilized on the stent surface, it is hypothesized that these cells rapidly differentiate 
into a functional endothelial layer. This accelerated arterial repair mediated by the EPC 
capturing technology may effectively inhibit stent-related thrombus formation and neo-
intimal hyperplasia. The clinical safety and efficacy of the EPC capturing stent (EPCcS) 
was evaluated in the HEALING First-In-Man and HEALING II study in non-complex, de 
novo coronary artery lesions [14-16]. Excluding bifurcation lesions, both studies showed 
favorable clinical outcomes at 1-year follow-up and no ST was observed with only 1 month 
of dual antiplatelet therapy prescribed. 

The stent platform of the EPCcS, the stainless steel R stentTM, is designed with cells 
that can expand up to 4.5 mm in diameter providing good side branch accessibility. Previ-
ously, we have shown favorable long-term outcomes achieved after a provisional T-stent 
technique using the bare-metal R stent™ [17]. In this study, we evaluated the 1-year clinical 
outcome in patients treated with the EPCcS for a bifurcation lesion using a provisional 
T-stenting technique. Moreover, we investigated the impact of the EPCcS on the outcomes 
as compared with the equivalent bare-metal R stent™.

Methods

Source population
The data analyzed in our study were obtained from consecutive patients who underwent PCI 
for a de novo bifurcation lesion at the Academic Medical Center – University of Amsterdam 
between December 2000 and December 2007. All interventions were performed according 
to standard PCI guidelines. All patients received 5000 IU of unfractionated heparin. The 
use of peri-procedural glycoprotein IIb/IIIa receptor inhibitors was left at the discretion of 
the operator. Post PCI, patients were treated with aspirin 100 mg and clopidogrel 75 mg 
daily for one month, continuing aspirin 100 mg thereafter. 

Bifurcation lesions were treated according to a provisional T-stenting technique. After 
placement of the guiding catheter, 2 wires were introduced in the distal bed of the 2 branch-
es. Lesions were pre-dilated in the main branch and, when a true bifurcation lesion was 
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present, the side branch was pre-dilated with balloon angioplasty. After dilatation of the 
side branch, a single stent was placed in the main branch, covering the ostium of the side 
branch, thereby, jailing the side branch wire. Hereafter, the stent was re-crossed through 
the struts by re-introducing a guide wire in the origin of the side branch and subsequently 
opening of the struts (“fenestrating”) by balloon dilatation of the side branch. The aim was 
to achieve < 50% diameter stenosis in the side branch, but residual stenosis >50%, e.g. due 
to carina-shift, was accepted in case of TIMI 3 flow at the end of the procedure without 
significant dissection or stasis of contrast medium (optimal functional rather than optimal 
angiographic success). In case TIMI flow <3 in the side branch, additional prolonged dilata-
tions were performed. Provisional side branch stenting was performed when a significant 
dissection in the side branch occurred or when TIMI 3 flow could not be achieved in the 
side branch. Kissing balloon technique was left at the operator’s discretion. 

Since August 2005, when the EPCcS received CE mark, it replaced the bare-metal R 
stentTM as the preferred stent for the percutaneous treatment of de novo bifurcation lesions 
at our institution.

Endothelial Progenitor Cell capturing stent
The EPCcS (Genous Bio-engineered R stentTM, OrbusNeich Medical Technologies, Fort 
Lauderdale, FL, USA) is comprised of a covalently coupled polysaccharide matrix coating 
with monoclonal murine anti-human CD34+ antibodies on the stent surface, attached to 
a 316L stainless steel stent. These anti-CD34+ antibodies specifically target the circulating 
EPC population associated with post-natal neoangiogenesis and arterial repair response. 

The available sizes of the EPCcS in diameters were 2.5, 2.75, 3.0, and 3.5 mm with a length 
of 13, 15, 18, 23, 28, and 33 mm. The EPCcS has a modular structure with the center zone 
consisting of a continuous dual helix lattice. This configuration provides omni-directional 
flexibility and high radial strength. The cells in this region can be expanded up to 4.5 mm 
in diameter of all available sizes and lengths to enable excellent side branch access. With 
side branch dilatation through a strut, distortion of other stents occurs on the contra-lateral 
section of the stent, often lifting a part of the stent off the vessel wall. The design of the 
EPCcS offers cells that act independently, minimizing these distortional effects. 

