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BACKGROUND
Whether a conservative strategy of medical therapy alone or a strategy of medical 
therapy plus invasive treatment is more beneficial in older adults with non–ST-segment 
elevation myocardial infarction (NSTEMI) remains unclear.

METHODS
We conducted a prospective, multicenter, randomized trial involving patients 75 
years of age or older with NSTEMI at 48 sites in the United Kingdom. The patients 
were assigned in a 1:1 ratio to a conservative strategy of the best available medical 
therapy or an invasive strategy of coronary angiography and revascularization plus 
the best available medical therapy. Patients who were frail or had a high burden 
of coexisting conditions were eligible. The primary outcome was a composite of 
death from cardiovascular causes (cardiovascular death) or nonfatal myocardial 
infarction assessed in a time-to-event analysis.

RESULTS
A total of 1518 patients underwent randomization; 753 patients were assigned to the 
invasive-strategy group and 765 to the conservative-strategy group. The mean age of 
the patients was 82 years, 45% were women, and 32% were frail. A primary-outcome 
event occurred in 193 patients (25.6%) in the invasive-strategy group and 201 pa-
tients (26.3%) in the conservative-strategy group (hazard ratio, 0.94; 95% confidence 
interval [CI], 0.77 to 1.14; P = 0.53) over a median follow-up of 4.1 years. Cardiovas-
cular death occurred in 15.8% of the patients in the invasive-strategy group and 
14.2% of the patients in the conservative-strategy group (hazard ratio, 1.11; 95% CI, 
0.86 to 1.44). Nonfatal myocardial infarction occurred in 11.7% in the invasive-
strategy group and 15.0% in the conservative-strategy group (hazard ratio, 0.75; 95% 
CI, 0.57 to 0.99). Procedural complications occurred in less than 1% of the patients.

CONCLUSIONS
In older adults with NSTEMI, an invasive strategy did not result in a significantly 
lower risk of cardiovascular death or nonfatal myocardial infarction (the composite 
primary outcome) than a conservative strategy over a median follow-up of 4.1 years. 
(Funded by the British Heart Foundation; BHF SENIOR-RITA ISRCTN Registry 
number, ISRCTN11343602.)
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Specific pharmacologic and invasive 
treatment guidelines for older patients 
with acute coronary syndromes are lacking 

owing to the underrepresentation of older pa-
tients in clinical trials.1,2 Age is an established 
risk factor for acute coronary syndromes, and 
non–ST-segment elevation myocardial infarction 
(NSTEMI) is the main acute coronary syndrome 
subtype among adults older than 75 years of 
age.3,4 The clinical characteristics of the older 
population with NSTEMI are heterogeneous, 
with frailty,5-8 coexisting conditions,9 the level of 
cognitive function,10,11 and health-related quality 
of life12 playing important roles in guiding clini-
cal care.

To date, only six small, randomized, con-
trolled trials investigating an invasive treatment 
strategy in older patients with NSTEMI have 
published results.4,13-18 In the After Eighty trial 
(457 patients; mean age, 85 years; 50.8% women), 
the invasive strategy was associated with a sig-
nificantly lower incidence of a primary-outcome 
event, a composite of myocardial infarction, ur-
gent revascularization, stroke, or death, than the 
conservative strategy at a median follow-up of 18 
months, a result driven primarily by lower rates 
of myocardial infarction and revascularization.13

A patient-level meta-analysis that included 1479 
patients showed that, as compared with conser-
vative management, routine invasive treatment in 
older patients with NSTEMI was not associated 
with a lower risk of a composite of death from 
any cause or myocardial infarction within 1 year 
after treatment. However, the invasive-treatment 
strategy was associated with lower risks of myo-
cardial infarction and urgent revascularization.19

Previous studies involving older patients with 
acute coronary syndromes treated with an inva-
sive strategy have been limited by small sample 
sizes or no formal assessment of frailty, the bur-
den of coexisting conditions, or issues related to 
cognitive function, which has led to inconsistent 
findings that limited generalizability. Clinical-
practice guidelines specify that in the absence of 
robust clinical-trial evidence, treatment of older 
patients should be individualized on the basis of 
patient characteristics.20 We designed the British 
Heart Foundation SENIOR-RITA (Older Patients 
with Non–ST-Segment Elevation Myocardial In-
farction Randomized Interventional Treatment) 
trial to evaluate the potential beneficial effects of 
a routine invasive approach with a view to coro-

nary revascularization as compared with a con-
servative approach of the best available medical 
treatment in a broadly representative population 
of older patients, including frail patients, present-
ing with NSTEMI and coexisting conditions.

