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Abstract
Aims: The impact of age on outcomes following everolimus-eluting stent (EES) or paclitaxel-eluting stent 
(PES) implantation was evaluated in a patient-level pooled analysis of the SPIRIT III (n=1,002) and SPIRIT 
IV (n=3,687) trials.

Methods and results: Clinical outcomes with EES compared to PES in elderly (≥65 years, n=2,071) and 
younger (<65 years, n=2,617) patients were evaluated at one year. At one year, elderly patients treated with 
EES rather than PES showed a significant reduction in target lesion failure (TLF) (3.9% EES vs. 6.8% PES, 
p=0.006), major adverse cardiac events (MACE) (4.0% EES vs. 7.1% PES, p=0.005), and ischaemia-driven 
target lesion revascularisation (ID-TLR) (2.0% EES vs. 4.0% PES, p=0.01). Younger patients treated with 
EES rather than PES also had significantly reduced one-year rates of TLF (4.9% EES vs. 7.9% PES, p=0.003), 
MACE (5.0% EES vs. 8.0% PES, p=0.004), target vessel myocardial infarction (MI) (2.0% EES vs. 3.4% 
PES, p=0.04), ID-TLR (3.3% EES vs. 5.5% PES, p=0.01) and stent thrombosis (0.5% EES vs. 1.6% PES, 
p=0.01).

Conclusions: In a pooled analysis from the SPIRIT III and IV trials, EES was safer and more effective than 
PES in both younger and older cohorts as evidenced by lower rates of TLR, TLF and MACE.
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Introduction
Compared to their younger counterparts, elderly patients have sig-
nificantly greater comorbidities, including more extensive coronary 
artery disease, and a more frequent history of prior myocardial 
infarction and coronary artery bypass grafting1,2. Older patients 
account for an increasing proportion of percutaneous coronary 
interventions (PCI) and have a higher risk of periprocedural com-
plications2. Drug-eluting stents (DES) are now widely used in all 
age groups, but there are limited studies with sufficient statistical 
power that compare outcomes in elderly patients with those from 
younger patients, or that identify whether there are age-specific dif-
ferences between different DES. The SPIRIT III (n=1,002) and IV 
(n=3,687) trials randomised a total of 4,689 patients to everolimus-
eluting stents (EES) vs. paclitaxel-eluting stents (PES3,4). Of the 
4,689 patients, 44.2% were ≥65 years and the median age was 63.2 
years. The United States is projected to experience rapid growth in 
its older population (over the age of 65) between 2010 and 2050 
with the baby boomers beginning to cross into this category in 
20115. Most people aged 65 or older are eligible for Medicare hos-
pital insurance in the United States. The standard age of eligibility 
to pension benefits is set at 65 years in two-thirds of  Organisation 
for Economic Co-operation and Development (OECD) countries6. 
We therefore examined data from the pooled SPIRIT III and SPIRIT 
IV databases to determine the effect of age on outcomes in patients 
treated with PCI using EES and PES.

Methods
PATIENTS AND PROTOCOL
The design of the SPIRIT III and IV trials, which were both pro-
spective, multicentre, randomised, single-blind, active-controlled 
studies, have previously been described3,4. In brief, SPIRIT III ran-
domised 1,002 patients with either one or two de novo native coro-
nary artery lesions (maximum, one lesion per epicardial coronary 
artery) in a 2:1 ratio to receive either EES (XIENCE V™; Abbott 
Vascular, Santa Clara, CA, USA) or PES (TAXUS™ EXPRESS2™; 
Boston Scientific, Natick, MA, USA), respectively. SPIRIT IV ran-
domised 3,687 patients with one, two or three previously untreated 
native coronary artery lesions (maximum two lesions per epicardial 
vessel) in a 2:1 ratio to EES vs. PES. Clinical and angiographic 
inclusion criteria were similar between studies and included study 
lesion diameter stenosis of ≥50% and <100%, reference vessel 
diameter ≥2.5 mm and ≤3.75 mm, and lesion length ≤28 mm. For 
both trials, EES were available in diameters of 2.5 to 4.0 mm and 
lengths of 8, 18 and 28 mm, while the full range of commercially-
available PES diameters of 2.5 to 3.5 mm and lengths of 8, 12, 16, 
20, 24, 28 and 32 mm were used. Both studies were approved by 
the institutional review boards at participating centres, and consec-
utive eligible patients signed informed consent.

