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Abstract

Background

Patients 65 years old and older largely represent (>50%) hospital-admitted patients with

acute coronary syndrome (ACS). Data are conflicting comparing efficacy of early routine

invasive (within 48–72 hours of initial evaluation) versus conservative management of ACS

in this population.

Objective

We aimed to determine the effectiveness of routine early invasive strategy compared to con-

servative treatment in reducing major adverse cardiovascular events in patients 65 years

old and older with non-ST elevation (NSTE) ACS.

Data sources

We conducted a systematic review of randomized controlled trials (RCTs) through PubMed,

Cochrane, and Google Scholar database.

Study selection

The studies included were RCTs that evaluated the effectiveness of invasive strategy com-

pared to conservative treatment among patients� 65 years old diagnosed with NSTEACS.

Studies were included if they assessed any of the following outcomes of death, cardiovascu-

lar mortality, myocardial infarction (MI), stroke, recurrent angina, and need for revasculariza-

tion. Six articles were subsequently included in the meta-analysis.
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Data extraction

Three independent reviewers extracted the data of interest from the articles using a stan-

dardized data collection form that included study quality indicators. Disparity in assessment

was adjudicated by another reviewer.

Data synthesis

All pooled analyses were initially done using Fixed Effects model. For pooled analyses with

significant heterogeneity (I2� 50%), the Random Effects model was used. A total of 3,768

patients were included, 1,986 in the invasive strategy group, and 1,782 in the conservative

treatment group.

Results

Meta-analysis showed less incidence of revascularization in the invasive (2%) over conser-

vative treatment groups (8%), with overall risk ratio of 0.29 (95% CI 0.14 to 0.59). Across all

pooled studies, no significant effect of invasive strategy on all-cause mortality, cardiovascu-

lar mortality, stroke, and MI was observed. Only one study assessed the outcome of recur-

rent angina.

Conclusion

There was a significantly lower rate of revascularization in the invasive strategy group com-

pared to the conservative treatment group. In the reduction of all-cause mortality, cardiovas-

cular mortality, MI, and stroke there was no significant effect of invasive strategy versus

conservative treatment. This finding does not support the bias against early routine invasive

intervention in patients� 65 years old with NSTEACS. Further studies focusing on these

patients with larger population sizes are still needed.

Introduction

Based on the World Health Organization’s Global Burden of Disease report, ischemic heart

disease (IHD) is the overall leading cause of death worldwide [1]. Although the annual number

of hospital discharges for acute coronary syndromes (ACS) in developed countries has

declined slowly over the past two decades, the number has increased in developing countries

[2]. In the Philippines, cardiovascular disease (CVD) remains the leading cause of mortality

[3]. The Philippine Heart Association ACS registry reported that ACS is prevalent in the age

range 51–70, with mean age group of 66 years old [3].

The most recent American College of Cardiology/American Heart Association (ACC/AHA

2014) and the European Society of Cardiology (ESC 2015) guidelines for non–ST segment ele-

vation ACS (NSTEACS) reflect medical advancements in therapeutics and strategies of care

leading to improved survival in ACS, but this was mainly observed in relatively younger indi-

viduals (<65 years of age) and in men. These guidelines emphasize intensive and early medical

and interventional therapy, particularly for those at high risk [4–6].

The 2014 AHA/ACC NSTEACS Guidelines generally recommend that older patients with

NSTEACS should be treated with goal-directed medical therapy, together with an early inva-

sive strategy, and revascularization as appropriate [5]. The 2015 ESC Guidelines for the
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Management of ACS, on the other hand, recommend that decisions on elderly patients with

NSTEACS should be based on ischemic and bleeding risks, estimated life expectancy, comor-

bidities, quality of life, patient values and preferences, and the estimated risks and benefits of

revascularization [6]. Despite the guidelines, older patients are less likely to undergo proce-

dures after an NSTEACS than younger patients due in part to patient and practitioner con-

cerns about the increased risk of complications [7–9].

Due to conflicting results of studies, lack of specific recommendations from the abovemen-

tioned guidelines, and the paucity of data on early invasive strategy versus conservative treat-

ment for NSTEACS in patients� 65 years old, this meta-analysis was conducted to focus on

this special population to compare benefits and risks of early invasive therapy versus conserva-

tive management.

Research question

Among elderly patients aged� 65 years old with NSTEACS, how effective is invasive strategy

compared to conservative treatment in preventing major adverse cardiovascular events

(MACE)?

Objectives

General

To determine the effectiveness of invasive strategy compared to conservative treatment in

reducing MACE among elderly patients with NSTEACS.

Specific

Among patients� 65 years old with NSTEACS, to determine the effectiveness of invasive

strategy compared to conservative treatment, in 6 months (short-term) to 15 years (long-

term), in reducing:

a. Death or all-cause mortality;

b. Cardiovascular mortality;

c. Myocardial infarction (MI);

d. Stroke;

e. Recurrent angina;

f. Need for revascularization.