Me thods

Trial Design and Oversight

The SENIOR-RITA trial was a prospective, multi-
center, open-label, randomized controlled trial 
that included patients who were least 75 years of 
age with NSTEMI to test treatment involving an 
invasive strategy as compared with a conservative 
treatment strategy. The protocol and statistical 
analysis plan are available with the full text of 
this article at NEJM.org. Written informed con-
sent was obtained for all patients. In England, a 
consultee declaration (signed by a family mem-
ber or caregiver) was obtained for patients with 
cognitive impairment. The trial was overseen by 
an independent steering committee and a data and 
safety monitoring committee. An independent 
clinical events committee, the members of which 
were unaware of the trial-group assignments, adju-
dicated deaths and myocardial infarction events 
(see the Supplementary Appendix, available at 
NEJM.org).

The Newcastle Clinical Trials Unit managed 
and coordinated the conduct of the trial. The 
Newcastle University Biostatistics Research Group 
was responsible for statistical oversight and per-
formed statistical analyses. The trial was funded 
by the British Heart Foundation and sponsored by 
Newcastle upon Tyne Hospitals NHS Foundations 
Trust. The protocol was approved by the U.K. 
Health Research Authority. The first author, who 
wrote the first draft of the manuscript, had ac-
cess to the trial data and vouches for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol.

Trial Population

Patients who were at least 75 years of age and 
had presented with a clinical diagnosis of NSTEMI 
were eligible. Patients with a type 1 NSTEMI dur-
ing the index hospitalization were included. Pa-
tients were excluded if they had STEMI or unstable 
angina or cardiogenic shock, had a life expectancy 
of less than 1 year, were previously included in the 
SENIOR-RITA trial, or were deemed to be unable 
to undergo invasive coronary angiography (addi-
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tional details about inclusion and exclusion crite-
ria are provided in the Supplementary Appendix).

Frailty, Coexisting Conditions,  
and Cognitive Impairment

Frailty was assessed with the use of the Fried 
Frailty Index (three categories of patient frailty 
graded on five criteria: frail, indicated by the 
presence of three or more criteria; intermediate 
or prefrailty, indicated by the presence of one or 
two criteria; and robust, no criteria present)21 and 
the modified Rockwood Clinical Frailty Scale 
(ranging from 1 [very fit] to 7 [severely frail], with 
a score of 5 or greater indicating frailty).22 The 
degree of coexisting conditions was graded accord-
ing to age-adjusted scores based on the Charlson 
Comorbidity Index (range, 0 to 37, with higher 
scores indicating a greater burden of coexisting 
conditions).23 Cognitive impairment was evalu-
ated with the use of the Montreal Cognitive As-
sessment (MoCA; range, 0 to 30, with a score of 
26 or higher indicating normal cognitive func-
tion) (see the Supplementary Appendix for de-
tails regarding the assessments).24

Randomization and Treatment

Patients were randomly assigned in a 1:1 ratio 
to receive treatment according to an invasive-
treatment strategy of coronary angiography (and 
if appropriate, coronary revascularization) plus 
the best available medical therapy (the invasive-
strategy group) or to receive only the best avail-
able medical therapy (the conservative-strategy 
group). Randomization was conducted with the 
use of a variable-length block-stratified method 
with randomly selected block sizes of two, four, 
six, and eight. Stratification was according to 
site and scores on the Rockwood scale. Random-
ization was performed at each site with the use of 
a secure Web-based system.

Components of the best available medical 
therapy included, in the absence of contraindica-
tions, aspirin (at a dose of 75 mg daily), a P2Y12 
receptor antagonist, statin therapy, a beta-blocker 
(to reach a target heart rate of 60 to 70 beats per 
minute), and an angiotensin-converting enzyme 
inhibitor or angiotensin II receptor blocker. Man-
agement of hypertension, diabetes, and hypercho-
lesterolemia was in accordance with the relevant 
clinical practice guidelines.

