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Performance of the Resolute Zotarolimus-Eluting
Stent in Small Vessels
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Franz-Josef Neumann,4 MD, Alan Yeung,5 MD, Stephan Windecker,6 MD, PhD,
Jorge A. Belardi,7 MD, Sigmund Silber,8 MD, PhD, Ian Meredith,9 MBBS, PhD,
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Background: Drug eluting stents for the treatment of small vessel coronary artery disease have traditionally yielded inferior clinical outcomes compared to the use of DES
in large vessels. The benefit of the second-generation Resolute zotarolimus-eluting
stent (R-ZES) in small vessels was examined. Methods: Two-year clinical outcomes
from five combined R-ZES studies were compared between patients with small (reference vessel diameter [RVD] 2.5 mm; n 5 1,956) and large (RVD >2.5 mm; n 5 3174)
vessels. Results: Despite a higher incidence of comorbidities in the small vessel
group, there was no significant difference in target lesion failure (TLF) (10.1% vs. 8.7%;
P 5 0.54) at 2 years. When the subgroup of patients with diabetes was examined
(n 5 1,553) there was no significant difference in 2-year TLF in small compared to large
vessels (11.2% vs. 11.1%; P 5 0.17). Similarly, within the small vessel cohort, no significant difference was seen regarding TLF at 2 years between people with and without diabetes (11.2% vs 9.6%; P 5 0.28). Conclusion: When used for the treatment of small
vessels, the R-ZES appears to provide acceptable clinical results at 2 years when compared to its performance in large vessels. VC 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Significant comparative benefits of drug eluting stent
(DES) compared to bare metal stent implantation have
been convincingly demonstrated. However, in certain
subgroups the benefit in regard to a reduction in
adverse cardiac events is attenuated. It has been well1

established that small reference vessel diameter (RVD)
is associated with serious adverse short- and longterm clinical outcomes following implantation of DES
[1–3]. While first generation DES have demonstrated
clinical benefit compared to bare metal stents in small
vessels, these outcomes are still inferior to those seen
with DES in the treatment of large vessels [4–8].
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Adverse cardiac outcomes following stent implantation
are also higher in patients with diabetes, a clinical
characteristic that is associated with small RVD [8,9].
To address this problem, second-generation DES have
been designed with thinner struts, biocompatible polymers, and antiproliferative drugs with specific elution
kinetics [10]. The ResoluteTM zotarolimus eluting stent
(R-ZES; Medtronic Inc, Santa Rosa, CA) is a secondgeneration device that has been extensively studied in
US and international trials [11–17] and has shown benefit in treatment of patients with diabetes [14,18]. We
sought to evaluate the performance of this device in
the context of small RVD using the clinical data
accrued in these trials.

METHODS

We selected the five Resolute stent studies that had
a minimum of 2-year clinical follow-up for analysis—
RESOLUTE [11,12] (n ¼ 139), RESOLUTE US
[13,14] (n ¼ 1,402), RESOLUTE All Comers [15,16]
(n ¼ 1140), RESOLUTE International [17] (n ¼ 2,349),
and RESOLUTE Japan (n ¼ 100). Briefly, RESOLUTE
was a first in man study, RESOLUTE All Comers was
a randomized noninferiority study comparing the
R-ZES and XIENCETM everolimus-eluting stent (EES;
Abbot Laboratories, Santa Clara, CA) in unrestricted
clinical practice, RESOLUTE International was a nonrandomized study that excluded only patients with
acute ST-elevation myocardial infarction, and RESOLUTE US and RESOLUTE Japan were nonrandomized
studies that enrolled according to the inclusion and
exclusion criteria associated with product labeling.
The measurement of RVD from the index procedure
was performed following the administration of intracoronary nitroglycerin or isosorbide dinitrate according
to standard angiographic core lab criteria.
The R-ZES employs a low-profile, thin-strut cobalt
alloy platform. The stent elutes zotarolimus from the
BiolinxTM tripolymer coating that provides a hydrophilic surface to enhance the biocompatibility of the
stent and a hydrophobic component that facilitates the
slow release of zotarolimus out to 180 days. The new
Resolute IntegrityTM (Medtronic Inc, Santa Rosa, CA)
iteration uses a continuous sinusoidal design to
improve flexibility and deliverability of the stent
[19,20].
The studies for this analysis used R-ZES stents with
diameters ranging from 2.5 to 4.0 mm. The 2.25 mm
diameter R-ZES device was not used. Predilatation of
the study lesion was mandatory only in RESOLUTE
US and RESOLUTE Japan. High pressure (12 atm)
stent deployment or postdilatation at high pressure with
a non-compliant balloon was encouraged in all cases.