MEDICATION ADMINISTRATION AND CLINICAL FOLLOW-UP
In both trials, aspirin ≥300 mg was administered prior to catheteri-
sation and an oral clopidogrel load of ≥300 mg was recommended 
pre-procedure and required within one hour after stent implanta-

tion. In both trials, aspirin ≥80 mg was administered daily indefi-
nitely, and clopidogrel 75 mg daily was prescribed for ≥6 months 
(SPIRIT III) or for ≥12 months (SPIRIT IV). In both trials, clinical 
follow-up was scheduled at 30, 180, 270, and 365 days and then 
yearly for five years.

CLINICAL ENDPOINTS AND DEFINITIONS
Endpoint definitions have been described previously and were sim-
ilar in both trials3,4. Target lesion failure (TLF) at one year was 
defined as the composite of cardiac death, target vessel myocardial 
infarction (MI) or ischaemia-driven target lesion revascularisation 
(ID-TLR) by either PCI or coronary artery bypass surgery (CABG). 
Additional endpoints for analysis included the composite of cardiac 
death or target vessel MI, ID-TLR, major adverse cardiac events 
(MACE; defined as the composite of cardiac death, MI or ID-TLR). 
Stent thrombosis was adjudicated using the Academic Research 
Consortium (ARC) definite or probable criteria7. Bleeding (haem-
orrhagic) complications for both SPIRIT III and IV included hae-
matoma requiring transfusion or surgical repair, and any bleeding 
event associated with haemoglobin drop >5 g/dL or requiring trans-
fusion or surgical repair (e.g., retroperitoneal bleed, gastrointestinal 
[GI] bleed, access site bleed).

STATISTICAL ANALYSIS
Since examination of subgroup data is inherently under-powered, 
the SPIRIT III and IV databases were pooled, justified on the basis 
of similar inclusion and exclusion criteria, randomisation ratios, 
endpoint definitions and clinical follow-up schedules. Pooling of 
patient-level data from both trials yielded a total of 4,689 ran-
domised patients. Data were analysed in two groups, younger (<65 
years) vs. older (>65 years) cohorts.

Binary variables are presented as percentages, and were com-
pared by Fisher’s exact test. Continuous variables are presented as 
mean±standard deviation, and were compared by t-test. All analysis 
was performed for the intent-to-treat population, consisting of all 
patients randomised, regardless of the treatment actually received. 
Only patients who had follow-up information and/or occurrence of 
an event are included in the denominator calculation for the binary 
endpoints. In other words, patients lost to follow-up in whom no 
event had occurred by a certain time-point were excluded from the 
analysis of binary endpoints. Kaplan-Meier curves representing the 
estimated cumulative incidence rates were also constructed for time-
to-event variables and compared by log-rank test. Univariable and 
multivariable logistic regression analyses were performed for older 
and younger patient groups, respectively. Included in these analyses 
are demographic, clinical and procedural variables. Final models 
were selected and presented with selection criteria based on both sta-
tistical significance and clinical consideration. Logistic regression 
was also conducted to evaluate the interaction between the treatment 
and different age groups. A two-sided a=0.05 was used for all supe-
riority testing. All p-values are displayed for descriptive purposes 
only. All statistical analyses were performed by SAS® version 9.1.3 
(SAS Institute, Inc., Cary, NC, USA).
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Results
PATIENT POPULATION AND CHARACTERISTICS
A total of 4,688 patients from SPIRIT III and IV were randomised. 
Of these, 2,071 (44.2%) were ≥65 years of age, and 2,617 (55.8%) 
were <65 years old. In the ≥65 year cohort, 1,378 and 693 patients 
were randomised to EES vs. PES, respectively. In the <65 year 
cohort, 1,749 and 858 patients were randomised to EES vs. PES, 
respectively. Data on patient and lesion characteristics in older and 
younger patients treated with EES vs. PES are provided in Table 1. 
Median age was 56 years in the younger cohort and 73 years in the 
older cohort. Younger patients had lower rates of hypertension, but 
were more likely to be male and smokers compared to the older 

population. In both older and younger cohorts, patient and lesion 
characteristics were similar in EES vs. PES patients. While proce-
dural factors (Table 1) were similar in older and younger cohorts, 
the number of stents per lesion, total stent length per lesion and total 
stent to lesion length ratio were all higher for EES compared to 
PES, in both cohorts.