Coronary angiography was performed in ac-
cordance with local practice and the protocol. 

On the basis of angiographic findings, coro-
nary revascularization was performed within 3 to 
7 days, when feasible, by either percutaneous 
coronary intervention (PCI) or coronary-artery 
bypass grafting (CABG) at the discretion of the 
attending cardiologist and the multidisciplinary 
team. In the conservative-therapy group, coro-
nary angiography was allowed if the patient had 
clinical deterioration and the procedure was clini-
cally indicated in the judgment of the treating 
physicians.

Outcomes and Follow-up

The primary outcome, assessed in a time-to-event 
analysis, was a composite of cardiovascular death 
or nonfatal myocardial infarction, as defined by 
the fourth universal definition of myocardial in-
farction.25 Key secondary outcomes were cardio-
vascular death, nonfatal myocardial infarction, a 
composite of death from any cause or nonfatal 
myocardial infarction, death from any cause, re-
current myocardial infarction, subsequent coro-
nary angiography, subsequent coronary revascu-
larization, hospitalization for heart failure, stroke, 
transient ischemic attack, and bleeding (as defined 
by the Bleeding Academic Research Consortium 
criteria).26 Safety outcomes included procedural 
and in-hospital complications occurring in patients 
in the invasive-strategy group. Patients were fol-
lowed up by means of telephone or in-person 
visits at 6 months, 1 year, and yearly thereafter 
until 5 years.

Statistical Analysis

We assumed a 20% risk of a primary-outcome 
event in the conservative-therapy group at 12 
months and aimed to detect a 16% risk of a 
primary-outcome event in the invasive-therapy 
group, which corresponds to a hazard ratio of 
0.78. We estimated that a sample of 1668 pa-
tients would provide at least 688 events of car-
diovascular death or nonfatal myocardial infarc-
tion (with a minimum follow-up period of 1 year 
and maximum of 5 years), which would provide 
the trial with 90% power to detect a hazard ratio 
of 0.78 at a two-sided type I error rate of 0.05 
with the use of a log-rank test. We estimated that 
520 events would be required to provide the trial 
with 80% power.

Analyses used all available data, up to a maxi-
mum of 5 years of follow-up, and were performed 
on an intention-to-treat basis. Missing data for 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Invasive Strategy 

(N = 753)
Conservative Strategy 

(N = 765)

Age

Mean — yr 82.5±4.7 82.2±4.7

Distribution — no. (%)

≥75 to <80 211 (28.0) 246 (32.2)

≥80 to <85 304 (40.4) 291 (38.0)

≥85 to <90 182 (24.2) 171 (22.4)

≥90 to <95 47 (6.2) 51 (6.7)

≥95 9 (1.2) 6 (0.8)

Female sex — no. (%) 337 (44.8) 342 (44.7)

Median no. of days from admission to randomization (IQR) 2 (1–3) 2 (1–3)

MoCA score†

Median (IQR) 25 (21–27) 24 (21–26)

Impaired — no./total no. (%) 433/724 (59.8) 476/731 (65.1)

Rockwood Clinical Frailty Scale score‡

Median (IQR) 3 (2 to 4) 3 (2 to 4)

Category — no./total no. (%)

Frail 153/753 (20.3) 164/765 (21.4)

Very fit 103/752 (13.7) 97/763 (12.7)

Well, without active disease 134/752 (17.8) 155/763 (20.3)

Well, with treated coexisting conditions 198/752 (26.3) 214/763 (28.0)

Apparently vulnerable 165/752 (21.9) 134/763 (17.6)

Mildly frail 97/752 (12.9) 108/763 (14.2)

Moderately frail 47/752 (6.2) 48/763 (6.3)

Severely frail 8/752 (1.1) 7/763 (0.9)

Fried Frailty Index score§

Median (IQR) 2 (1–3) 2 (1–3)

Category — no./total no. (%)

Robust 150/716 (20.9) 153/730 (21.0)

Prefrail 335/716 (46.8) 339/730 (46.4)

Frail 231/716 (32.3) 238/730 (32.6)

Median age-adjusted Charlson Comorbidity Index score 
(IQR)¶

5 (4–6) 5 (4–6)

