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Meta-Analysis on Invasive Versus Conservative
Strategy in Patients Older Than Seventy Years With

Non-ST Elevation Myocardial Infarction

Mahmoud Khalil, MD, MSca, Muhammad Haisum Maqsood, MDa, Mir B. Basir, DOb,
Marwan Saad, MDc, George Yassa, DOd, Laila Hakam, MDe, Joseph Abraham, DOf,

Bassam S. Hennawy, MD, PhDg, Shehab El Etriby, MD, PhDg, Marcelo Harada Ribeiro, MD, PhDh,
Kenneth Ong, MDi, Santiago Garcia, MDj, Emmanouil S. Brilakis, MD, PhDj,

Khaldoon Alaswad, MDb, and Michael Megaly, MD, MSb,*

Management of non-ST elevation myocardial infarction (NSTEMI) has evolved over the
years, but most published data are from younger patients. Data on the NSTEMI manage-
ment in older patients remain limited. We performed a meta-analysis of randomized con-
trolled trials to evaluate the long-term outcomes of invasive versus conservative strategies
in older patients (>70 years old) with NSTEMI. Of 1,550 reports searched, 4 randomized
controlled trials (1,126 patients) were included in the analysis, with a median follow-up of
1.25 years (range: 1 to 2.5 years). The median age of included patients was 83.6 (interquar-
tile range: 2.8 years). The invasive strategy was associated with significantly lower risk of
major adverse cardiac and cerebrovascular event (odds ratio [OR] 0.60, 95% confidence
interval [CI] 0.40 to 0.91, I2 = 54%; 3 trials] and unplanned revascularization (OR 0.31,
95% CI 0.15 to 0.64, I2 = 1.7%; 3 trials] than was the conservative strategy. There was no
difference in all-cause mortality (OR 0.88, 95% CI 0.65 to 1.18, I2 = 0%; 4 trials], myocar-
dial infarction (OR 0.70, 95% CI 0.42 to 1.19, I2 = 54.7%; 4 trials], or bleeding (OR 0.87,
95% CI 0.39 to 1.93, I2 = 0%; 3 trials] between the strategies. In conclusion, the use of ini-
tial invasive strategy in older patients presenting with NSTEMI was associated with a sig-
nificantly lower risk of major adverse cardiac and cerebrovascular event and unplanned
revascularization than that of the initial conservative strategy without increased bleed-
ing. © 2022 Elsevier Inc. All rights reserved. (Am J Cardiol 2023;186:66−70)

Management of non-ST elevation myocardial infarction
(NSTEMI) has evolved over the years, with improved sur-
vival because of the advancement of care and therapeutics.
Most published data, however, provide evidence for youn-
ger patients. The recent European Society of Cardiology
guidelines recommend similar revascularization strategies
for all patients regardless of age (class IB).1 The 2014
American Heart Association/American College of Cardiol-
ogy guidelines recommended goal-targeted medical treat-
ment for older patients and invasive management when

appropriate.2 However, the disease in older patients
(>70 years old) remains difficult to manage, with fewer
possibilities of who underwent invasive procedures after
NSTEMI owing to multiple co-morbidities, higher com-
plexity of coronary artery disease, increased risk of compli-
cations, and heterogeneous outcomes in published
randomized controlled trials (RCTs).3−6 Because of the
lack of specific recommendations from the abovementioned
guidelines and paucity of data, we performed a meta-analy-
sis to evaluate the outcomes of invasive versus conservative
strategies in older patients with NSTEMI.

Methods

This meta-analysis was performed following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.7 We performed a computerized search
from January 1, 1990 to December 30, 2021, using PubMed
and EMBASE databases and using the following Medical
Education Subject Headings terms: “invasive strategy,”
“conservative strategy,” “elderly,” and “non-ST elevation
myocardial infarction,” separately and in combination. To
identify gray literature, www.clinicaltrials.gov was
searched. We also searched the references of the eligible
studies for any missed studies.