Operators were instructed to perform post-dilatation
with balloons shorter than the deployed stent. All
patients were treated with dual antiplatelet therapy for
a minimum duration of 6 months in all studies and
continued at the discretion of the operator thereafter.
Endpoints analyzed in this study included cardiac
death, target vessel myocardial infarction, and target
lesion revascularization. The composite of these individual endpoints comprised the endpoint of target
lesion failure (TLF). Deaths were adjudicated as cardiac unless an unequivocal noncardiac cause could be
established. The composite endpoints of major adverse
cardiac event (death, myocardial infarction, or target
vessel revascularization) and target vessel failure (cardiac death, target vessel myocardial infarction, or target lesion revascularization) were also collected. Target
vessel myocardial infarction was defined using the
extended historical criteria [15]. Definite and probable
stent thrombosis was defined using the Academic
Research Consortium criteria [21].
All patients were planned to undergo clinical followup at 6, 12, and 24 months.
Baseline angiographic data were reviewed by core
laboratories in all studies but RESOLUTE International
(site-reported and visually estimated). Clinical outcomes
were adjudicated by clinical events committees, and
safety outcomes were monitored by data monitoring
committees. The members of these committees were independent, not directly involved in the studies, and free
of conflicts of interest. Academic research organizations
coordinated the committees’ work, and oversight measures were taken to harmonize definitions across studies
in the RESOLUTE Global Clinical Program.
Baseline characteristics were compared between
patients with small vessels (RVD  2.5 mm; hereinafter,
small vessel group) or without small vessels (RVD > 2.5
mm or missing; hereinafter, large vessel group).
Continuous variables were evaluated using the 2sample t-test. Binary variables were evaluated using
Fisher’s exact test. Categorical variables were evaluated by Cochran-Mantel-Haenszel modified ridit
scores. Propensity scores were calculated with small
vessel status as the dependent variable and the following baseline characteristics as independent variables:
age, gender, current smoker, prior percutaneous coronary intervention, hyperlipidemia, diabetes, hypertension, prior myocardial infarction, prior coronary artery
bypass graft, unstable angina or myocardial infarction,
lesion in left anterior descending artery, B2/C lesion,

moderate/severe calcification, bend > 45 , thrombolysis
in myocardial infarction score of 3, RVD, lesion
length, and % of diameter stenosis. The comparisons
of clinical outcomes were adjusted to propensity scores
by patients with or without small vessels.
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TABLE I. Baseline Characteristics

Age
Male
Diabetes mellitus
Insulin-dependent
Hypertension
Hyperlipidemia
Current smoker
Prior myocardial infarction
Prior percutaneous coronary
intervention
Prior coronary artery bypass graft
History of stroke or transient
ischemic attack
Clinical status:
Stable angina
Unstable angina
Myocardial infarction
Silent ischemia

Reference Vessel
Diameter  2.5mm
(n ¼ 1956 patients)

Reference Vessel
Diameter > 2.5mm
(n ¼ 3174 patients)

P value

64.7 6 10.9
1397/1956 (71%)
672/1956 (34%)
211/1956 (11%)
1506/1956 (77%)
1497/1956 (77%)
409/1956 (21%)
529/1940 (27%)
648/1956 (33%)

63.3 6 11.0
2445/3174 (77%)
863/3174 (27%)
244/3174 (8%)
2257/3174 (71%)
2173/3174 (69%)
806/3174 (25%)
816/3148 (26%)
937/3174 (30%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.295
0.007

178/1956 (9%)
50/689 (7%)

261/3174 (8%)
40/813 (5%)

0.281
0.064

1203/3174 (38%)
807/3174 (25%)
763/3174 (24%)
110/3174 (4%)

<0.001
–
–
–
–

773/1956
522/1956
390/1956
51/1956

(40%)
(27%)
(20%)
(3%)

Values are patients except for age, which is mean years 6 standard deviation.

