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Abstract
Objective We describe the current treatment of elderly
patients with non-ST-elevation myocardial infarction
(NSTEMI) enrolled in a national registry.
Methods The POPular AGE registry is a prospective,
multicentre study of patients ≥75 years of age pre-
senting with NSTEMI, performed in the Netherlands.
Management was at the discretion of the treating
physician. Cardiovascular events consisted of cardio-
vascular death, myocardial infarction and ischaemic
stroke. Bleeding was classified according to the Bleed-
ing Academic Research Consortium (BARC) criteria.
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Results A total of 646 patients were enrolled between
August 2016 and May 2018. Median age was 81 (IQR
77–84) years and 58% were male. Overall, 75% under-
went coronary angiography, 40% percutaneous coro-
nary intervention, and 11% coronary artery bypass
grafting, while 49.8% received pharmacological ther-
apy only. At discharge, dual antiplatelet therapy (as-
pirin and P2Y12 inhibitor) was prescribed to 56.7%,
and 27.4% received oral anticoagulation plus at least
one antiplatelet agent. At 1-year follow-up, cardio-
vascular death, myocardial infarction or stroke had
occurred in 13.6% and major bleeding (BARC 3 and 5)
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in 3.9% of patients. The risk of both cardiovascular
events and major bleeding was highest during the
1st month. However, cardiovascular risk was three
times as high as bleeding risk in this elderly popula-
tion, both after 1 month and after 1 year.
Conclusions In this national registry of elderly pa-
tients with NSTEMI, the majority are treated accord-
ing to current European Society of Cardiology guide-
lines. Both the cardiovascular and bleeding risk are
highest during the 1st month after NSTEMI. However,
the cardiovascular risk was three times as high as the
bleeding risk.

Keywords Antiplatelet therapy · Non-ST-elevation
myocardial infarction · Elderly · Therapy

Introduction

An increasingly large proportion of patients pre-
senting with non-ST-elevation myocardial infarction
(NSTEMI) are elderly. According to the European So-
ciety of Cardiology (ESC) guidelines on the manage-
ment of acute coronary syndromes (ACS) in patients
presenting without persistent ST-segment elevation
and on dual antiplatelet therapy (DAPT), patients
with NSTEMI are treated with DAPT consisting of
aspirin and one of the more potent P2Y12 inhibitors,
ticagrelor or prasugrel [1, 2]. The choice of the more
potent P2Y12 inhibitors is based on the pivotal Trial
to assess Improvement in Therapeutic Outcomes by
optimising platelet InhibitioN with prasugrel Throm-
bolysis In Myocardial Infarction 38 (TRITON-TIMI 38)
[3] and PLATelet inhibition and patient Outcomes
(PLATO) [4] trial comparing prasugrel or ticagrelor,
respectively, with clopidogrel in patients with ACS.
However, elderly patients were under-represented in
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these trials and risk assessment for choosing the op-
timal antithrombotic treatment in elderly patients is
more complicated than in younger patients, because
they are at higher risk for both ischaemic and bleed-
ing events [5, 6]. In daily practice, elderly patients are
less likely to receive guideline-recommended treat-
ment, such as undergoing coronary angiography,
compared to younger patients [7–10]. In this registry
study we describe the contemporary treatment of el-
derly patients (≥75 years of age) admitted to Dutch
hospitals and medical centres with NSTEMI. We ob-
serve whether elderly patients are treated according
to the guidelines and present both cardiovascular and
bleeding outcomes until 1 year after NSTEMI.

Methods

Study design and population

The POPular AGE registry is an investigator-initiated,
prospective, observational, multicentre study of pa-
tients aged ≥75 years presenting with type I NSTEMI.
Patients were recruited between 1 August 2016 and
7 May 2018 at 21 sites in the Netherlands. Three
of these institutions were also participating in the
POPular AGE trial [11], a randomised controlled trial
comparing clopidogrel to ticagrelor in patients aged
70 years or older with NSTE-ACS. Patients included in
a randomised controlled trial (including the POPular
AGE trial) were excluded from this registry.