We included RCTs that compared long-term outcomes
of invasive with conservative strategies in older patients
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(defined as 70 years old or older) presenting with NSTEMI.
The invasive strategy used coronary angiogram and possi-
ble intervention using percutaneous coronary intervention
or coronary artery bypass graft surgery. In contrast, the con-
servative strategy denoted the initial management with
medical therapy. Studies without a comparison arm, non-
randomized trials, observational studies, and a nonolder
population were excluded. Editorials, letters, and review
articles were also excluded

The studies were screened by 2 independent authors
(MK and MHM). Disagreements were resolved by discus-
sion with a third author (MM). Discrepancies were settled
by consensus. The bias risk of the included studies was
assessed using the Cochrane risk assessment tool for
RCTs.8

The outcomes included all-cause mortality, myocardial
infarction (MI), bleeding, and unplanned revascularization,
and major adverse cardiac and cerebrovascular event
(MACCE).

Definitions of outcomes, inclusion, and exclusion crite-
ria, Bias risk assessment of randomized controlled trials
with the Cochrane assessment tool, and Baseline Character-
istics as reported by individual studies are shown in
Supplementary Table 1, 2 and 3 respectively.

Continuous variables were reported as mean with SD,
and categorical variables were expressed as frequency/per-
centage. The odds ratio (OR) and mean difference, 95%
confidence intervals (CIs), were calculated using a random-
effects model using the Der Simonian-Laird method.9 A
p <0.05 was considered for statistical significance. Analy-
ses were conducted using Stata version 17.0 software (Stata
Corporation, College Station, Texas).

Results

The study selection process is described in
Supplementary Figure 1. The initial search yielded 1,550
reports. After screening, 4 RCTs (1,126 patients) were
included in the analysis.3−6 All RCTs were performed in
Europe. A total of 559 patients were randomized to the
invasive strategy, and 567 patients were randomized to the
conservative strategy. The enrollment period ranged from
2008 to 2014. The median age of the included patients was
83.6 years, with an interquartile range of 2.8 years. Approx-
imately half the patients randomized to the invasive strat-
egy underwent revascularization, mostly with percutaneous
coronary intervention. The rate of coronary artery bypass
graft surgery in the invasive arm ranged from 1.6% to 6%
and seemed to be lower in more recent studies. The charac-
teristics of included trials are shown in Table 1.

Over a median follow-up period of 1.25 years (range
from 1 to 2.5 years), MACCE events occurred in 159
patients (28%) in the invasive group and 223 patients
(39%) in the conservative arm. The invasive strategy was
associated with significantly lower risk of MACCE (OR
0.60, 95% CI 0.40 to 0.91, I2 = 54%; 3 trials). A total of 44
patients had unplanned revascularization, 10 (1.8%) in the
invasive group versus 34 (6%) in the conservative group.
The invasive strategy was associated with a lower risk of
unplanned revascularization (OR 0.31, 95% CI 0.15 to
0.64, I2 = 1.7%; 3 trials) than was the conservative strategy. T
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There was no difference in all-cause mortality, 20% in
invasive versus 22% in conservative group (OR 0.88, 95%
CI 0.65 to 1.18, I2 = 0%; 4 trials), MI, 14% in invasive ver-
sus 20% in conservative group (OR 0.70, 95% CI 0.42 to
1.19, I2 = 54.7%; 4 trials), or bleeding, 2.3% in invasive
versus 2.6% in conservative group (OR 0.87, 95% CI 0.39
to 1.93, I2 = 0%; 3 trials), between both strategies (Figure 1).

Discussion

The main findings of our study can be summarized as
follows: (1) there are only 4 RCTs that compared outcomes
of the invasive and conservative strategies in NSTEMI
management in the older patients. All trials were performed
outside the United States, and the latest trial was terminated
early owing to slow enrollment; and (2) over a median fol-
low-up of 1.25 years, the invasive strategy was associated
with a significantly lower risk of MACCE, led by a lower
risk of unplanned revascularization with no difference in
all-cause mortality, MI, and bleeding. In other words, a
decrease in MACCE is primarily because of a reduction in
unplanned revascularization in the invasive strategy.