SAS software version 9.1 or later (SAS Institute,
Cary, NC) was used for all statistical analyses. P-values <0.05 were considered statistically significant.
RESULTS

A total of 5,130 patients were included in this analysis, of whom 1,956 were in the small vessel group
(RVD  2.5 mm) and 3,174 were in the large vessel
group (RVD >2.5 mm). Baseline clinical characteristics differed significantly between these groups (Table
I). The patients in the small vessel group were found
to be older and more often female. The small vessel
group also had a significantly higher incidence of
comorbidities such as diabetes, insulin-requiring diabetes, hypertension, and dyslipidemia. Compared with the
large vessel group, significantly fewer small vessel
patients had prior percutaneous coronary intervention,
and fewer were active smokers. Compared with the
large vessel group, more patients in the small vessel
group were treated for stable and unstable angina and
fewer were treated for acute ST-elevation myocardial
infarction.
An intergroup comparison of baseline angiographic
characteristics (Table II) revealed a baseline RVD of
2.4 6 0.4 mm in the small vessel group and 3.1 6 0.4
mm in the large vessel group (P < 0.001). There was a
higher prevalence of multivessel disease in the small
vessel group as well as a higher prevalence of left anterior descending and left circumflex coronary disease
(all P < 0.001). Lesion length was 14.7 6 9.2 mm in

the small vessel group and 16.5 6 9.6 mm in the large
vessel group (P < 0.001). Lesion % diameter stenosis
was over 70% by quantitative coronary angiography in
both groups.
There was a slightly higher rate of TLF at 2 years in
the small vessel group compared to the large vessel
group (10.1% vs. 8.7%, adjusted P ¼ 0.53) that did not
reach statistical significance. Similarly there was no
statistically significant difference at 2 years in the individual endpoints of target vessel myocardial infarction,
target lesion revascularization, and cardiac death (Table
III, Fig. 1). Definite and probable stent thrombosis
rates at 2 years were low in both groups (0.8% vs.
1.0%, adjusted P ¼ 0.29) with few events occurring after 1 year (0.1% vs. 0.2%, adjusted P ¼ 0.283) (Table
III).
Intergroup comparisons of small and large vessel
patients with diabetes resulted in no statistically significant difference for TLF (11.2% vs. 11.1%, adjusted
P ¼ 0.17), target lesion revascularization, target vessel
myocardial infarction, and cardiac death at 2 years
(Fig. 2). Two-year stent thrombosis rates in patients
with diabetes were 0.9% in the small vessel group and
1.4% in the large vessel group (adjusted P ¼ 0.30).
When comparison within the small vessel group was
made comparing patients with and without diabetes,
the clinical endpoints were similar; the rate of TLF
was 11.2% vs. 9.6% in patients with and without diabetes (adjusted P ¼ 0.28). Stent thrombosis rates were
0.8% vs. 0.9% (adjusted P ¼ 0.73) with only one event
in each group after 360 days (Fig. 2).
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TABLE II.