CLINICAL OUTCOMES AT ONE YEAR
TLF and MACE rates at one year were significantly lower in the 
EES compared to PES subgroup in both older and younger patients 
(Table 2). Kaplan-Meier (KM) estimates of TLF rates showed 
a difference of 2.9% between EES and PES in both cohorts at one 

Table 1. SPIRIT III and IV pooled analysis: baseline patient and lesion characteristics and procedural results by age and stent type.

Age ≥65 N=2,071 Age <65 N=2,617

XIENCE V 
(N=1,378) 
(NL=1,734)

TAXUS 
(N=693) 
(NL=881)

p-value
XIENCE V 
(N=1,749) 
(NL=2,180)

TAXUS 
(N=868) 

(NL=1,087)
p-value

Age (in years) 72.9±5.5 72.5±5.9 0.18 55.6±6.6 55.8±6.2 0.59

Male (%) 61.6 59.6 0.39 73.5 73.5 1.00

Hypertension (%) 83.0 80.5 0.16 72.5 71.8 0.71

Diabetes mellitus (%) 32.4 32.2 0.96 30.8 30.9 0.96

Current smoker (%) 10.1 9.3 0.64 31.7 32.9 0.56

Prior MI (%) 20.8 17.4 0.07 20.9 21.2 0.88

Unstable angina (%) 23.8 26.5 0.19 27.3 29.3 0.30

Age (in years) 72.9±5.5 72.5±5.9 0.18 55.6±6.6 55.8±6.2 0.59

Diseased, native, major epicardial coronary arteries (%)

Single 60.0 58.9 0.64 63.9 65.3 0.49

Double 28.2 30.2 0.38 26.9 27.3 0.82

Triple or more 11.8 10.8 0.56 9.2 7.4 0.12

Lesion location

LAD (%) 40.4 39.4 0.61 40.8 41.3 0.79

LCX (%) 25.5 27.0 0.40 24.3 25.1 0.64

RCA (%) 34.1 33.5 0.79 34.9 33.6 0.48

LMCA (%) 0.0 0.1 0.34 0.0 0.0 1.00

Calcification (%) (moderate or severe) 31.7 29.6 0.28 21.6 22.1 0.75

QCA

RVD (mm) 2.74±0.48 2.73±0.47 0.80 2.70±0.47 2.77±0.46 0.41

MLD (mm) 0.76±0.39 0.78±0.39 0.39 0.76±0.38 0.76±0.40 0.64

% DS 71.6±12.5 70.9±12.8 0.21 72.0±12.9 71.9±13.1 0.88

Lesion length (mm) 14.5±6.4 14.5±6.7 1.00 15.0±6.5 14.6±6.3 0.16

Number of lesions per patient 1.26±0.48 1.27±0.51 0.58 1.25±0.49 1.25±0.49 0.77

Number of stents per patient 1.45±0.74 1.43±0.74 0.54 1.46±0.74 1.42±0.73 0.25

Number of stents per lesion 1.16±0.42 1.13±0.39 0.05 1.17±0.45 1.14±0.40 0.02

Total stent length per lesion 22.13±8.49 20.70±8.42 <0.0001 22.75±9.03 21.29±8.97 <0.0001

Total stent to lesion length ratio 1.66±0.73 1.55±0.70 0.0002 1.63±0.64 1.55±0.58 0.0001

Bifurcation lesion (%) 29.1 29.0 1.00 30.6 29.1 0.37

MI: myocardial infarction; LAD: left anterior descending coronary artery; LCX: left circumflex coronary artery; RCA: right coronary artery; 
LMCA: left main coronary artery; QCA: quantitative coronary angiography; RVD: reference vessel diameter; MLD: minimum luminal diameter; 
DS: diameter stenosis; N: total number of patients; NL: total number of lesions
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year (Figure 1A and Figure 1B). The rate of target vessel MI was 
significantly reduced with EES compared to PES in the younger 
cohort, driven by fewer Q-wave and non-Q-wave MI with EES. 
Ischaemia-driven target lesion revascularisation (ID-TLR) rates 

Table 2. SPIRIT III and IV pooled analysis: clinical outcomes by age and stent type.