Smoking status — no./total no. (%)

Current smoker 35/748 (4.7) 45/756 (6.0)

Former smoker 358/748 (47.9) 336/756 (44.4)

Never smoked 355/748 (47.5) 375/756 (49.6)
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clinical outcomes were minimal, and unobserved 
event times were assumed to be censored at ran-
dom. Cumulative incidence was estimated with 
Kaplan–Meier methods, and the assigned treat-
ment strategies were compared with the use of a 
log-rank test stratified according to the Rock-
wood frailty status at baseline. The effect of an 
invasive strategy as compared with a conserva-
tive strategy was estimated with the use of a 
proportional-hazards model, with adjustment 
for Rockwood frailty status, and the results are 
presented as hazard ratios and 95% confidence 
intervals. There was no adjustment for multiplic-
ity, and the widths of the confidence intervals 
should not be used to infer treatment effect.

For outcomes that were subject to competing 
risks, cumulative incidence was also estimated 
with the use of Aalen–Johansen estimates, and 
treatment effects were estimated with the use of 
Fine and Gray regression models adjusted for 
Rockwood frailty status. If the proportional-

hazards assumption of the Cox model was vio-
lated, the difference in the restricted mean event-
free time at 5 years was estimated. All analyses 
were performed with the use of Stata software, 
version 18 (StataCorp).

R esult s

Patients

From November 2016 through March 2023, a 
total of 6977 eligible patients from 48 National 
Health Service trusts across England and Scot-
land underwent screening (Fig. S1 in the Supple-
mentary Appendix). Among patients who under-
went screening but not randomization (mean age, 
82 years; 47% women), 55% received invasive 
treatment, 44% received conservative care, and 
1% received palliative care (Tables S1, S2, and 
S3). A total of 1518 patients underwent random-
ization — 753 were assigned to the invasive-
strategy group and 765 to the conservative-strategy 

Characteristic
Invasive Strategy 

(N = 753)
Conservative Strategy 

(N = 765)

Hypertension — no./total no. (%) 490/753 (65.1) 500/764 (65.4)

Diabetes — no./total no. (%) 232/753 (30.8) 234/764 (30.6)

Hypercholesterolemia — no./total no. (%) 242/752 (32.2) 231/763 (30.3)

History of renal disease — no./total no. (%) 156/753 (20.7) 158/764 (20.7)

Previous MI — no./total no. (%) 247/753 (32.8) 227/764 (29.7)

Previous PCI — no./total no. (%) 163/752 (21.7) 139/764 (18.2)

Previous CABG — no./total no. (%) 101/753 (13.4) 80/764 (10.5)

History of peripheral vascular disease — no./total no. (%) 57/753 (7.6) 61/764 (8.0)

History of TIA or stroke — no./total no. (%) 128/753 (17.0) 101/764 (13.2)

History of COPD — no./total no. (%) 115/753 (15.3) 118/764 (15.4)

History of congestive heart failure — no./total no. (%) 73/753 (9.7) 70/764 (9.2)

*  Percentages were calculated from the number of participants for whom data were available. Plus–minus values are 
means ±SD. CABG denotes coronary-artery bypass grafting, COPD chronic obstructive pulmonary disease, IQR inter-
quartile range, MI myocardial infarction, PCI percutaneous coronary intervention, and TIA transient ischemic attack.

†  Scores on the Montreal Cognitive Assessment (MoCA) range from 0 to 30, with scores of 26 or higher indicating normal 
cognitive function and scores of 25 or lower indicating impairment.

‡  Scores on the modified Rockwood Clinical Frailty Scale range from 1 (very fit) to 7 (severely frail), with a score of 5 or 
higher indicating frailty.

§  The Fried Frailty Index measures three categories of patient frailty graded on five criteria: frail, indicated by the pres-
ence of three or more criteria; intermediate or prefrailty, indicated by the presence of one or two criteria; and robust,  
no criteria present.

¶  Age-adjusted scores based on the Charlson Comorbidity Index range from 0 to 37, with higher scores indicating a 
greater burden of coexisting conditions.