Data source
We retrieved baseline demographic variables and procedural information that had been 
prospectively collected from our local electronic database. All angiograms were reviewed 
for angiographic characteristics typically for bifurcation lesions. Clinical follow-up was 
obtained at one year after the patient’s vital status had been verified from our hospital 
records and by identifying the patients in the national population registry (Dutch Central 
Bureau of Statistics). Patients were asked specific questions about the development of 
angina according to the Canadian Cardiovascular Society classification of stable angina and 
the Braunwald Classification of unstable angina. Patients were also monitored for major 
cardiac events, and the need for additional revascularization of the index target lesions. 
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When a major cardiac event was reported, review of hospital records, chart review, tel-
ephone contact with the referring cardiologists and/or the patient’s general practitioner 
were used to complete information.

Study population
We included all consecutive patients that underwent PCI for a de novo bifurcation lesion 
with an EPCcS at our institution between September 2005 and December 2007. All patients 
had either angina pectoris despite medical therapy or a positive stress test attributable to 
a de novo bifurcation lesion of a native coronary artery with >50% diameter stenosis of 
the main branch and/or the side branch. Patients treated for an unstable angina pectoris / 
acute coronary syndrome were also included. In our center the EPCcS was not used to treat 
patients undergoing primary PCI for ST-elevation myocardial infarction (STEMI).

The control group consisted of patients treated with a bare-metal R-stentTM for a bifur-
cation lesion with a provisional T-stenting technique between December 2000 and April 
2004 and was described previously.[17] Briefly, patients with a de novo bifurcation lesion 
and stable or unstable anginal symptoms were included. Patients undergoing primary PCI 
for STEMI were excluded.

End points and end point definitions
The primary end point of the study was the composite of cardiac death, myocardial infarc-
tion (MI) (unless unequivocally documented to arise from the non-treated coronary artery) 
and target lesion revascularization (TLR) at 1-year follow-up. All deaths were considered 
cardiac death unless otherwise documented. Peri-procedural MI was defined as a rise in 
the creatine kinase-MB level or troponin T level of 3 times the upper limit of normal. Spon-
taneous MI was defined as any rise in the creatine kinase-MB level or troponin T level 
above the upper limit of normal. TLR was defined as any repeat percutaneous intervention 
of the bifurcation target lesion or bypass surgery of the target vessel performed for reste-
nosis wherein the bifurcation target lesion was defined as the treated segment from 5 mm 
proximal to the stent and to 5 mm distal to the stent or the related side branch.

Secondary end points included non-cardiac death, MI, target vessel revascularization 
(TVR), non-TVR and ST within one year after the index procedure. The definitions of end 
points used were in accordance with the Academic Research Consortium (ARC) [18]. 

Statistical analyses
We used a Cox regression model and a propensity score analysis to adjust for the unequal 
distribution of the clinical and angiographic characteristics in this observational study. In 
the first method, a Cox regression analysis was performed to identify independent predic-
tors of the primary end point using all clinical and angiographic variables included in table 
1. The continuous variables age and lesion length were entered into the model as categorical 
variables as follows: age < 65 years and lesion length >20, respectively. For this analysis, the 
primary end point according to stent type was compared by the Cox regression analyses 
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adjusted for smoking, use of aspirin, 3-vessel disease, location of bifurcation in LAD and 
medina class 1,0,1. An alpha value of 0.1 was defined for retention of a variable in the 
regression model.

In the second method, we used propensity-score analysis in order to account for dif-
ferences between patients treated with an EPCcS and those treated with a BMS. For each 
patient, a propensity score indicating the likelihood of obtaining an EPCcS was calculated 
by forward logistic regression including all clinical and angiographic covariates. Goodness 
of fit of the propensity score was evaluated by the c statistic. The primary end point accord-
ing to stent type was compared by the logistic regression analysis adjusted for propensity 
score.