Age ≥65 N=2,071 Age <65 N=2,617

EES (N=1,378) PES (N=693) p-value EES (N=1,749) PES (N=868) p-value

TLF (%)* 3.9 6.8 0.006 4.9 7.9 0.003

Cardiac death (%)** 0.5 0.7 0.55 0.5 0.4 1.00

Target vessel MI (%)** 1.8 2.6 0.18 2.0 3.4 0.04

Q-wave (%)** 0.1 0.1 0.55 0.2 0.6 0.16

Non-Q-wave (%)** 1.7 2.5 0.24 1.8 2.9 0.08

Ischaemia-driven TLR (%)** 2.0 4.0 0.01 3.3 5.5 0.01

MACE (%)* 4.0 7.1 0.005 5.0 8.0 0.004

Stent thrombosis (ARC def/prob, %)** 0.3 0.3 1.00 0.5 1.6 0.01

Bleeding complication (%)** 3.8 4.5 0.47 2.6 2.5 1.00

TLF: cardiac death, target vessel MI and ischaemia-driven TLR; MACE: cardiac death, MI, ischaemia-driven TLR; *: hierarchical subject count; 
**: non-hierarchical subject count

Figure 1. Kaplan-Meier time-to-event curves showing target lesion 
failure rates through one year for everolimus-eluting vs. paclitaxel-
eluting stents in: (A) patients ≥65 years of age; and (B) patients <65 
years of age.
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were significantly lower for EES in both younger and older cohorts 
(Table 2). There were no significant interactions by treatment type 
between older and younger subgroups for the one-year rates of TLF, 
MACE or ID-TLR (p-interaction=0.65, 0.74 and 0.71, respec-
tively). Stroke rates were similar in both treatment arms in both 
older (EES vs. PES: 1.2% vs. 1.9%, p=0.232) and younger (EES vs. 
PES: 0.8% vs. 0.7%, p=1.000) cohorts.

In the older cohort, dual antiplatelet therapy (DAPT) use at one 
year was 87% in both EES- and PES-treated arms. Stent thrombosis 
rates in the ≥65 year cohort were similar: 0.3% in both treatment 
arms at one year (Figure 2). However, in the <65 year cohort, where 
DAPT use was 89% in both treatment arms at one year, stent throm-
bosis rates at one year were significantly lower with EES (0.5% vs. 
1.6%, p=0.01). Both early (<30 days) and late (30 days-one year) 
rates of stent thrombosis were numerically lower with EES in 
younger patients. At one year, the older cohort appeared to have 
higher bleeding complications compared to the younger cohort for 
both stent types. The bleeding rates were not significantly different 

Figure 2. ARC-defined stent thrombosis rates through one year for 
everolimus-eluting vs. paclitaxel-eluting stents in patients ≥65 years 
of age (above); and patients <65 years of age (below).
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between EES and PES in the older cohort (EES vs. PES: 3.8% vs. 
4.5%, p=0.47) or younger cohort (2.6% vs. 2.5%, p=1.00) (Table 2).

In older patients, multivariable predictors of TLF were stent type 
(EES vs. PES, OR [95%CI] = 0.57 [0.37, 0.86], p=0.007) and target 
lesion length. Only target lesion length was a predictor of ARC 
defined stent thrombosis in older patients (Table 3). In younger 
patients, multivariable predictors of TLF were stent type (EES vs. 
PES, OR [95%CI] = 0.61 [0.43, 0.86], p=0.005), diabetes, angina 
class, left anterior descending coronary artery (LAD) target vessel, 
reference vessel diameter and target lesion length. Multivariable 
predictors of stent thrombosis in younger patients were stent type 
(EES vs. PES, OR [95%CI] = 0.38 [0.16, 0.92], p=0.03), current 
tobacco use, diabetes and bifurcation lesions (Table 3).