Table 1. (Continued.)
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Table 2. Medical Therapy and Invasive Procedures.*

Therapy or Procedure
Invasive Strategy 

(N = 753)
Conservative Strategy 

(N = 765)

Antiplatelet therapy

Aspirin — no./total no. (%) 682/752 (90.7) 663/762 (87.0)

P2Y
12

 receptor antagonist, overall — no./total no. (%) 674/752 (89.6) 719/762 (94.4)

Clopidogrel 348/752 (46.3) 405/762 (53.1)

Ticagrelor 322/752 (42.8) 313/762 (41.1)

Prasugrel 4/752 (0.5) 1/762 (0.1)

No. of agents — no./total no. (%)

None 20 (2.7) 8 (1.0)

Single 108/752 (14.4) 126/765 (16.5)

Dual 624/752 (83.0) 628/762 (82.4)

Anticoagulant therapy — no./total no. (%)

Overall 170/753 (22.6) 183/762 (24.0)

Apixaban 51 (6.8) 71 (9.3)

Rivaroxaban 44/752 (5.9) 38/765 (5.0)

Warfarin 28/753 (3.7) 34/762 (4.5)

Edoxaban 16 (2.1) 15 (2.0)

Dabigatran 2 (0.3) 4 (0.5)

Other 29/753 (3.9) 21/762 (2.8)

Triple therapy — no. (%)† 100 (13.3) 91 (11.9)

Lipid-lowering therapy — no./total no. (%)

Overall 682/752 (90.7) 688/762 (90.3)

Atorvastatin 595/752 (79.1) 608/762 (79.8)

Simvastatin 40 (5.3) 43 (5.6)

Rosuvastatin 31 (4.1) 25 (3.3)

Pravastatin 12 (1.6) 9 (1.2)

Ezetimibe 4 (0.5) 3 (0.4)

Invasive procedures

Angiography — no. (%) 680 (90.3) NA

Radial access — no./total no. (%) 607/680 (89.3) NA

Median no. of days from admission to angiography (IQR) 5 (3 to 7) NA

Median no. of days from randomization to angiography (IQR) 3 (1 to 5) NA

Reason why angiography was not performed — no. (%)

Clinical decision) 35 (4.6) NA

Participant decision 21 (2.8) NA

Participant too unwell 13 (1.7) NA

Participant died 3 (0.4) NA

Not known 1 (0.1) NA

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Biblioteca Nacional de Salud y Seguridad Social on November 13, 2024. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



n engl j med 391;18 nejm.org November 7, 2024 1679

Invasive Treatment in Older Patients with MI

group — at a median time of 2 days from the 
time of hospitalization. Four participants were 
found to be ineligible after randomization 
(Table S4).

The characteristics of the patients at baseline 
and the medical therapy they had received are 
summarized in Tables 1 and 2 and Table S5. The 
mean age of the patients who underwent ran-
domization was 82 years, 44.7% were women, 
and 32.4% were frail according to the Fried Frailty 
Index. The median score on the Charlson Comor-
bidity Index was 5, and the median MoCA score 
was 24. Medical therapy was similar in the two 
groups, with the majority of the patients having 
received guideline-recommended pharmacother-
apy for the management of NSTEMI (Tables S6, 
S7, and S8).

Invasive Treatment

Among the patients who were assigned to the 
invasive-strategy group, 680 (90.3%) underwent 
coronary angiography, with the radial artery 
used as the access site in 89.3% of the patients 
(Table S9). Some patients did not undergo angi-
ography, and the reasons are listed in Table 2. 
The median time from hospital admission to 
coronary angiography was 5 days, and the me-
dian time from randomization to coronary an-
giography was 3 days. A total of 376 patients 
(49.9%) in the invasive-strategy group underwent 
a revascularization procedure: 46.6% of the pa-
tients underwent PCI, with multivessel PCI per-
formed in 29.9% of the patients, including 4.9% 
who received balloon angioplasty only, and 3.3% 
underwent CABG (Table 2 and Table S10).

Primary Outcome

Follow-up data were available for at least 98.9% 
of the patients across all time points, and the 
median length of follow-up was 4.1 years (data 
were censored at the date of death or with-
drawal from the trial). Reasons for withdrawal 
are listed in Table S11. Cardiovascular death or 
nonfatal myocardial infarction occurred in 193 
of the patients (25.6%) in the invasive-strategy 
group and in 201 of the patients (26.3%) in the 
conservative-strategy group (hazard ratio, 0.94; 
95% confidence interval [CI], 0.77 to 1.14; 
P = 0.53) (Table 3 and Fig. 1). These findings ap-
peared to be generally consistent across all pre-
specified subgroups (Fig. 2) and after adjustment 
for additional prognostic factors and competing 
risks (Table S12 and Fig. S2).