Methodology

Study registration

Prior to the conduct of the research, the study was registered and approved by the Committee

on Research (CORES) of Manila Doctors Hospital.

Criteria for considering studies for this review

The studies included were RCTs that evaluated the effectiveness of invasive strategy compared

to conservative treatment among patients� 65 years old diagnosed with NSTEACS. Studies

were included if any of the outcomes assessed were: death, cardiovascular mortality, MI,

stroke, recurrent angina, and need for revascularization.
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Definition of terms

1. Invasive strategy or early invasive strategy–Routine early cardiac catheterization (within

48–72 hours of initial evaluation) followed by percutaneous coronary intervention (PCI) or

coronary artery bypass graft (CABG) depending on the coronary anatomy within the

patient’s hospital admission for the index event on top of continuing medical therapy.

2. Conservative treatment—Initial optimal medical management, with cardiac catheteriza-

tion reserved for patients with recurrent ischemia at rest or after a non-invasive stress test,

followed by revascularization if the anatomy is suitable.

3. Elderly patients–Patients aged 65 years or older (WHO, 2000), with or without comorbidities.

4. Non-ST elevation acute coronary syndrome (NSTEACS)–A clinical manifestation of

ischemic heart disease, which includes non-ST elevation MI and unstable angina, both pre-

senting as: (1) sudden onset of symptoms at rest lasting at least 10 minutes; (2) severe pain,

pressure, or discomfort in the chest; (3) accelerating pattern of chest pain that develops

more frequently, more severe, or awakens patient from sleep.

5. Non-ST elevation MI (NSTEMI)–Patients with abovementioned symptoms without ST-

segment elevation in at least 2 contiguous electrocardiogram (ECG) leads but with elevation

of myocardial biomarkers > 99% percentile of normal

6. Unstable angina—Patients with abovementioned symptoms without ST-segment elevation

in at least 2 contiguous electrocardiogram (ECG) leads but without elevation of myocardial

biomarkers

Search methods for identification of studies

Systematic computerized search (S1 Appendix) was performed using the Pubmed, Google

Scholar, and Cochrane databases. MESH and free text of the following main key terms were

used: “randomized controlled trials”, “elderly”, “non-ST elevation acute coronary syndrome”,

“invasive strategy”, “conservative management”, “invasive strategy versus conservative strat-

egy”, “major adverse cardiovascular events”, “all-cause mortality”, “cardiovascular mortality”,

“myocardial infarction”, “stroke”, “recurrent angina”, “need for revascularization”. The last

search was done on September 1, 2019.

Eligibility assessment was performed independently in a standard manner by three review-

ers. The literature search identified 151 relevant articles. Of the 151 articles, 34 were excluded

due to different intervention since they did not involve comparing invasive versus conservative

management in ACS. Among the 117 articles left, 30 articles were excluded due to different

outcomes being assessed (i.e. arterial access site-related outcomes, risk for CABG, risk for

heart failure, abnormal tissue perfusion). Among the 87 articles left, 51 articles subsequently

were excluded due to different methods (i.e. observational studies, post-hoc analysis, cost-

study, adherence study, registry data, outcome research study). Furthermore, among the 36

articles left, 23 were excluded due to different population (i.e. involved patients who have

STEMI, post-MI, stable IHD, sepsis). Thirteen articles were then fully reviewed for eligibility.

Among the 13 articles reviewed, 2 articles were possibly eligible but these are ongoing RCTs

(MOSCA-FRAIL and DEAR-OLD Trials) with no published data yet at time of writing; hence,

excluded [10,11]. Among the remaining 11 articles, 2 articles were excluded due to different

intervention while 2 articles were excluded due to different population. One article was possibly

eligible but did not report the event rates per treatment group (details for the titles of the studies

and reasons for exclusion are listed in S2 Appendix). To access needed data in this particular
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study, correspondence with the author via email was done, but with no reply from the author

until the time of writing. Six articles were subsequently included in the meta-analysis (Fig 1).

Assessment of risk bias of included trials

Three independent reviewers extracted the data of interest using a standardized data collection

form (S3 Appendix) and individually appraised each trial. The reviewers discussed the quality

of included trials, outcomes to be collected, and risks of bias. Disparity in assessment was set-

tled by an independent adjudicator. The assessment of random sequence generation, alloca-

tion concealment, incomplete outcome data, blinding of participants and personnel, blinding

of outcome assessment, and intention-to-treat analysis was done using the quality scale for

meta-analytic review, the Cochrane Collaboration Tool for Risk of Bias.

Data analysis

Review Manager 5.3 was used to analyze the data. Analysis of dichotomous data was done

using risk ratio, 95% confidence interval, and Mantel-Haenszel method with fixed effects

Fig 1. Search strategy for identification of studies.

https://doi.org/10.1371/journal.pone.0229491.g001
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model when there was no evidence of statistical heterogeneity. A random effects model was

used in the presence of heterogeneity. Heterogeneity between trials was tested using a standard

Chi-square test and I2 statistics. The p-value of<0.10 was considered to be statistically signifi-

cant and I2 of�50% is considered to have high heterogeneity.