Discussion
The present analysis represents the largest systematic age-based 
comparison of two DES, and demonstrates that in both older and 
younger patients, TLF, MACE and ID-TLR at one year were sig-
nificantly lower in patients treated with EES compared to PES. 
Target-vessel MI and stent thrombosis rates were significantly 
lower with EES compared to PES in younger patients.

A previous substudy8 from the SPIRIT III trial with follow-up to 
three years showed that: a) implantation of both EES and PES in 
elderly patients was safe, without increased rates of cardiac death or 
MI; b) implantation of EES vs. PES in the elderly resulted in a sig-
nificant reduction in late loss and a lower incidence of binary angio-

Table 3. Multivariable predictors of clinical outcomes by age at 
one year.

Variable
Coding for 

binary variables
Odds ratio 
[95% CI]

p-value

Predictors of 1-year TLF, age ≥65

Stent type EES vs. PES 0.57 [0.37, 0.86] 0.007

Target lesion length (10 mm) 1.47[1.13,1.91] 0.005

Predictors of 1-year TLF, age <65

Stent type EES vs. PES 0.61 [0.43, 0.86] 0.005

Target lesion length (10 mm) 1.36 [1.07, 1.73] 0.01

Diabetes requiring Rx Yes vs. no 1.77 [1.24, 2.51] 0.002

Target vessel: LAD LAD vs. all others 1.61 [1.14, 2.27] 0.007

Angina class CCS III/IV vs. no 
CCS III/IV

1.64 [1.09, 2.46] 0.02

RVD by QCA (mm) 0.66 [0.45, 0.98] 0.04

Predictors of 1-year stent thrombosis (ARC definition), age ≥65

Stent type EES vs. PES 0.81 [0.13, 4.89] 0.81

Target lesion length (10 mm) 2.39 [1.06, 5.41] 0.04

Predictors of 1-year stent thrombosis (ARC definition), age <65

Stent type EES vs. PES 0.38 [0.16, 0.92] 0.03

Current tobacco use Yes vs. no 4.75 [1.89, 1.92] 0.001

Diabetes requiring Rx Yes vs. no 3.04 [1.27, 7.29] 0.01

Bifurcation Yes vs. no 3.02 [1.26, 7.24] 0.01

graphic restenosis translating into a significant reduction in rates of 
TLR and TVR, as well as enhanced three-year survival free from 
MACE and TVF; c) three-year clinical and eight-month angio-
graphic outcomes did not differ significantly as a function of age 
after the implantation of EES, while implantation of PES in the 
elderly as opposed to younger patients was associated with signifi-
cantly increased late loss and rates of binary angiographic resteno-
sis within the stent and within the segment.

In the present analysis, patients ≥65 years of age represented 
44% of the study population. Despite a higher prevalence of prior 
MI in older patients receiving an EES, and a higher number of 
stents per lesion, total stent length per lesion and total stent:lesion 
length ratio in the EES compared to PES subgroup in both older and 
younger patients, the clinical outcomes of TLF, MACE and TLR 
were all improved with EES compared to PES irrespective of age. 
Stent type was a significant predictor of TLF in both younger and 
older cohorts, with the use of EES being a predictor of improved 
event-free survival in both groups. These findings are consistent 
with the one-year outcomes in the overall population in SPIRIT 
IV9, and may be a result of thinner stent struts (EES vs. PES: 81 vs. 
132 μm strut thickness and 7.8 vs. 19.6 μm coating thickness10) and 
improved efficacy of the antiproliferative drug (everolimus) result-
ing in less neointimal proliferation and restenosis than with pacli-
taxel11. In addition, reduced MI rates with EES in SPIRIT III 
patients with jailed side branches has been previously reported12. 
The enhanced performance of EES compared to PES in jailed side 
branches may account for the lower periprocedural MI rate with 
EES in younger patients in this study.