The proportional-hazards assumption of the 
Cox model was violated. At 1 year after random-
ization, a primary-outcome event had occurred 
in 12.8% (95% CI, 10.5 to 15.4) of the patients 
in the invasive-strategy group and 16.8% (95% CI, 
14.3 to 19.7) of the patients in the conservative-
strategy group, whereas by 5 years after random-
ization, a primary-outcome event had occurred 
in 35.4% and 34.8% of the patients in the invasive-
strategy and conservative-strategy groups, respec-
tively. Analysis of the restricted mean event-free 
time showed that over a 5-year period, invasive 
treatment resulted in, on average, an additional 
29 days (95% CI, −40 to 98) free from cardiovas-
cular death or nonfatal myocardial infarction, as 
compared with conservative treatment (Table S13). 
The time-dependent hazard ratio is shown in 
Figure S3.

Table 2. (Continued.)

Therapy or Procedure
Invasive Strategy 

(N = 753)
Conservative Strategy 

(N = 765)

Revascularization — no. (%) 376 (49.9) NA

PCI — no. (%) 351 (46.6) NA

CABG — no. (%) 25 (3.3) NA

Median no. of days from admission to PCI (IQR) 5 (3 to 7) NA

Median no. of days from randomization to PCI (IQR) 2 (1 to 4) NA

Median no. of days from admission to CABG (IQR) 18 (13 to 27) NA

*  Percentages were calculated from the number of participants for whom data were available. NA denotes not applicable.
†  Triple therapy consists of a combination of an oral anticoagulant and dual antiplatelet therapy.
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Cardiovascular death occurred in 119 patients 
(15.8%) in the invasive-strategy group and in 
109 patients (14.2%) in the conservative-strategy 
group (hazard ratio, 1.11; 95% CI, 0.86 to 1.44). 
Nonfatal myocardial infarction occurred in 88 
patients (11.7%) in the invasive-strategy group 
and in 115 patients (15.0%) in the conservative-
strategy group (hazard ratio, 0.75; 95% CI, 0.57 
to 0.99).

Secondary Outcomes

Secondary outcomes are shown in Table 3 and 
Figures S4 through S14. Death from any cause 
or a nonfatal myocardial infarction (a composite 
secondary outcome) occurred in 319 patients 

(42.4%) in the invasive-strategy group and in 
321 patients (42.0%) in the conservative-strategy 
group (hazard ratio, 0.97; 95% CI 0.83 to 1.13). 
Nonfatal or fatal myocardial infarction occurred in 
13.3% of the patients in the invasive-strategy group 
and in 16.2% of the patients in the conservative-
strategy group (hazard ratio, 0.79; 95% CI, 0.61 
to 1.02) (Table S14).

Subsequent coronary angiography, performed 
at the discretion of the clinician on the basis of 
ongoing symptoms during follow-up, was car-
ried out in 42 patients (5.6%) in the invasive-
strategy group and in 185 patients (24.2%) in the 
conservative-strategy group (hazard ratio, 0.20; 
95% CI, 0.14 to 0.28). Subsequent revasculariza-

Table 3. Primary and Key Secondary Outcomes.*

Outcome

Invasive 
Strategy 
(N = 753)

Conservative 
Strategy 
(N = 765)

Hazard Ratio for 
Treatment Effect 

(95% CI)†

number (percent)

Primary outcome: cardiovascular death or nonfatal MI‡§ 193 (25.6) 201 (26.3) 0.94 (0.77–1.14)

Cardiovascular death§ 119 (15.8) 109 (14.2) 1.11 (0.86–1.44)

Nonfatal MI 88 (11.7) 115 (15.0) 0.75 (0.57–0.99)

Secondary outcomes

Composite of death from any cause or nonfatal MI§ 319 (42.4) 321 (42.0) 0.97 (0.83–1.13)