Description of studies

Six randomized controlled trials involving a total of 3,768 patients met the inclusion criteria.

The invasive strategy group was composed of 1,986 patients while the conservative treatment

group was consisted of 1,782 patients.

The data on population characteristics, intervention type, and measured outcomes were

extracted from each trial (Table 1). The summary of numerical data extracted from each trial

was illustrated in S4 Appendix. Four of the trials included patients with NSTEACS aged� 70

years while two trials included patients� 65 years old [10,15]. The studies compared the effec-

tiveness of early invasive strategy (treatment group) versus optimum medical treatment (con-

trol group) in the management of NSTEACS in patients� 65 years old.

In the control group all the trials used standard medical treatment [12–17]. In the treatment

arm, four trials specified the time to intervention (4–72 hours) [12,14,15,16]. One of the six

studies defined the time to intervention as coronary angiography and, if appropriate, revascu-

larization within 7 days from admission for the index event [17]. Only one study did not spec-

ify the time to intervention but only mentioned “during initial admission” [13]. All of the trials

included CABG as part of the intervention when indicated [12–17]. The study by Tegn et al.

(2016) showed that 107 out of 229 (47%) underwent PCI while 6 out of 229 (3%) underwent

CABG. Sanchis et al. (2016) reported that 28 out of 52 (54%) underwent PCI while 2 out of 52

(4%) underwent CABG. Savonnito et al. (2012) reported in their study that 76 out of 154

(50%) underwent PCI while 9 out of 154 (6%) underwent CABG. Bach et al. showed that 394

out of 679 (58%) underwent PCI while 285 out of 679 (42%) underwent CABG. Wallentin

et al. (2016) reported that 926 out of 1,222 (76%) underwent revascularization during hospital

admission for the index event but did not report what proportion underwent PCI and CABG.

Puymirat et al. (2012) also reported that 860 out of 1,316 (65%) underwent PCI but also just

stated that 71% had either PCI or CABG. Emails were sent to the authors to possibly obtain

and clarify these information.

In the conservative group, a proportion of patients underwent coronary revascularization

in 4 out of the 6 RCTs as follows: Bach: 404/1106 (37%), Sanchis: 5/54 (9%), Savonnito: 36/159

(23%), and Wallentin: 173/1235 (14%). In the remaining two studies, by Puymirat and Tegn,

none of the patients in the conservative group underwent subsequent revascularization.

All trials assessed the outcome of all-cause mortality. Cardiovascular death was assessed by

two trials [15,17]. Four trials reported the outcome of myocardial infarction [12,14,15,16]. Three

trials assessed the outcome of stroke [12,14,15]. The outcomes of revascularization were reported

by three studies [14–16]. The events of recurrent angina were assessed only by one study [15].

The Cochrane collaboration tool was used to assess the risk of bias. The random sequence

generation, allocation concealment, incomplete outcome data, blinding of participants and

personnel, blinding of outcome assessment, and intention-to-treat analysis were evaluated for

each trial. All included trials were assessed to have low risk for bias (Table 2). Five funnel plots

(Figs 2–6) for the presence of publication bias were illustrated in the following pages. There

was no funnel plot for the outcome of recurrent angina. A symmetrical plot may suggest either

a low probability or absence of publication bias. However, for our meta-analysis, the power of

the funnel plot to detect true publication bias may be low because the trials included were less

than 10.
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Table 1. Characteristics of included trials.

Study ID Population Intervention Outcome Methods

Sanchis et al.,

2016

N = 106

Inclusion:

Patients� 70 years old with

significant comorbidities

diagnosed with NSTEMI

Mean age ± standard deviation

(SD) of patients under the

invasive strategy: 81 ± 5

Mean age ± SD of patients

under the conservative

strategy: 83 ± 6

Exclusion:

1) Dynamic ST-segment

changes;

2) Prior known non

revascularizable CAD;

3) Concomitant

heart disease different than

ischemic heart disease; and

4) Life expectancy�1 year.

Treatment Group: Routine

cardiac catheterization within

72 h of admission

Control Group:

Only medical treatment,

although cardiac

catheterization was allowed in

the case of poor in-hospital

outcome

Primary:

Composite of all-cause

mortality, recurrent

myocardial infarction and

readmission for cardiac

cause

Secondary:

All-cause mortality,

Reinfarction or Post-

discharge revascularization,

and bleeding episodes

Open label

multicenter

randomized

controlled trial

(Follow-up of 3 to

36 months)

Tegn et. al, 2016

N = 457

Inclusion:

Patients� 80 years old with

NSTEMI or Unstable Angina

Mean age (and range) of

patients under the invasive

strategy:84.7 (80–93)

Mean age (and range) of

patients under the

conservative strategy:84.9 (80–

94)

Exclusion:

1) Clinically unstable;

2) Cardiogenic shock;

3) Continuing bleeding

problems; or

4) Short life expectancy.