For all statistical analyses, we used the SPSS software package (version 15, SPSS Inc., 
Chicago, IL, USA). Continuous variables with normal distribution are presented as mean 
± standard deviation (SD), categorical variables as number (proportion). Analysis of dif-
ferences between groups was performed using Student’s 2-tailed unpaired t test or the 
chi-square test. The primary end point TVF was presented using the Kaplan-Meier method 
and the difference between groups was tested using the log-rank test.

Results

Baseline clinical, angiographic and procedural characteristics
The study population consisted of 178 consecutive patients that underwent PCI of a de 
novo bifurcation lesion with an EPCcS and 465 consecutive patients treated with a BMS. 
Baseline characteristics are summarized in table 1. Patients treated with the EPCcS had 
significantly more often hypertension, previous MI, stable angina, and treated with statins. 
The frequency of smokers was significantly higher in patients treated with BMS. The dis-
tribution of vessels treated as well as lesion complexity was different between both groups.  
Defined according to the Medina classification (1,1,1), (1,0,1) or (0,1,1), 415 (89%) lesions in 
the BMS group and 148 (83%) lesions in the EPCcS group represented a ‘true bifurcation’ 
lesion morphology. Patients treated with the EPCcS had significantly longer lesions. 

The procedural characteristics are summarized in table 2. Although, both groups were 
treated with a provisional T-stenting technique, significant differences were observed in 
the use of double wire, side branch occlusion after stent placement, stent fenestrated, post 
dilatation performed, and kissing balloon technique. Of the patients with a temporary 
occlusion of the side branch, 8 patients in the EPCcS group and 12 patients in the BMS 
group were treated with glycoprotein IIb/IIIa receptor inhibitors. In 2% of the patients in 
the EPCcS group and 8% in the BMS group (P=0.004), a stent was placed in the side branch 
because of a relevant significant stenosis and/or TIMI flow < 3 after balloon angioplasty 
alone. Stent length was significantly longer in the EPCcS group.
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Table 1 Baseline characteristics
EPCcS BMS

n = 178 n = 465 p
Clinical characteristics
   Age (y) 63 ± 11 61 ± 12 0,09
   Male 134 (75%) 351 (75%) 0,96
   Diabetes 28 (16%) 79 (17%) 0,70
      Requiring oral medication 17 (10%) 57 (12%) 0,53
      Requiring insulin 11 (6%) 22 (5%)
   Hypertension 81 (46%) 161 (35%) 0,01
   Hyperlipidemia 94 (53%) 217 (47%) 0,16
   Family history of CAD 94 (53%) 210 (45%) 0,08
   Current smoker 39 (22%) 171 (37%) <0.001
   Previous MI 53 (30%) 166 (36%) 0,16
   Previous PCI 47 (26%) 79 (17%) 0,007
   Previous CABG 5 (3%) 8 (2%) 0,38
   Angina pectoris
      Stable 111 (62%) 187 (40%) <0.001
      Unstable 67 (38%) 278 (60%)
   Aspirin 173 (97%) 443 (95%) 0,28
   Statin therapy 152 (85%) 273 (59%) <0.001
Angiographic characteristics
   Extent of CAD 0,71
      One vessel 96 (54%) 255 (55%)
      Two vessels 56 (31%) 149 (32%)
      Three vessels 26 (15%) 61 (13%)
   Location of bifurcation <0.001
      Left main/LAD/RCx 8 (4%) 3 (1%)
      LAD territory 105 (59%) 344 (74%)
      RCx territory 33 (19%) 63 (14%)
      RCA territory 32 (18%) 55 (12%)
   Medina classification 0,69
      0,0,1 7 (3,9%) 13 (2,8%)
      0,1,0 1 (0,6%) 3 (0,6%)
      1,0,0 4 (2,2%) 4 (0,9%)
      0,1,1 29 (16%) 108 (23%)
      1,0,1 18 (10%) 48 (10%)
      1,1,0 18 (10%) 30 (6,5%)
      1,1,1 101 (57%) 259 (56%)
   Bifurcation angle (°) 58 ± 20 51 ± 21 0,001
   ACC/AHA lesion classification 0,34
      A 2 (1%) 1 (%)
      B1 28 (16%) 45 (10%)
      B2 86 (48%) 268 (58%)
      C 62 (35%) 151 (32%)
   Calcification 86 (48%) 153 (33%) <0.001
   Chronic total occlusion 30 (17%) 69 (15%) 0,53
   Lesion length (mm) in main branch 18,5 ± 7,3 14,7 ± 6,9 <0.001
values are n (%) or mean±SD, EPCcS Endothelial Progenitor Cell capturing Stent, BMS bare-metal stent, 
CAD coronary artery disease, MI myocardial infarction, PCI percutaneous intervention, CABG coronary 
artery bypass grafting, LAD left anterior descending, RCx ramus circumflex, RCA right coronary artery
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Unadjusted analysis of the primary end point and its components
Follow-up was complete in all patients and events are summarized in table 3. The cumula-
tive rate of the primary end point, the composite of cardiac death, MI or TLR at 1 year, 
was 12.4% in the EPCcS group as compared with 17.2% in the control group (HR 0.70, 
95%CI 0.44-1.12; P=0.13). A Kaplan-Meier curve of the primary end point is shown in 
Figure 1. The cumulative rate of the composite of cardiac death or MI at 1 year was 3.4% in 