Death from any cause§ 272 (36.1) 247 (32.3) 1.13 (0.95–1.34)

Noncardiovascular death 153 (20.3) 138 (18.0) 1.14 (0.90–1.43)

Fatal or nonfatal MI 100 (13.3) 124 (16.2) 0.79 (0.61–1.02)

Coronary angiography 42 (5.6) 185 (24.2) 0.20 (0.14–0.28)

Coronary revascularization 29 (3.9) 105 (13.7) 0.26 (0.17–0.39)

Stroke 32 (4.2) 40 (5.2) 0.81 (0.51–1.28)

TIA 18 (2.4) 9 (1.2) 2.05 (0.92–4.56)

Hospitalization for heart failure 82 (10.9) 82 (10.7) 1.02 (0.75–1.39)

Bleeding: BARC type 2 or greater¶ 62 (8.2) 49 (6.4) 1.28 (0.88–1.86)

*  Data are shown for patients with at least one event. CI denotes confidence interval.
†  Hazard ratios are shown for the invasive strategy as compared with the conservative strategy, with adjustment for 

frailty status (defined by the Rockwood Clinical Frailty Scale) at randomization.
‡  P = 0.53 for the primary outcome. P value was calculated with the use of a log-rank test stratified according to frailty 

status (defined by the Rockwood Clinical Frailty Scale) at randomization.
§  Analyses did not satisfy the proportional-hazards assumption for the Cox model. Analyses of the restricted mean event-

free time were also performed and produced consistent interpretation.
¶  Bleeding Academic Research Consortium (BARC) bleeding types range from 0 (no evidence of bleeding) to 5 (bleeding 

that is probably or definitely fatal). BARC type 2 bleeding is bleeding that requires medical intervention.
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tion was performed in 29 patients (3.9%) in the 
invasive-strategy group and in 105 patients (13.7%) 
in the conservative-strategy group (hazard ratio, 
0.26; 95% CI, 0.17 to 0.39) (Table S15).

Transient ischemic attacks occurred in 2.4% 
of the patients in the invasive-strategy group and 
in 1.2% of the patients in the conservative-strategy 
group (hazard ratio, 2.05; 95% CI, 0.92 to 4.56), 
and bleeding events occurred in 8.2% of the 
patients in the invasive-strategy group and in 
6.4% of the patients in the conservative-strategy 
group (hazard ratio, 1.28; 95% CI, 0.88 to 1.86). 
Findings for the other secondary outcomes ap-
peared to be similar in the two groups. Proce-
dural complications occurred in less than 1% of 
the patients (Tables S16 and S17).

Discussion

In the SENIOR-RITA trial, we evaluated the effi-
cacy of a routine invasive approach to treatment, 
with a view toward coronary revascularization 
plus the best available medical therapy, as com-
pared with that of a conservative approach of con-
tinued medical therapy alone, in an all-comer 
population of older patients presenting with 
NSTEMI. Our trial showed that among older 
adults with NSTEMI, the invasive strategy did not 
result in a significantly lower risk of a primary-
outcome event, a composite of cardiovascular 
death or nonfatal myocardial infarction, than con-
servative strategy over a median follow-up period 
of 4.1 years.

Our trial included a subgroup of patients who 
were frail (32.4%) and cognitively impaired 
(62.5%) and had a high burden of coexisting 
conditions, features that emphasize the general-

Figure 1. Cumulative Incidence of the Composite Primary-
Outcome Events.

Shown are the incidence of cardiovascular death or 
nonfatal myocardial infarction (the primary outcome) 
(Panel A) and its components: cardiovascular death 
(Panel B) and nonfatal myocardial infarction (Panel C). 
Cumulative incidence was estimated with the Kaplan–
Meier method. Hazard ratios were estimated with Cox 
proportional-hazards models with adjustment for frail-
ty status at randomization. P values were calculated 
with the use of a log-rank test with stratification for 
frailty status at randomization. C
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izability of our findings to the population of 
older adults with NSTEMI. We had previously 
shown that there is a high prevalence of undiag-
nosed cognitive impairment at baseline among 
older patients with NSTEMI.10 In the current trial, 

all the patients received guideline-recommended 
pharmacotherapy for the management of NSTEMI. 
A total of 49.9% of the patients in the invasive-
strategy group underwent revascularization, which 
is similar to the percentage of patients who un-

Figure 2. Subgroup Analyses of the Primary Outcome.