Previous studies from the bare-metal stent era have shown mixed 
age-dependent results. Higher rates of angiographic restenosis after 
implantation of a bare-metal stent were observed in elderly patients 
(≥75 years) compared with younger patients in one report13, but others 
have shown that rates of angiographic restenosis did not differ signifi-
cantly between these age groups14. A clinically significant restenosis 
rate of >14% in the first year after PCI was reported in Medicare ben-
eficiaries ≥65 years of age treated with PCI in 199815. In most studies 
that reported the effects of age on restenosis, rates of TLR were not 
found to be related to age13,14,16,17. In the present study, elderly patients 
had generally higher rates of bleeding complications compared to 
younger patients, consistent with previous studies assessing bleeding 
risk from antiplatelet therapy18,19. However, bleeding rates were not sig-
nificantly different between stent types in either age group.

In our study, low rates of stent thrombosis in both younger and 
older patients (0.5% and 0.3%, respectively) receiving EES were 
observed. This is consistent with rates from the entire SPIRIT IV 
cohort20, as well as the “standard risk” population from the 
XIENCE V® USA Post-Approval Study21. Two additional real 
world cohorts from the COMPARE trial22 and the RESOLUTE AC 
trial23 have also shown low rates of stent thrombosis (0.7%) for EES 
in the first year, even when complex patients are included. These 
observations are consistent with the hypothesis that the fluoroco-
polymer coating on the EES confers protection against thrombosis, 
a feature referred to as “fluoropassivation24”. By contrast, stent 
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thrombosis rates were higher in younger compared to older patients 
treated with PES (1.6% vs. 0.3%), which is consistent with the 
observation from a retrospective study of PES outcomes in elderly 
patients25. An intravascular ultrasound study of subacute stent 
thrombosis found that subacute closure occurred predominantly in 
plaques with high lipid and cellular content and the lesions were 
rarely calcified26. The lower stent thrombosis rates in older patients 
treated with PES might be related to the plaque composition as 
higher rates of lesion calcification were seen in the elderly patients 
for both treatments, although further studies are needed to confirm 
these findings. In addition, our observation of overall lower rates of 
stent thrombosis while higher rates of bleeding complications in 
older versus younger patients is worth further investigation with 
a larger population to help guide the usage of dual antiplatelet ther-
apy after DES in elderly patients.

In patients <65 years, rates of stent thrombosis with EES were sig-
nificantly lower than with PES, suggesting that the safety benefit of 
EES is particularly accentuated in this younger cohort. Treatment 
with EES was also a significant independent predictor of freedom 
from stent thrombosis in younger subjects, while tobacco use, diabe-
tes and bifurcations were positive predictors in the model. Conflicting 
data have been reported regarding the impact of smoking on the clini-
cal outcomes of PCI27-30. In this analysis of 4,689 randomised patients 
from the pooled SPIRIT III-IV results, the percentage of current 
smokers is similar between the two stent types in patients <65 years 
of age (EES vs. PES: 30.8% vs. 30.9%, p=0.96). Current tobacco use 
was shown to be an independent risk factor for stent thrombosis but 
not for TLF in the younger cohort with PES. The outcomes with EES 
at one year were not associated with current tobacco use in this study.

Limitations
This post hoc analysis was not prespecified in either of the original 
trial designs, and thus has inherent limitations. Patients with com-
plex clinical and angiographic characteristics such as ST-segment 
elevation MI, bifurcations with side branches >2 mm in diameter, 
and chronic total occlusions were largely excluded from the SPIRIT 
III and SPIRIT IV trials, therefore data from this analysis cannot 
necessarily be extrapolated to all “real world” patients with coro-
nary artery disease requiring coronary revascularisation. Addition-
ally, sample sizes in individual subgroups in this analysis may have 
been insufficient to derive reliable estimates of stent thrombosis, 
recognised as a low frequency event requiring several thousand 
patients to determine accurate rates of incidence31.

In conclusion, the current analysis suggests that PCI using EES or 
PES is safe in patients ≥65 years of age. In this report, EES appears 
to be safer than PES in younger patients as shown by a reduction in 
the rates of MI and stent thrombosis with EES. Everolimus-eluting 
stents were more effective than PES in both the young and elderly as 
measured by reduced rates of TLR, as well as the composite safety 
and efficacy measures of TLF and MACE.
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