Treatment Group:

Early coronary angiography

(within 24 hours) with

immediate assessment for

adhoc PCI, CABG, or

optimum medical treatment

Control Group:

Optimum medical treatment

alone

Primary:

Composite of MI, need for

urgent revascularization

stroke and death

Secondary:

Death from any cause

Open label

multicenter

randomized

controlled trial

(Follow-up of 3

years)

Wallentin et al.,

2016

N = 2457 total

patient

population

initially

recruited

(N = 2421

patients with

known survival

status)

n = 1,292 total

patient

population with

advanced age

initially

recruited

(n = 1,272

patients with

advanced age

with known

survival status)

Inclusion:

Patients with suspicion of non-

ST elevation acute coronary

syndrome had to be verified by

signs of ischemia with

significant ST depression or

pathological T-wave inversion

on electrocardiography at rest,

or by elevation of biochemical

markers of myocardial damage.

Median age (and range) of

patients under the invasive

strategya: 66 (40.8–84.5)

Median age (and range) of

patients under the

conservative strategya: 65.3

(37.5–83.5)

Exclusion:

Patients were excluded if they

had indication, or had been

treated within the past 24 h,

for thrombolysis, had

undergone angioplasty within

the past 6 months, had had

previous open-heart surgery,

were at an advanced age (eg,

older than 75 years; cutoff

limits for advanced age varied

between hospitals and

countries and were decided

by each unit), or had other

conditions that made

randomisation to early

revascularisation

inappropriate.

Treatment Group:

Coronary angiography and, if

appropriate, revascularisation

within 7 days from admission

for the index event

(“Percutaneous coronary

intervention was

recommended in patients

with one or two significant

lesions whereas coronary

artery bypass graft surgery

was to be preferred in

patients with three-vessel or

left main disease.”)

Control Group:

Coronary angiography in

patients with refractory or

recurrent symptoms despite

optimum medical treatment,

or severe ischemia as

identified by a pre-discharge

symptom-limited exercise

test.

Primary:

Composite of all-cause death

and myocardial infarction

Secondary:

All-cause death, cardiac

death, and new

revascularisation procedures,

hospital admissions for

ischemic heart disease and

any cardiac disease

Open label

multicenter

randomized

controlled trial

(Follow-up of 15

years)

Puymirat et al.,

2012

N = 1,645

(total

population)

n = 658

(patient

subgroup with

age� 75)

Inclusion criteria:

Men or women aged over 18

years (Includes subgroup > 75

years old), who were admitted

within 48 h after symptom onset

for an acute MI

Mean age ± SD of patients

under the invasive

strategy:67.1 ±12.3

Mean age ± SD of patients

under the conservative

strategy: 79.7 ± 10.5

Exclusion:

1) Iatrogenic MI;

2) ACS diagnosis invalidated

in favor of another diagnosis;

and

3) Patients with unstable

angina and no increase in

cardiac biomarkers.

Treatment Group:

Early coronary angiography

(during the initial hospital

admission)

Control Group:

Received only medical

therapy

Primary:

Mortality, Minor bleeding,

and Major bleeding

Open label

multicenter

randomized

controlled trial

(Follow-up of 3

years)

(Continued)
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Results

Effects of intervention on outcomes of interest

A. All-cause mortality. The follow-up periods of each RCT in this study were summa-

rized in Table 1. For the outcome of all-cause mortality, the mean duration of follow-up is 4

Table 1. (Continued)

Study ID Population Intervention Outcome Methods

Savonnito, et al,

2012

N = 313

Inclusion:

Patients�75 years old, assessed

to have NSTEACS with cardiac

ischemic symptoms at rest

within 48 h

Mean age ± SD of patients

under the invasive

strategy:81.8 ±4.4

Mean age ± SD of patients

under the conservative

strategy: 81.8 ± 4.7

Exclusion:

1) Secondary causes of

myocardial ischemia;

2) Ongoing myocardial

ischemia or heart failure

despite optimized therapy;

3) PCI or CABG within 30

days before randomization;

4) Serum creatinine >2.5 mg/

dl;

5) Cerebrovascular accident

within the previous month;

6) Recent transfusions;

7) Gastrointestinal or

genitourinary bleeding within

6 weeks before

randomization;

8) Platelet count <90,000

cells/ul

9) Ongoing oral

anticoagulation

10) Severe obstructive lung

disease

11) Malignancy;

12) Neurological deficit

limiting follow-up.