Decisions regarding medical therapy, performing
coronary angiography and, if necessary, subsequent
percutaneous coronary intervention (PCI) or coronary
artery bypass grafting (CABG), were at the discretion
of the attending physicians. Physicians were asked to
calculate the GRACE and CRUSADE risk scores with
the aim of being able to describe the study popula-
tion. The use of risk scores to adjust antiplatelet ther-
apy was not demanded by the protocol. This study
was conducted according to the principles of the Dec-
laration of Helsinki and was approved by the local

What’s new?

� Coronary angiography was performed in a high
proportion of elderly patients with non-ST-ele-
vation myocardial infarction (75%), but only 40%
of the patients underwent percutaneous coro-
nary intervention and 11% coronary artery by-
pass graft.

� In these elderly patients, preference was given
more often to clopidogrel over the more potent
P2Y12 inhibitors.

� The risk of stent thrombosis and target vessel
revascularisation was very low.

� The cardiovascular risk was three times as high
as the bleeding risk.
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Medical Research Ethics Committee. All patients pro-
vided written informed consent. If patients died be-
fore informed consent could be obtained, data were
collected anonymously if there was no indication that
patients would have declined if they had still been
alive.

Data collection

Information was extracted from the patients’ elec-
tronic medical records or retrieved from the patients’
general practitioner. In addition, patients were sent
a questionnaire after 1 month and after 12 months
inquiring about current medication use and new hos-
pital stays. If a patient reported having had an event,
the necessary documentation was collected and re-
viewed. Total duration of different antithrombotic
strategies and reasons for P2Y12 inhibitor cessation
were collected using the electronic medical records of
both the hospital and the general practitioner.

Outcomes and definitions

Cardiovascular events consisted of cardiovascular
death, non-fatal myocardial infarction and non-fatal
ischaemic stroke at 1-year follow-up. Also, all-cause
death, stent thrombosis, target vessel revasculari-
sation (TVR), rehospitalisation for unstable angina,
transient ischaemic attack (TIA) and any bleeding re-
quiring medical attention classified according to the
BARC bleeding criteria [12] at 1-year follow-up were
captured. Myocardial infarction was defined accord-
ing to the fourth universal definition [13]. Stroke was
defined as an acute new neurological deficit ending in
death or lasting >24h and not attributable to another
identifiable cause. TIA was defined as an acute new
neurological deficit lasting <24h and not attributable
to another identifiable cause, and stent thrombosis
was classified according to the Academic Research
Consortium criteria [14].

Antithrombotic therapy at discharge consisted of
either aspirin, a P2Y12 inhibitor and/or oral antico-
agulation (OAC). Treatment was further classified as
monotherapy, DAPT (aspirin plus a P2Y12 inhibitor),
dual therapy (OAC combined with aspirin or a P2Y12

inhibitor) or triple therapy (OAC, aspirin and a P2Y12

inhibitor).

Statistical analysis

Missing data were assumed to be missing at random.
Multiple imputation by predictive mean matching
combined using Rubin’s rule was used to impute
missing data. Continuous variables are presented
as mean ± standard deviation (SD) unless the dis-
tribution was skewed, in which case variables are
presented as median and interquartile range (IQR),
and categorical variables are presented as frequency
and percentage. All outcomes were calculated using

Table 1 Baseline characteristics
n= 646

Age (years), median (IQR) 81 (77–84)

Male 57.6 (372/646)

Weight <60kg 8.0 (52/646)

Previous medical history

Myocardial infarction 31.1 (201/646)

PCI 29.7 (192/646)

CABG 15.2 (98/646)

Stroke 7.3 (47/646)

Heart failure 6.5 (42/646)

Atrial fibrillation 18.3 (118/646)

Hypertension 66.4 (429/646)

Dyslipidaemia 45.2 (292/646)

Diabetes mellitus 27.2 (176/646)

Current smoker 7.0 (42/604)

Family history 19.5 (126/646)

During hospital stay

CAG 74.5 (481/646)

No coronary artery disease 9.5 (45/476)

1-vessel disease 26.5 (126/476)

2-vessel disease 26.7 (127/476)

3-vessel disease 35.9 (171/476)

Graft dysfunction 5.3 (25/476)

PCI 39.8 (257/646)

CABG 11.0 (71/646)

Pharmacological therapy only 49.8 (322/646)

At discharge

Aspirin 77.8 (485/623)

Clopidogrel 49.9 (311/623)

Ticagrelor 33.1 (206/623)