Figure 1 The 1-year cumulative incidence of the primary end point (composite of cardiac death, myocar-
dial infarction, or target lesion revascularization) of patients treated with an EPCcS and patients treated 
with a BMS.

Table 2 Procedural characteristics
EPCcS BMS
n = 178 n = 465 p

Pre-dilatation performed 160 (90%) 432 (93%) 0,21
Double wire used 131 (74%) 396 (85%) 0,001
Stent placement with 2nd wire in side branch 127 (71%) 308 (66%) 0,22
Side branch occlusion after stent placement 13 (7%) 68 (15%) 0,01
Stent fenestrated 56 (31%) 215 (46%) 0,001
Post-dilatation main branch performed 146 (82%) 336 (72%) 0,01
Kissing balloon 54 (30%) 105 (23%) 0,04

Stenting technique
   Provisional T, one stent 175 (98%) 430 (92%) 0,004
   Provisional T, two stents 3 (2%) 35 (8%)

Stent length (mm) in main branch 23,6 ± 10,0 17,5 ± 5,3 <0.001
Stent diameter (mm) in main branch 3,3 ± 0,4 3,3 ± 0,4 0,48
Procedural success 178 (100%) 463 (99,6%) >0.99
values are n (%) or mean±SD, EPCcS Endothelial Progenitor Cell capturing Stent, BMS bare-metal stent, 
PCI percutaneous coronary intervention
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the EPCcS group as compared with 7.3% in the control group (HR 0.45, 95%CI 0.19-1.07; 
P=0.07). The 1-year cumulative rate of the composite of cardiac death, MI or TVR was 
14.0% in the EPCcS group as compared with 19.6% in the control group (HR 0.69, 95%CI 
0.44-1.07; P=0.10).

At one year, 2 patients (1.1%) in the EPCcS group and 11 patients (2.4%) in the control 
group died from a cardiac cause. During one year, 5 patients (2.8%) in the EPCcS group and 

Table 3 One year clinical outcome of patients treated with the EPCcS verus the BMS
EPCcS BMS Hazard Ratio (95%CI)
n = 178 n = 465 p

Primary end point
   Composite of cardiac death, MI, or 
TLR

22 (12,4%) 80 (17,2%) 0.70 (0.44-1.12) 0,13

Other composite end points
   Composite of cardiac death or MI 6 (3,4%) 34 (7,3%) 0.45 (0.19-1.07) 0,07
   Composite of cardiac death, MI, or 
TVR 