Shown are the results of subgroup analyses for the primary outcome, a composite of death from cardiovascular 
causes (cardiovascular death) or nonfatal myocardial infarction assessed in a time-to-event analysis. The size of 
the squares is proportional to the number of patients in each subgroup. The widths of the confidence intervals 
have not been adjusted for multiplicity and should not be used to reject or not reject treatment effects. Scores 
on the modified Rockwood Clinical Frailty Scale range from 1 (very fit) to 7 (severely frail), with a score of 5 or 
higher indicating frailty. Scores on the Montreal Cognitive Assessment (MoCA) range from 0 to 30, with a score 
of 26 or higher indicating normal cognitive function. Scores on the Charlson Comorbidity Index (range 0 to 37, 
with higher scores indicating a greater burden of coexisting conditions) were adjusted for age. Global Registry of 
Acute Coronary Events (GRACE) risk scores range from 1 to 372, with higher scores indicating greater risk. CI denotes 
confidence interval.
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derwent revascularization in the After Eighty 
trial.13

Despite the challenges posed by the coronavi-
rus disease 2019 (Covid-19) pandemic and the 
frailty of the patient population, 99% of the pa-
tients were followed across all time points, and 
97.7% of the primary-outcome events were adju-
dicated by the clinical events committee; these 
results show the rigor of the methods used to 
conduct the trial. The median follow-up of 4.1 
years allowed for evaluation of treatment strate-
gies over a longer term than the 1-year follow-up 
in previous trials.

Our trial did not show a difference in the 
result for the primary outcome between the in-
vasive strategy and the conservative strategy, al-
though there were numerically fewer myocardial 
infarctions among the patients in the invasive-
strategy group than in the conservative-strategy 
group, a finding that is consistent with the re-
sults of our recent meta-analysis.19 In the case of 
patients in the conservative-strategy group who 
had serious clinical deterioration due to ongoing 
symptoms, the protocol allowed for further care, 
including angiography at the discretion of the 
treating clinical team.

There were fewer patients who underwent sub-
sequent coronary angiography (5.6% vs. 24.2%) 
and revascularization procedures (3.9% vs. 13.7%) 
in the invasive-strategy group than in the con-
servative-strategy group. The risk of death from 
any cause or cardiovascular or noncardiovascu-
lar deaths did not appear to be different in the 
two groups. Our findings also appeared to be 
generally consistent across all the prespecified 
subgroups.

Clinicians are often reluctant to offer an inva-
sive strategy to frail, older adults owing to a fear 
of bleeding and procedure-related complications. 
In the present study, we found that using con-
temporary angiography and interventional strat-
egies, with the radial artery used as the access 

site in 89.3% of the patients, bleeding and pro-
cedure-related complications were minimal.

Our trial has several limitations. Our final 
sample size was 1518, as opposed to the planned 
1668, with a lower incidence of primary-outcome 
events than was anticipated. We have previously 
described the challenges associated with re-
cruiting older adults to clinical research.2 The 
Covid-19 pandemic affected recruitment, especially 
the recruitment of frail, older patients with a 
high burden of coexisting conditions,27 and the 
decision was made to end recruitment without 
further extension beyond the funded recruitment 
period.

Nevertheless, our trial provides insights into 
the appropriate care of such patients over a long 
term and strengthens the evidence base. One in 
every five patients who had undergone screening 
was recruited into the trial, which emphasizes 
the challenges associated with recruiting all-
comer older adults into research and the associ-
ated chronic clinical conditions, such as cogni-
tive impairment, that prevent these patients from 
participating in clinical research. One strength of 
the trial is that the patients who did not undergo 
randomization had similar clinical and demo-
graphic characteristics (mean age, 82 years; 47% 
women) to patients who had undergone ran-
domization, with 55% assigned to the invasive 
strategy and 44% to the conservative strategy, 
thereby strengthening the representativeness of 
our trial population and the generalizability of 
our findings (Table S18).

Among older adults with NSTEMI, an invasive 
strategy did not result in a lower risk of a com-
posite of death or nonfatal infarction than a con-
servative strategy.
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