Baseline Angiographic Characteristics

Vessel disease status (>50%), patients
Single
Double
Triple
Lesion location, patients
Left anterior descending artery
Left circumflex artery
Right coronary artery
Left main artery
Reference vessel diameter, mm
Minimum lumen diameter, mm
Lesion length, mm
Mean pre-procedure % diameter stenosis

Reference vessel
diameter  2.5 mm
(n ¼ 1,956 patients,
2,974 lesions)

Reference vessel
diameter > 2.5 mm
(n ¼ 3,174 patients,
3,884 lesions)

P value

590/1217 (49%)
410/1217 (34%)
207/1217 (17%)

918/1564 (59%)
433/1564 (28%)
206/1564 (13%)

<0.001
–
–
–

1058/1956 (54%)
809/1956 (41%)
554/1956 (28%)
20/1956 (1%)
2.4 6 0.4
0.6 6 0.4
14.7 6 9.2
72.8 6 16.3

1478/3174 (47%)
727/3174 (23%)
1164/3174 (37%)
75/3174 (2%)
3.1 6 0.4
0.7 6 0.5
16.5 6 9.6
77.7 6 16.1

<0.001
<0.001
<0.001
<0.001
<0.001
0.002
<0.001
<0.001

For RESOLUTE International, angiographic measurements were site-reported. Values are number of units or mean 6 standard deviation.

TABLE III.

Clinical Outcomes to 2 Years

Target lesion failure
Target vessel failure
Major adverse cardiac events
Cardiac death or target vessel
myocardial infarction
Death
Cardiac death
Target vessel myocardial infarction
Clinically driven target lesion
revascularization
Clinically driven target vessel
revascularization
Definite/probable stent thrombosis
Early (30 days)
Late (> 30 days and 360 days)
Very late (>360 days)

Reference vessel diameter  2.5 mm
(n ¼ 1,912 patients)

Reference vessel diameter > 2.5 mm
(n ¼ 3,102 patients)

Adjusted P value

194 (10.1%)
234 (12.2%)
232 (12.1%)
109 (5.7%)

271 (8.7%)
313 (10.1%)
321 (10.3%)
161 (5.2%)

0.535
0.690
0.569
0.488

69 (3.6%)
39 (2.0%)
75 (3.9%)
102 (5.3%)

116 (3.7%)
73 (2.4%)
98 (3.2%)
135 (4.4%)

0.646
0.668
0.380
0.341

147 (7.7%)

187 (6.0%)

0.557

16 (0.8%)
10 (0.5%)
5 (0.3%)
2 (0.1%)

31 (1.0%)
20 (0.6%)
6 (0.2%)
5 (0.2%)

0.288
0.550
0.360
0.283

Values are patients. Refer to text for endpoint definitions. P-values are adjusted by propensity scores, the independent variables of which are listed
in the Methods. P value is adjusted to propensity score.

DISCUSSION

Smaller RVD is a variable that has been associated
with a higher incidence of adverse angiographic and
clinical outcomes following implantation of bare metal
stents and first generation DES [1–8]. Secondgeneration DES have incorporated improvements in
scaffold design, polymers, and anti-proliferative drug
elution kinetics to achieve improved clinical performance in this higher risk sub-group [10]. In this analysis,
the 2-year clinical outcomes following implantation of
the second-generation R-ZES were similar in patients
with small vessels (RVD  2.5 mm) compared with

those with larger vessels (RVD > 2.5 mm). Similarly,
there was no significant difference in the incidence
of definite and probable stent thrombosis between
groups.
Post hoc and pooled analyses of clinical outcomes
following treatment of coronary artery disease with the
EES have reported superior outcomes compared to the
first-generation paclitaxel-eluting stent (PES) [22,23].
In the SPIRIT III trial, clinical outcomes at 9 months
following treatment with a 2.5 mm EES or PES (TaxusTM Express, Boston Scientific Corp, Natick, MA)
showed significantly lower rates of major adverse cardiac events primarily related to lower rates of target
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Fig. 1. Comparison of 2-year clinical event rates in small (RVD  2.5 mm) vs. large vessel
(RVD > 2.5 mm) groups. Stent thrombosis was adjudicated according to Academic Research
Consortium criteria (Ref. 21). Refer to text for other endpoint definitions. P-values are
adjusted by propensity scores, the independent variables of which are listed in the Methods.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Fig. 2. Comparison of 2-year clinical outcomes in small vessel group (RVD  2.5 mm)
patients with and without diabetes and in small vs. large group (RVD > 2.5 mm) patients with
diabetes. Stent thrombosis was adjudicated according to Academic Research Consortium
criteria (Ref. 21). Refer to text for other endpoint definitions. P-values are adjusted by propensity scores, the independent variables of which are listed in the Methods. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