Treatment group:

Coronary angiography within

72 h and, when indicated,

coronary revascularization by

either PCI or CABG

Control Group:

Initially conservative therapy

and coronary angiography

during index hospital stay

was allowed in the case of

refractory ischemia,

myocardial (re)infarction,

heart failure of ischemic

origin, or malignant

ventricular arrhythmias

Primary:

Composite of all-cause

mortality, non-fatal MI,

disabling stroke, and repeat

hospital stay for

cardiovascular causes or

severe bleeding within 12

months

Open randomized

controlled trial

(Follow-up of 1

year)

Bach et al., 2004

N = 2, 220

(total

population)

n = 962 (patient

subgroup with

age� 65)

Inclusion:

Patients older than 18 years of

age (with subgroup of � 65

years old) with episode of

angina in the preceding 24

hours; Candidates for coronary

revascularization

Mean age ± SD of the

subgroup� 65 years old: 72.9

± 5.6

Exclusion:

1) Persistent ST-segment

elevation; 2) Secondary

angina;

3) Percutaneous coronary

revascularization or coronary

bypass surgery within the

previous 6 months; 4)

Unstable comorbidities;

5) Left bundle-branch block

or paced rhythm;

6) Severe congestive heart

failure or cardiogenic shock;

7) Clinically important

systemic disease;

8) Serum creatinine

concentration greater than

220 umol/L (>2.5 mg/dL);

9) Treatment with a

glycoprotein IIb/IIIa

antagonist within the past 96

hours; or 10) Ongoing long-

term treatment with

ticlopidine, clopidogrel, or

warfarin.

Treatment Group: Coronary

angiography 4 to 48 hours

after randomization (cardiac

catheterization, PCI, and

CABG surgery during the

index hospitalization)

Control Group:

Medical treatment; Coronary

angiography was reserved for

patients who had certain

high-risk characteristics

consistent with failure of

medical therapy or stress-

induced ischemia

Primary:

Rates of 30-day and 6-month

mortality, nonfatal MI,

rehospitalization, stroke, and

hemorrhagic complications

Open randomized

controlled trial

(Follow-up of 6

months and 1

year)

aMedian age of the subgroup with age > 65 years old was not reported in the study of Wallentin et al.

https://doi.org/10.1371/journal.pone.0229491.t001
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years. A total of 607 among 1,986 (31%) patients� 65 years old with NSTEACS died in the

Invasive Strategy Group; while 646 died among 1,782 (36%) patients in the Conservative

Group (Fig 7). The pooled analysis of all-cause mortality showed no significant effect of

Table 2. Quality assessment table.

Study ID Method of Random

Sequence Generation

(Selection Bias)

Method of Allocation

Concealment

(Selection Bias)

Incomplete Outcome

Data/Loss of participants

to follow up (Attrition

Bias)

Blinding of Participants

and Personnel

(Performance Bias)

Blinding of

Outcome

Assessment

(Detection Bias)

Selective Reporting/

Intention to treat

analysis (Reporting

Bias)

Sanchis

et al., 2016

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Tegn et. Al,

2016

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Wallentin

et al., 2016

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Puymirat

et al., 2012

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Savonnito,

et al, 2012

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Bach et al.,

2004

Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
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Fig 2. Funnel plot for the assessment of publication bias for the six randomized controlled trials that assessed the outcome of all-cause mortality.

https://doi.org/10.1371/journal.pone.0229491.g002
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invasive strategy on the outcome with an overall risk ratio of 0.69 (95% CI 0.39 to 1.23) with

significant heterogeneity (p value of 0.00001, I2 = 91%) using the Random Effects model. Initial

analysis using the Fixed Effects model was illustrated in Fig 8. Analysis showed that the study

by Puymirat et al. achieved results that were strongly different from other studies in terms of

the outcome of all-cause mortality. Hence, a pooled analysis that excluded this study was

attempted but the results were still not significant as illustrated in Fig 9.

B. Cardiovascular mortality. The mean duration of follow-up for cardiovascular mortal-

ity was 8 years. A total of 156 among 802 (19%) patients� 65 years old with NSTEACS devel-

oped the outcome of cardiovascular mortality in the Invasive Strategy Group; while 170

among 783 (22%) patients died of cardiovascular cause in the Conservative Group (Fig 10).

The pooled analysis of cardiovascular mortality showed no significant effect of invasive strat-

egy on the outcome with an overall risk ratio of 0.86 (95% CI 0.67 to 1.10).

C. Myocardial infarction. The average follow-up for the outcome of MI was 2 years.

In the Invasive Strategy Group, there were 89 events of MI among a total of 926 (10%)

patients; while there were 142 among 912 (16%) patients in the Conservative Group (Fig

11). The pooled analysis showed that invasive strategy showed no significant effect on the

outcome versus conservative treatment in preventing MI with an overall risk ratio of 0.63

(95% CI 0.39 to 1.04) with significant heterogeneity (p value of 0.07, I2 = 60%) using the

Fig 3. Funnel plot for the assessment of publication bias for the two randomized controlled trials that assessed the outcome of cardiovascular mortality.

https://doi.org/10.1371/journal.pone.0229491.g003
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Random Effects model. An initial analysis using the Fixed Effects model was illustrated in

Fig 12.