25 (14,0%) 91 (19,6%) 0.69 (0.44-1.07) 0,10

Components of the primary end point
   Cardiac death 2 (1,1%) 11 (2,4%) 0.47 (0.11-2.13) 0,53

   MI 5 (2,8%) 27 (5,8%) 0.48 (0.18-1.24) 0,13
      Peri-procedural 1 (0,6%) 1 (0,2%)
      Spontaneous 4 (2,2%) 26 (5,6%)

   Any Stent thrombosis 3 (1,7%) 16 (3,4%) 0.49 (0.14-1.68) 0,25
      Definite 1 (0,6%) 2 (0,4%)
      Probable 2 (1,1%) 14 (3,0%)
      Possible 0 (0,0%) 0 (0,0%)

   TLR 19 (10,7%) 56 (12,0%) 0.88 (0.53-1.49) 0,64
      Percutaneous 16 (9,0%) 42 (9,0%)
      Surgical 3 (1,7%) 14 (3,0%)

   TVR / no TLR 3 (1,7%) 11 (2,4%) 0.71 (0.20-2.53) 0,59
      Percutaneous 2 (1,1%) 11 (2,4%)
      Surgical 1 (0,6%) 0 (0,0%)

Other events
   Non-cardiac death 3 (1,7%) 6 (1,3%) 1.12 (0.29-4.34) 0,87

   Non-TVR 9 (5,1%) 22 (4,7%) 1.07 (0.49-2.32) 0,87
      Percutaneous 9 (5,1%) 22 (4,7%)
      Surgical 0 (0,0%) 0 (0,0%)
values are n (%) or mean±SD; EPCcS Endothelial Progenitor Cell capturing Stent, BMS bare-metal stent, 
MI myocardial infarction, TLR target lesion revascularization, TVR target vessel revascularization
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27 patients (5.8%) in the control group had a MI (HR 0.48, 95% CI 0.18-1.24; P=0.13). In each 
treatment arm 1 MI was peri-procedural, all others were spontaneous. One EPCcS-treated 
patient (0.6%) had a definite ST with a subsequent MI in a left main-LAD-RCx bifurca-
tion lesion, at 7 days after the index procedure. This patient was treated with primary PCI 
and glycoprotein IIb/IIIa receptor inhibitors. This patient died of congestive heart failure 
20 days later. Noteworthy, this patient was prescribed clopidogrel for 2 weeks as he was 
planned to undergo Whipple surgery for an ampullary multifocal adenocarcinoma. In the 
control group, 2 patients (0.4%) had definite ST at 7 and at 12 days. TLR was performed in 
19 patients (10.7%) in the EPCcS group and in 56 patients (12.0%) in the control group (HR 
0.88, 95%CI 0.53-1.49; P=0.64).

Adjusted analysis of the primary end point
In the univariate analysis, the following factors were identified as predictors for the primary 
end point: smoking, use of aspirin, 3-vessel disease, location of bifurcation in LAD and 
medina class 1,0,1 (table 4). The adjusted HR for the primary end point of the EPCcS versus 
the BMS was (0.70, 95% CI 0.43-1.12; P=0.13) which was only slightly different from the 
unadjusted HR (0.70, 95% CI 0.44-1.12; P=0.13).

In the propensity score analysis, the following factors were identified as predictors of 
treatment assignment: lesion length > 20 mm, statin treatment at baseline, a lesion located 
in LM, stable angina, an A/B1 lesion, a calcified lesion, non smoking, a lesion not located in 
LAD, medina class 1,0,1, no previous MI, hypercholesterolemia, and positive family history. 
The c statistic (area under the curve) for the goodness of fit of the propensity score was 0.79. 
The HR for the treatment with the EPCcS remained unchanged after adjustment for the 
propensity score (0.70; 95% CI 0.40-1.24, P=0.22). 