NOAC 11.2 (70/623)

VKA 20.2 (126/623)

All numbers are percentages unless stated otherwise
IQR interquartile range, PCI percutaneous coronary intervention, CABG coro-
nary artery bypass grafting, CAG coronary angiography, NOAC non-vitamin-K
oral anticoagulant, VKA vitamin K antagonist

Kaplan-Meier estimates. All tests were two-tailed and
a p-value <0.05 was used to characterise statistical
significance. Kaplan-Meier curves were used to illus-
trate occurrence of cardiovascular events and BARC 3
or 5 bleeding over time. We performed one sub-
group analysis comparing pharmacologically treated
patients with patients who were treated by either PCI
or CABG. We performed a univariate analysis of vari-
ables known to be predictors for cardiovascular events
or bleeding [15–18]: age, renal function, haemoglobin
level at admission, previous medical history of stroke,
PCI, CABG, myocardial infarction, diabetes mellitus
or peripheral arterial disease, use of OAC and cur-
rent smoker. Variables with a p-value <0.100 were
included in the multivariate analysis to correct for
confounders. All analyses were performed using IBM
SPSS Statistics version 24 (IBM Corp., Armonk, NY,
USA) and R statistical software version 3.4.2.
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Table 2 Antithrombotic regimen for the total population with known antithrombotic therapy at discharge, stratified for pa-
tients who underwent coronary angiography (CAG) during hospital admission and those who did not

Total population (n= 623) No CAG (n= 165) CAG (n= 471) p-value

Triple therapy 10.1 (63/623) 3.9 (6/152) 12.1 (57/471) 0.004

DAPT 56.7 (353/623) 47.4 (72/152) 59.7 (281/471) 0.008

P2Y12 inhibitor+ (N)OAC 14.4 (90/623) 25.7 (39/152) 10.8 (51/471) <0.001

Aspirin+ (N)OAC 2.9 (18/623) 1.3 (2/152) 3.4 (16/471) 0.183

Monotherapy aspirin 8.2 (51/623) 11.2 (17/152) 7.2 (34/471) 0.121

Monotherapy P2Y12 inhibitor 2.1 (13/623) 2.0 (3/152) 2.1 (10/471) 0.911

Monotherapy (N)OAC 3.9 (24/623) 5.3 (8/152) 3.4 (16/471) 0.299

No antithrombotic therapy 1.8 (11/623) 3.3 (5/152) 1.3 (6/471) 0.101

All numbers are percentages; Triple therapy consists of aspirin, a P2Y12 inhibitor and a (non-vitamin-K) oral anticoagulant
DAPT dual antiplatelet therapy consisting of aspirin and a P2Y12 inhibitor, (N)OAC (non-vitamin-K) oral anticoagulant

Results

Baseline characteristics

A total of 646 patients were enrolled in the study.
Baseline characteristics are presented in Tab. 1 and
Table S1 (Electronic Supplementary Material). Me-
dian age was 81 (IQR 77–84) years and 58% were male
(n= 372). The previous medical history of the patients
showed in 31% myocardial infarction (n= 201), in 15%
CABG (n= 98) and in 18% atrial fibrillation (n= 118;
Tab. 1). Almost 75% of the patients had a high GRACE
risk score (>140) (n= 449) and 34% of the patients had
a high CRUSADE bleeding score (>40) (n= 220; Elec-
tronic Supplementary Material). Overall, the propor-
tion of missing data was low (<6%), except for left
ventricular function (in 28% of the patients), GRACE
risk score (20%) and discharge destination (29%; Elec-
tronic Supplementary Material).

Treatment

During their hospital stay, 75% of patients under-
went coronary angiography (n= 481), 88% of whom
had a significant coronary lesion (n= 424) (defined
as: left main-stenosis of ≥50% and ≥70% at another
location). PCI was performed in 40% of patients
(n= 257), 11% underwent CABG (n= 71), and 50% re-
ceived pharmacological treatment only (n= 322). The
Appendix in the Electronic Supplementary Material
contains additional data regarding the non-revascu-
larised patients. At discharge, 56.7% of the patients
received DAPT (n= 353), 17.3% received dual therapy
(n= 108) and 10.1% were discharged on triple therapy
(n= 63) (Tab. 2). Antiplatelet therapy in combination
with OAC consisted mostly of clopidogrel, with only
4% of patients receiving ticagrelor. Eighty-four per-
cent of patients received either DAPT, dual therapy or
triple therapy at discharge (n=524). Patients who did
not undergo coronary angiography were less often
treated with triple therapy or DAPT (Tab. 2). An-
tiplatelet therapy was discontinued most frequently
within the 1st month: for aspirin in 3.4% of the pa-
tients and for the P2Y12 inhibitor in 4.2%. Reasons