D. Stroke. Similar to MI, the mean follow-up for the outcome of stroke was 2 years.

Among the six trials, Savonitto et al., Tegn et al., and Bach et al. reported the outcomes of

stroke (Fig 13). In the Invasive Strategy Group, there were 13 events of stroke among 874 (2%)

patients; while there were 24 among 858 (3%) patients in the Conservative Group. The pooled

analysis showed that early invasive strategy showed no significant effect on outcomes of stroke

with overall risk ratio of 0.52 (95% CI 0.26–1.03, I2 = 0%).

E. Need for revascularization. The average duration of follow-up for this outcome was

also 2 years. In elderly patients with NSTEACS, there were a total of 10 patients among 435

(2%) who needed revascularization in the Invasive Group while there were 34 patients among

441 (8%) in the Conservative Group (Fig 14). The pooled analysis for need for revasculariza-

tion showed statistically significant benefit with an overall risk ratio of 0.29 (95% CI 0.14 to

0.59) with no significant heterogeneity (p value of 0.0006, I2 = 3%).

F. Outcome for recurrent angina. Among the six trials, only one trial assessed the out-

come of recurrent angina [15]. The follow-up period for this outcome was 1 year. An invasive

strategy showed no significant effect on the outcomes of recurrent angina (RR 0.81, 95% CI

0.45–1.46, p = 0.49).

Fig 4. Funnel plot for the assessment of publication bias for the four randomized controlled trials that assessed the outcome of myocardial infarction.

https://doi.org/10.1371/journal.pone.0229491.g004
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Discussion

Meta-analysis of data from the six trials included in this study showed that an early invasive

strategy appears to be beneficial in terms of reduction of need for revascularization in suitable

patients� 65 years old with NSTEACS. This finding implies that more patients in the conser-

vative group clinically worsened during their course in the ward, requiring revascularization.

It is also possible that early anatomic definition of the diseased coronaries may help the attend-

ing physician optimize an appropriate evidence-based management of the patient. The studies

that evaluated the outcomes of revascularization stated that the indications for revasculariza-

tion in the conservative group were: positive pre-discharge stress test, poor in-hospital out-

comes, recurrent ischemia, reinfarction, malignant ventricular arrhythmias, refractory angina,

and heart failure [14–16]. Some patients who subsequently required revascularization could

have probably been better off with an early invasive approach. However, it is important to note

that although there was a significant difference in the need for revascularization between the

invasive (2%) and conservative (8%) groups, the rates of revascularization for both groups are

low; hence, an implication that an invasive strategy is not a commonly applied management

for this population limiting its broad application.

Fig 5. Funnel plot for the assessment of publication bias for the three randomized controlled trials that assessed the outcome of stroke. (One study had zero

outcomes of stroke in both interventions).

https://doi.org/10.1371/journal.pone.0229491.g005
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For the outcomes of death and MI, an invasive strategy showed no significant effect on the

outcomes versus conservative treatment with significant heterogeneity. The possible sources of

heterogeneity for the outcomes of death and MI may be the small number of events and sam-

ple sizes. In three out of the six studies, the patient population� 65 years old was just a sub-

group analysis of the total population [12,13,17]. Hence, the population in the subgroup

analysis may not be powered enough to detect the differences in the intervention and

Fig 6. Funnel plot for the assessment of publication bias for the three randomized controlled trials that assessed the outcome of need for

revascularization.

https://doi.org/10.1371/journal.pone.0229491.g006

Fig 7. Comparison between invasive and conservative strategy with the outcome of all-cause mortality.

https://doi.org/10.1371/journal.pone.0229491.g007
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outcomes of interest. In addition, there were differences in age cutoffs. Two studies had age

cutoffs of 75 years [12,15]; two had cutoffs of 65 years [12,17]; while the remaining two had

age cutoffs of 70 and 80 years [14,16]. Possible clinical differences in outcomes may exist

within the age brackets of this particular population. Furthermore, there were differences in

follow-up periods, ranging from 3 months to 15 years, which may have contributed to the het-

erogeneity since shorter follow-up would mean lesser chance of catching the outcome of inter-

est but longer follow-up would mean higher probability of the event occurring [12–17].

Likewise, the application of invasive strategy did not lead to reduction of cardiovascular mor-

tality and stroke. Recurrent angina was assessed only in one study [15], which also showed no

significant findings in favor of invasive strategy.