lesion revascularization (1.3% vs 12.5%, P ¼ 0.002)
[23]. Longer follow-up is reported in a pooled analysis
of three SPIRIT trials plus the COMPARE trial looking
at both lesion length and vessel size. In patients with
long lesions (length > 13.4 mm) in small vessels
(RVD  2.65 mm) the 2-year rate of major adverse cardiac events was 9.1% for EES and 12.7% for PES. In
patients with long lesions or small vessels, major
adverse cardiac events were seen in 6.6% and 11.2%
of patients receiving an EES or a PES at 2 years. The
2-year rates of major adverse cardiac events were lowest in the patients with larger vessels and shorter lesion
length (4.8% and 7.0%) [22]. However none of these

patient groups is comparable to the study population
reported here (RVD < 2.5 mm with mean lesion length
of 14.7 6 9.2 mm).
A substudy of the LEADERS trial assessed the
impact of vessel size on outcomes following treatment
with a biolimus-eluting degradable polymer stent
(BES; BiomatrixTM Flex, Biosensors Inc, Newport
Beach, CA) and a sirolimus-eluting stent (SES;
CypherTM Select, Cordis Corp, Miami Lakes, FL) [24].
Small vessel disease was defined as a RVD  2.75
mm. In contrast to our data, the rates of major adverse
cardiac events (12.1% vs. 7.1%, P ¼ 0.04) and target
lesion revascularization (9.6% vs. 2.6%, P ¼ 0.0013) at
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1 year with the BES were significantly greater in
patients with small vessels than in those with larger
vessels. There was no significant difference in clinical
outcomes between the patients with small vessels
treated with BES versus SES.
The effect of diabetes, often associated with small
vessel diameter, was also examined between the large
and small vessel groups as well as within the small
vessel group. Compared to patients with diabetes, there
was a slightly lower 2-year clinical event rate in
patients without diabetes that did not reach statistical
significance. Furthermore, among patients with diabetes there was no difference in 2-year clinical events
between the large and small vessel groups. No other
studies of second-generation DES use in patients with
small vessel disease report outcomes in the diabetic
subset. These results are consistent with over all outcomes following R-ZES treatment in patients with diabetes [18].
The retrospective design of this study may be considered a limitation. Another potential limitation is the
variation in patient inclusion criteria between the studies incorporated in the analysis. However, the uniformity in data collection, follow-up, and end point
definitions within these studies organized as part of a
comprehensive study program may have attenuated this
issue. Our definition of small vessel (angiographic
diameter  2.5 mm) was arbitrary and our data analysis
was performed in binomial fashion. These results may
not be generalizable to smaller vessels that may be
treated with a 2.25 mm stent, which was not available
at the time of these studies. Prior studies have suggested a continuous increase in adverse events with
decreasing vessel size. Finally, baseline angiographic
data—including RVD—for a large proportion of subjects (all those enrolled in RESOLUTE International)
were collected via site reports of visual estimation.
Analysis of pooled data from the RESOLUTE global
clinical program demonstrates similar 2-year clinical
outcomes in large (RVD > 2.5 mm) and small
(RVD  2.5 mm) vessels with the second-generation RZES. R-ZES appears to be equally safe and effective
in patients with both small and larger vessel diameters
including patients with diabetes.
CONCLUSION

Analysis of pooled data from the RESOLUTE global
clinical program demonstrates similar 2-year clinical
outcomes in large (RVD > 2.5 mm) and small (RVD 
2.5 mm) vessels with the second-generation R-ZES. RZES appears to be equally safe and effective in
patients with both small and larger vessel diameters
including patients with diabetes.
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