The present study provides evidence on the safety of inva-
sive strategy in patients >70 years old presenting with
NSTEMI. Our analysis showed a significant benefit in avoid-
ing unplanned revascularization with the invasive strategy
without an increased risk of bleeding. The higher risk of
unplanned revascularization in the conservative group is
likely related to the unrevascularized culprit vessel, which

can introduce bias in evaluating such an outcome. However,
the urgent need for revascularization remains an undesirable
outcome, especially when the indication is hemodynamic or
electric instability. Our results confirm that invasive strategy
is preferable to conservative strategy even in older patients,
consistent with the published guidelines.1,2

In our analysis, there was no difference in mortality or
recurrent MI over a median follow-up of 1.25 years. The
absence of mortality benefit is likely because of this patient
population’s advanced age and co-morbidities. It can also
be related to the low number of patients and the absence of
power to identify differences in mortality. Moreover, only
half these patients underwent revascularization, a decision
heavily dependent on local expertise in interventional cardi-
ology and surgery teams. In patients with complex coronary
disease, most teams would default to medical therapy, dilut-
ing the possible beneficial effect of the invasive strategy.

One of the most concerning issues is bleeding after inva-
sive intervention, especially in older patients, from mandatory
antiplatelet therapy.10,11 It becomes complicated with associ-
ated co-morbidities, dementia, polypharmacy, and so on. The
results of the present analysis might alleviate the potential fear
of increased bleeding tendency in older patients.

Treatment of the older population is challenging owing to
the paucity of data about this population. Despite evidence
of the effectiveness of the invasive strategy, Tegn et al indi-
cated dilution of the efficacy with the advancement of age
and with patients >90 years old, with the difference between
interval (84 to 90 years) compared with (80 to 84 years).
This makes it hard to conclude that the invasive strategy is of

Figure 1. Forest plots of the study outcomes: all-cause mortality, unplanned revascularization, myocardial infarction, bleeding risk, and composite major out-

come.
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benefit for this population.6 In our analysis, the invasive
strategy was associated with better outcomes in patients with
a median age of 83.6 years, and until we have further evi-
dence, we do not recommend the generalization of our find-
ings to patients with increasingly older age.

One of the major reasons cardiologists are hesitant to
implement the invasive strategy for older patients is the per-
ceived feeling of an undesirable risk-to-benefit ratio. Our
analysis illustrated the safety of invasive strategy in older
patients, given the absence of difference in MI or bleeding
between both treatment strategies. Our findings can help
inform the discussion with patients and families during
shared decision-making. The in-depth discussion with the
patient and family should include the absence of a mortality
benefit but safely reduce adverse events with the invasive
strategy. Moreover, patients co-morbidities, frailty status,
medication compliance, and life expectancy should be con-
sidered before deciding on the invasive approach.12,13

Our study provides guidance on the management of
NSTEMI in older patients. However, larger dedicated RCTs
are needed, especially to reflect the current practice of safer
invasive strategies (e.g., radial access, intravascular ultra-
sound, and so on) and better medical management (newer
P2Y12 inhibitors and so on). The ongoing SENIOR-RITA
(British Heart Foundation Older Patients With Non-ST SEg-
meNt elevatIOn myocaRdial Infarction Randomized Inter-
ventional TreAtment) trial enrolling 1,668 participants (age
>75 years with NSTEMI) (NCT03052036) would provide
more evidence for NSTEMI treatment in the much older
population.14

Our findings have limitations, our study results should be
interpreted within the light of their limitations. First, we
only included 4 studies with 1,126 patients, which can still
be underpowered to detect differences between both strate-
gies. Second, there is a risk of unmeasured heterogeneity
between trials, especially because the door-to-invasive
strategy time was not clearly reported in all studies and
could not be evaluated. Third, our meta-analysis did not
include individual patient data. Fourth, we could not evalu-
ate long-term outcomes given the limitations of the
included studies. Finally, in evaluation of MACCE, there is
just 1 trial that considered stroke. Furthermore, MACCE
analysis included all-cause mortality, and caution should be
exercised in its interpretation because after the initial fol-
low-up, the risk of noncardiovascular death exceeds that of
cardiovascular death in some of these populations.

In conclusions, the use of initial invasive strategy in
older patients presenting with NSTEMI was associated
with a significantly lower risk of MACCE and unplanned
revascularization than was the initial conservative strategy
without increased bleeding.
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