Overall, this study does not support the relatively conservative tendency when dealing with

patients� 65 years old with NSTEACS in real-life clinical setting. The advance-aged popula-

tion is considered a high-risk group wherein more than half the mortality in NSTEACS occur

Fig 8. Comparison between invasive and conservative strategy with the outcome of all-cause mortality using Fixed Effects model.

https://doi.org/10.1371/journal.pone.0229491.g008

Fig 9. Pooled analysis of 5 out of 6 RCTs (excluding the study by Puymirat et al.) showing comparison between invasive and conservative strategy with the

outcome of all-cause mortality using the Fixed Effects model.

https://doi.org/10.1371/journal.pone.0229491.g009
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and a more aggressive approach in suitable patients may be more appropriate and beneficial

particularly in reducing need for revascularization [5].

Frailty is common among older adults and is defined as a “state of reduced physiological

reserve and increased vulnerability for poor resolution of homeostasis after a stressor event”

[18]. A recent meta-analysis showed that frailty was associated with increased risk of cardio-

vascular diseases and was also associated with a 3-fold increase in risk for cardiovascular death

[19]. The mechanism was said to be multi-factorial, likely owing to vascular, cardiac, cellular,

bio-humoral, and endocrine alterations in the frail condition [19]. In addition, most especially

during an ACS that is a stressor event, the increase in inflammation and thrombosis places the

older patients at a more vulnerable state. Hence, a more aggressive approach may be suitable

for appropriate, high cardiovascular risk patients.

Fig 10. Comparison between invasive and conservative strategy with the outcome of cardiovascular mortality.

https://doi.org/10.1371/journal.pone.0229491.g010

Fig 11. Comparison between invasive and conservative strategy with the outcome of myocardial infarction.

https://doi.org/10.1371/journal.pone.0229491.g011
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Among people who die of ischemic heart disease, 83% were>65 years of age [1]. This mor-

tality rate is expected to increase in the forthcoming decades due to improving life expectancy

of the elderly. Age is one of the most important predictors of risk in NSTEACS. Each 10-year

increase in age results in a 75% increase in hospital mortality in ACS patients [20]. Despite the

relatively higher risk in this age group, older ACS patients are under-represented in clinical tri-

als such that subjects older than 75 years of age account for less than 10%, and those older than

85 years account for less than 2% of all NSTEACS subjects [7]. This highlights the need for

more clinical trials and studies in this age group.

Data from the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Sup-

press Adverse Outcomes with Early Implementation of the American College of Cardiology/

American Heart Association Guidelines) registry showed that NSTEMI patients aged� 65

years who experienced an in-hospital major bleed had a 33% increased risk of 30-day mortality

[21]. However, the advancement of equipment and technique has made PCI safer for even

Fig 12. Comparison between invasive and conservative strategy with the outcome of myocardial infarction using the Fixed Effects model.

https://doi.org/10.1371/journal.pone.0229491.g012

Fig 13. Comparison between invasive and conservative strategy with the outcome of stroke.

https://doi.org/10.1371/journal.pone.0229491.g013
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very elderly patients (� 90 years of age) with high success rates and declining major bleeding

risk [22].

The length of dual antiplatelet therapy (DAPT) for older patients is a concern especially for

those who underwent PCI. However, there are still limited data on the optimal DAPT duration

for patients for whom bleeding and ischemic risks should be considered. A recent cohort

study (data obtained from the RENAMI Registry) evaluated the benefit-to-risk ratio of differ-

ent DAPT durations (< 12 months, 12 months, and> 12 months) in ACS patients who under-

went PCI [21]. The study showed that DAPT of at least 12 months is more beneficial than

shorter DAPT in reducing net adverse clinical events (NACE), a combination of MACE and

major bleeding complications. However, the result was different for the subgroup population

> 75 years of age in this study since a reduced benefit was noted for prolonged DAPT > 12

months. The higher risk for harm than benefit was noted for this particular group most likely

due to impaired renal function, peri-, and post-procedural bleeding [21]. Nevertheless, this

issue may be addressed by using “PRECISE-DAPT” Score, a simple five-item tool that guides

the optimal DAPT duration after PCI [22]. The study recommended that their finding of less

favorable risk-benefit ratio for prolonged DAPT in those> 75 years old should be confirmed

by RCTs.

Summary and conclusion

Results of this meta-analysis showed that there was a significant reduction in the need for

revascularization in the invasive strategy group compared to the conservative treatment group

in NSTEACS patients� 65 years old. This finding does not support the bias against early rou-

tine invasive intervention in this patient population.

Although an early invasive strategy may be favorable in the need for revascularization

among those� 65 years old presenting with NSTEACS, the certainty of benefit versus risk still

needs to be supported by larger clinical trials and registries with uniform age cutoff for this

population, particularly� 65 years old, to provide high generalizability and statistical power.

Current risk scoring systems such as the GRACE (Global Registry of Acute Coronary Events)

Score, TIMI (Thrombolysis in Myocardial Infarction) Risk Score, and CRUSADE Bleeding

Score are recommended in the initial evaluation of elderly patients presenting with NSTEACS.

A special risk scoring may be developed to more accurately identify those who are suitable for

an early invasive strategy, with an expected larger outcome and survival benefit.