Discussion

This is the first study reporting the outcomes for treatment of bifurcation lesions with 
the EPCcS. We found that EPCcS treatment of bifurcation lesions (relative to BMS treat-
ment) was associated with a numerical reduction (statistically non-significant) in the rate 

Table 4 Univariate and multivariate Cox regression analysis for the prediction of composite cardiac 
death, MI, or TLR at 1 year.

Univariate analysis Multivariate analysis
HR (95% CI) p HR (95% CI) p

EPC capturing stent 0.70 (0.44-1.12) 0,13 0.70 (0.43-1.12) 0,13

Smoking 0.60 (0.38-0.95) 0,03 0.59 (0.37-0.93) 0,03
Use of aspirin 0.47 (0.23-0.97) 0,04 0.50 (0.24-1.03) 0,06
3-vessel disease 1.84 (1.14-2.98) 0,01 1.85 (1.13-3.01) 0,01
Location of bifurcation in LAD 1.57 (0.99-2.49) 0,06 1.61 (1.00-2.59) 0,05
Medina class 101 0.43 (0.17-1.04) 0,06 0.44 (0.18-1.12) 0,07
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of cardiac death, MI, or TLR at 1-year follow-up, 12.4% vs. 17.2% respectively. The rate 
of spontaneous MI, as well as the rate of TLR, observed in the EPCcS group was non-
significantly lower as compared with the BMS group. The rate of definite ST in the EPCcS 
group as well as the control group was low. 

We used multivariate Cox regression and propensity score analysis to adjust for the 
unequal distribution of the clinical and angiographic characteristics. Adjustment for clinical 
and angiographic characteristics did not affect the HR by either multivariate Cox regression 
or the propensity score analysis. This indicates that the two (nonrandomized) treatment 
groups were well comparable and the difference in the event rates can not be explained by 
the difference in clinical and angiographic parameters. The difference in the primary end 
point did not reach statistical significance and the lack of a statistical significant difference 
may be explained by the relatively small sample size. A large randomized study will provide 
a definitive answer.

Up to date, there is a lack of randomized studies comparing BMS with DES in patients 
with a bifurcation lesion. The only randomized data comes from a subgroup analysis of the 
randomized SCANDSTENT study [19] in which the sirolimus-eluting stent (SES) was com-
pared with the BMS in patients with complex coronary artery disease. In patients treated 
for a bifurcation lesion SES significantly reduced the composite of death, MI or TLR com-
pared with BMS at 9-month follow-up, 9% versus 28% respectively. Except for stent length 
which was longer than in the BMS group of the SCANDSTENT study, baseline clinical and 
angiographic characteristics were comparable to our BMS group, however, the composite 
of cardiac death, MI or TLR in our BMS group was much lower. Due to the systematic 
angiographic follow-up in SCANDSTENT study, angiographically-driven revasculariza-
tion might have taken place. In our study, we did not obtain routine angiographic follow-up 
and the rate of the primary end point reflects ‘real-world’ practice. Although in our study 
the reduction in the composite end point was smaller, the 1-year clinical outcomes after 
EPCcS implantation are in line with the SES group of the SCANDSTENT. 

Recently, several randomized studies using DES for the treatment of bifurcation lesions 
have focused on the comparison of a one-stent to a two-stent strategy. In the Bifurca-
tions Bad Krozingen (BBK) study [20], provisional T-stenting was compared with routine 
T-stenting using sirolimus-eluting stents (SES) in 202 patients. At 1-year, no differences 
were observed in TLR (10.9% vs. 8.9%) or composite of death, MI and TLR (12.9% vs. 
11.9%). Similarly, the Nordic Bifurcation study compared a one-stent strategy with a 
two-stent strategy in 413 clinically stable patients using the SES [21]. At 14-months, no 
significant differences were found between both strategies regarding cardiac death (1.4% 
vs. 1.0%), MI (2.0% vs. 1.0%), TLR (6.5% vs. 5.6%) or target vessel failure (TVF) (9.5% vs. 
8.2%). In our study, the 1-year clinical results of the EPCcS using a provisional T-stenting 
technique, are in line with the results using a single stent / simple technique with DES of 
the aforementioned DES studies. As we aimed at a functional rather than an angiographic 
result in the side branch, in the EPCcS group kissing balloon was performed in only 30% 
which is comparable to the one stent group of the Nordic bifurcation study. This strategy 
is supported by a study by Koo et al., in which fractional flow reserve (FFR) measurements 
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showed that up to 70% angiographic ostial side branch stenosis following main branch 
stenting was not functionally significant [22]. Moreover, lesions with < 75% side branch 
stenosis had a FFR of > 0.75. In contrast, wide variations were found in side branch lesions 
with > 75% stenosis suggesting that not all angiographically significant side branch stenosis 
needed to be treated. Currently, the European Bifurcation Club has reached consensus that, 
with BMS and DES, a stepwise provisional T-stent strategy is the preferred approach [23]. 