to discontinue the P2Y12 inhibitor were peri-operative
discontinuation to undergo CABG (18.5%), bleeding
(16.7%), and revision of diagnosis (14.8%).

Outcomes

CV death, myocardial infarction or stroke had oc-
curred in 6.4% (n= 41) of patients after 1 month and
in 13.6% (n=86) after 1 year (Tab. 3, Fig. 1). While
the risk of cardiovascular events was highest during
the 1st month, it persisted until the end of follow-up,
as illustrated by the Kaplan-Meier curve. Recurrent
myocardial infarction had occurred in 6.5% (n= 40)
after 1 year; only one patient had a stent thrombosis
(incidence 1/257; 0.4%). Major bleeding (defined as
BARC 3 or 5) had occurred in 1.7% (n=11) of patients
after 1 month and in 3.9% (n= 24) after 1 year (Tab. 3).
Also, the risk for major bleeding was highest in the
1st month (Fig. 2). Of note is that the cardiovascular

Table 3 Outcomes
30-day FU
n= 646

1-year FU
n= 646

CV death, MI, stroke 6.4 13.6

All-cause death 4.6 13.0

CV death 3.4 6.3

MI 1.9 6.5

ACS 3.5 8.7

Definite stent thrombosis 0 0

Probable stent thrombosis 0.2 0.2

TVR 0.6 1.8

Stroke 0.8 2.0

TIA 0.2 0.7

BARC 2 2.5 9.1

BARC 3–5 3.3 5.6

BARC 3 and 5 1.7 3.9

BARC 2, 3 and 5 5.4 12.0

Discontinuing aspirin 3.4 8.7

Discontinuing P2Y12 inhibitor 4.2 8.8

All numbers are percentages
FU follow-up, CV cardiovascular,MI myocardial infarction, ACS acute coro-
nary syndrome, TVR target vessel revascularisation, TIA transient ischaemic
attack, BARC Bleeding Academic Research Consortium
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Fig. 1 Kaplan-Meier curve of the primary endpoints cardio-
vascular (CV) death, myocardial infarction (MI) and stroke

risk was three times as high as the bleeding risk in
this elderly population, both after 1 month and after
1 year.

A subanalysis comparing pharmacologically treated
patients (n=322) with patients who were treated by
either PCI or CABG (n= 324) showed an event rate (CV
death, myocardial infarction, or stroke) of 18.7% vs
8.7% (p=0.034, adjusted hazard ratio 1.66 [95% confi-
dence interval 1.04–2.65]) at 1 year. The outcome was
corrected for age, previous medical history of CABG,
previous medical history of stroke and estimated
glomerular filtration rate. Also, the rate of BARC 3
or 5 bleeding was slightly higher although not sig-
nificantly different (4.8% vs 3.1%, p= 0.454; adjusted
hazard ratio 1.37 [95% confidence interval 0.60–3.11])
at 1 year in the pharmacologically treated group. This
outcome was corrected for previous medical history
of PCI and haemoglobin level at admission.

Discussion

In this large national registry of patients aged 75 years
or older with NSTEMI we observed, firstly, that this
group of patients is characterised by a high ischaemic
risk illustrated by frequent previous myocardial in-
farction, PCI and CABG. Second, compared to the
SWEDEHEART registry of NSTEMI patients, and in ac-
cordance with the ESC guideline [1], coronary angiog-
raphy was performed in a high percentage of cases
(75%), but only 40% of the patients underwent PCI,
while CABG was performed in 11%. Third, preference
was given more often to clopidogrel over the more po-
tent P2Y12 inhibitors. Fourth, the risk for cardiovascu-
lar and bleeding events was highest in the 1st month
after hospital admission. However, the cardiovascular
risk was three times as high as the bleeding risk in
this elderly population, both after 1 month and after
1 year. Fifth, despite extensive coronary artery disease
the risk of stent thrombosis and TVR was very low.