Fig 14. Comparison between invasive and conservative strategy with the outcome of need for revascularization.

https://doi.org/10.1371/journal.pone.0229491.g014
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17. Wallentin L, Lindhagen L, Ärnström E, Husted S, Janzon M, Johnsen SP. Early invasive versus non-

invasive treatment in patients with non-ST-elevation acute coronary syndrome (FRISC-II): 15 year fol-

low-up of a prospective, randomised, multicentre study. The Lancet. Published online August 29, 2016

http://dx.doi.org/10.1016/S0140-6736(16)31276-4

18. Clegg A., Young J., Iliffe S., Rikkert M.O., Rockwood K., 2013. Frailty in elderly people. Lancet 381,

752–62. https://doi.org/10.1016/S0140-6736(12)62167-9 PMID: 23395245

19. Veronese N., Cereda E., Stubbs B., Solmi M., Luchini C., Manzato, et al. Risk of Cardiovascular Dis-

ease Morbidity and Mortality in Frail and Pre-Frail Older Adults: Results from a Meta-Analysis and

Management strategies in patients > 65 years old with NSTEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0229491 February 27, 2020 19 / 20

https://doi.org/10.1056/NEJMra1201534
http://www.ncbi.nlm.nih.gov/pubmed/23902484
https://doi.org/10.1161/CIRCULATIONAHA.111.047480
https://doi.org/10.1161/CIRCULATIONAHA.111.047480
http://www.ncbi.nlm.nih.gov/pubmed/22420957
http://www.americanheart.org/presenter
https://doi.org/10.1161/CIR.0000000000000134
http://www.ncbi.nlm.nih.gov/pubmed/25249585
https://doi.org/10.1093/eurheartj/ehv320
http://www.ncbi.nlm.nih.gov/pubmed/26320110
https://doi.org/10.1001/jama.286.6.708
http://www.ncbi.nlm.nih.gov/pubmed/11495621
https://doi.org/10.1016/j.ahj.2004.06.003
http://www.ncbi.nlm.nih.gov/pubmed/15660036
https://doi.org/10.1016/j.ahj.2017.10.022
http://www.ncbi.nlm.nih.gov/pubmed/29421016
https://doi.org/10.7326/0003-4819-141-3-200408030-00007
https://doi.org/10.7326/0003-4819-141-3-200408030-00007
http://www.ncbi.nlm.nih.gov/pubmed/15289215
https://doi.org/10.1016/j.jcin.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22995875
http://dx.doi.org/10.1016/S0140-6736(15)01166-6
http://dx.doi.org/10.1016/j.ejim.2016.07.003
http://dx.doi.org/10.1016/S0140-6736(16)31276-4
https://doi.org/10.1016/S0140-6736(12)62167-9
http://www.ncbi.nlm.nih.gov/pubmed/23395245
https://doi.org/10.1371/journal.pone.0229491


Exploratory Meta-Regression Analysis. Ageing Research Reviews https://doi.org/10.1016/J.Arr.2017.

01.003

20. Dai Xuming, Busby-Whitehead J, and Alexander KP. Acute coronary syndrome in the older adults. J

Geriatr Cardiol 2016; 13: 101–108. https://doi.org/10.11909/j.issn.1671-5411.2016.02.012 PMID:

27168733

21. Fabrizio D., Bertaina M., Fioravanti F., Bongiovanni F., Raposeiras-Roubin S., Abu-Assi E. et al. Long

versus short dual antiplatelet therapy in acute coronary syndrome patients treated with prasugrel or tica-

grelor and coronary revascularization: Insights from the RENAMI registry. European Journal of Preven-

tive Cardiology 0(00) 1–10. The European Society of Cardiology 2019. Article reuse guidelines:

sagepub.com/journals-permissions https://doi.org/10.1177/2047487313487483 journals.sagepub.com/

home/ejpc

22. Costa F, van Klaveren D, James S, et al. Derivation and validation of the predicting bleeding complica-

tions in patients undergoing stent implantation and subsequent dual antiplatelet therapy (PRECISE-

DAPT) score: A pooled analysis of individual-patient datasets from clin- ical trials. Lancet 2017; 389:

1025–1034. https://doi.org/10.1016/S0140-6736(17)30397-5 PMID: 28290994

Management strategies in patients > 65 years old with NSTEMI

PLOS ONE | https://doi.org/10.1371/journal.pone.0229491 February 27, 2020 20 / 20

https://doi.org/10.1016/J.Arr.2017.01.003
https://doi.org/10.1016/J.Arr.2017.01.003
https://doi.org/10.11909/j.issn.1671-5411.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27168733
https://doi.org/10.1177/2047487313487483
https://doi.org/10.1016/S0140-6736(17)30397-5
http://www.ncbi.nlm.nih.gov/pubmed/28290994
https://doi.org/10.1371/journal.pone.0229491