Particularly in bifurcation lesions, ST might jeopardize a large myocardial area. Treat-
ment of bifurcation lesions was shown to be risk factor for DES thrombosis and was 
reported in 0 to 2.2% after an 1-stent technique [6; 20; 21; 24]. In our study, the cumulative 
rate of definite or probable ST was lower in the EPCcS group compared with the BMS 
group, with only one month of dual antiplatelet therapy prescribed in both groups. It is 
hypothesized that the EPC capturing technology promotes the arterial healing response 
by binding circulating EPCs, resulting in a rapid establishment of a functional endothelial 
monolayer. Hereby, the cellular vascular integrity and homeostasis are restored, which may 
prevent platelet aggregation and in-stent thrombus formation [25]. This is in contrast with 
the delayed re-endothelialization seen after DES placement and which was found to be a 
powerful histological predictor of late ST [26]. 

However, anti-CD34+ antibodies, the coating on the surface of EPCcS, is an antibody 
recognizing not only endothelial progenitor cells but also broad repertories of the bone-
marrow derived cells including smooth muscle progenitor cells. Stent implantation may 
induce differentiation of bone marrow derived into endothelial or smooth muscle cells [27]. 
Therefore, there is a possibility that the captured cells also differentiate simultaneously into 
smooth muscle cells, leading to restenosis. In non-complex lesions (excluding bifurcation 
lesions) the HEALING II study [15; 16] showed an in-stent late luminal loss of 0.78±0.39 
mm and percent in-stent volume obstruction was 22.9±13.7% (mean±sd) at 6 months after 
EPCcS placement. In contrast, in the SPIRIT II study [28] the everolimus-eluting stent 
(EES) was compared to the paclitaxel-eluting stent (PES). At 6 months, the in-stent late 
luminal loss was 0.11±0.27 mm and percentage volume obstruction was 2.5±4.7 in the EES 
group and in the PES group 0.36±0.39 mm and 7.4±7.0%, respectively. Remarkably, in the 
HEALING II study a significant late regression of neointimal hyperplasia was observed by 
quantitative coronary analysis between 6 months and 18 months follow-up, a phenomenon 
that is not observed after DES placement. Whether the EPCcS will perform equally well to 
a DES in bifurcation lesions needs to be evaluated in a randomized study. Currently, the 
EPCcS can be considered as a good alternative in those patients a DES is not favoured to 
treat a bifurcation lesion or in patients with a contra-indication for dual antiplatelet therapy. 

Although, our study is the largest on provisional T-stenting using the EPCcS, the number 
of patients is relatively low. Another major limitation of this study is the single-center, non-
randomized setting and subsequently the difference in patients’ background. Despite the 
encouraging results of the EPCcS, a randomized study is warranted to assess the validation 
of this study, and to compare the EPCcS with a DES. As no single technique may apply to all 
bifurcation lesions, the results of the EPCcS in this study may not apply when using other 
stenting techniques.
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In conclusion, in our study we show that EPCcS treatment of bifurcation lesions (relative 
to BMS treatment) was associated with a numerical reduction (statistically non-significant) 
in the rate of cardiac death, MI, or TLR at 1-year follow-up. Moreover, the rate of definite 
ST in the EPCcS group as well as the control group was low. 
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