Compared to the nationwide SWEDEHEART reg-
istry of NSTEMI patients, in our registry the use of
DAPT as well as that of aspirin and the more po-
tent P2Y12 inhibitors was lower [19]. In contrast, in
SWEDEHEART, aspirin use (78% vs 90%) [19] and use

Fig. 2 Kaplan-Meier curve of major bleeding not related to
coronary artery bypass grafting. (BARC Bleeding Academic
Research Consortium)

of the more potent P2Y12 inhibitors (33% vs 61%) was
higher than in the START antiplatelet Italian registry
[10]. These differences are very likely due to a higher
concomitant use of OAC in our registry (31% vs 6.5%
in SWEDEHEART) and the ESC guideline advice not
to combine the stronger P2Y12 inhibitors with oral an-
ticoagulants. Regarding interventions, a comparable
percentage of patients underwent coronary angiogra-
phy [19]. In our registry, a surprising low percentage
of patients underwent PCI and this was lower than
in SWEDEHEART (40% vs 53%) [19] and the POPular
AGE trial [11], where PCI was performed in 47% of
patients. In our registry, 11% of the patients under-
went CABG, which is comparable to SWEDEHEART
and the POPular AGE trial. The low number of our pa-
tients undergoing PCI is noteworthy, taking into con-
sideration the very high percentage of patients (88% of
patients undergoing coronary angiography) in whom
a severe coronary artery lesion was identified. An-
other ACS registry reports a similar number of conser-
vatively managed elderly patients (54%) [20]. Also, in
the After Eighty study, a randomised controlled trial
investigating invasive versus conservative treatment
in patients aged 80 years or older, 51% of patients ran-
domised to invasive treatment were not revascularised
[21]. The relatively low number of patients who un-
dergo revascularisation may indicate that a conserva-
tive strategy is often preferred because elderly patients
are considered to be at too high a risk of complications
if treated invasively, rather than a lack of adherence to
the guidelines.

In our registry, we observed that both the risk of
bleeding and the risk of thrombosis was highest in the
1st month. However, the cardiovascular risk was three
times as high as the bleeding risk in this elderly pop-
ulation, both after 1 month and after 1 year. A similar
risk pattern was seen in the subanalysis of elderly pa-
tients in TRITON-TIMI 38 [3], while the subanalysis of
elderly patients in the PLATO [22] and POPular AGE
[11] trials showed a cardiovascular risk about twice
as high as the bleeding risk. In our cohort, the rela-
tively low bleeding riskmay be explained in part by the
discontinuation of triple therapy after 30 days (10.1%
of the study population used triple therapy). Also,
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it is likely that patients who developed moderate or
severe bleeding discontinued at least one antithrom-
botic agent. Undoubtedly, this reduces the bleeding
risk but may lead to an increased residual cardiovas-
cular risk. In addition, we observed that the risk of
stent thrombosis and TVR was very low, indicating
that most of the cardiovascular risk is not stent re-
lated but more likely caused by multivessel disease.

The POPular Age registry is a large representative
cohort study of elderly patients with NSTEMI in the
Netherlands. Patients were included from academic
as well as large and small non-academic centres. We
had only a small amount of missing data, enabling us
to perform a reliable evaluation of the current treat-
ment of these elderly patients.

However, there were some limitations to our study.
First, inherent to the observational design, it can be
assumed that selection by indication occurred; there-
fore comparisons between treatment regimens could
not be made. Second, although this is a large registry,
the occurrence of major bleeding was low, with only
24 events. Finally, missing data might have biased the
results, but this risk was minimised by using multiple
imputation.

In conclusion, we report that elderly patients aged
75 years or older with NSTEMI are often treated ac-
cording to current guidelines. Although the percent-
age of patients undergoing coronary angiography is
similar to that in younger patients, elderly patients
undergo PCI less often and are frequently treated con-
servatively. Also, elderly patients are more often dis-
charged with clopidogrel instead of the more potent
P2Y12 inhibitors. In this registry, the risk of both car-
diovascular and bleeding events was highest in the
1st month after NSTEMI. However, the cardiovascular
risk was three times as high as the bleeding risk in
this elderly population, both after 1 month and after
1 year.
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