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Abstract

Aims: Current guidelines recommend an early invasive strategy in patients with non-ST-segment elevation

KEYWORDS

o ACS/NSTE-ACS acute coronary syndromes (NSTEACS). The role of an invasive strategy in frail elderly patients remains
e clinical research

e elderly (>75)

controversial. The aim of this substudy was to assess the impact of an invasive strategy on outcomes
according to the degree of frailty in these patients.

Methods and results: The LONGEVO-SCA registry included unselected NSTEACS patients aged
>80 years. A geriatric assessment, including frailty, was performed during hospitalisation. During the
admission, we evaluated the impact of an invasive strategy on the incidence of cardiac death, reinfarction
or new revascularisation at six months. From 531 patients included, 145 (27.3%) were frail. Mean age was
84.3 years. Most patients underwent an invasive strategy (407/531, 76.6%). Patients undergoing an invasive
strategy were younger and had a lower proportion of frailty (23.3% vs. 40.3%, p<0.001). The incidence
of cardiac events was more common in patients managed conservatively, after adjusting for confounding
factors (sub-hazard ratio [sHR] 2.32, 95% confidence interval [CI]: 1.26-4.29, p=0.007). This association
remained significant in non-frail patients (sHR 3.85, 95% CI: 2.13-6.95, p=0.001), but was not significant
in patients with established frailty criteria (sHR 1.40, 95% CI: 0.72-2.75, p=0.325). The interaction invasive
strategy-frailty was significant (p=0.032).

Conclusions: An invasive strategy was independently associated with better outcomes in very elderly
patients with NSTEACS. This association was different according to frailty status.

*Corresponding author: Department of Cardiology, Bellvitge University Hospital, Feixa Llarga s/n, 08907 L’Hospitalet de
Llobregat, Barcelona, Spain. E-mail: aariza@bellvitgehospital.cat
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Abbreviations

ACS acute coronary syndromes

LONGEVO-SCA Impacto de la fragiLidad y Otros siNdromes
GEriatricos en el manejo y pronéstico Vital del
ancianO con Sindrome Coronario Agudo sin
elevacion de segmento ST

MNA-SF

NSTEACS

mini nutritional assessment - short form

non-ST-segment elevation acute coronary syndromes

Introduction

Clinical guidelines recommend an invasive strategy in most
patients with non-ST-segment elevation acute coronary syndromes
(NSTEACS). However, these recommendations are based on stud-
ies in which older patients were underrepresented. Although sev-
eral studies suggested a clinical benefit from an invasive strategy
in highly selected elderly patients!, this benefit could be lost in
patients with a high degree of comorbidity>.

Comorbidities and frailty are associated with higher rates of
complications and consumption of healthcare resources®. Several
authors have described a significant association between frailty
and a worse prognosis in patients with ACS*!°. In addition, frail
patients are less often treated with recommended drugs at dis-
charge'®. However, little information exists about the benefit of an
invasive strategy in frail elderly patients with NSTEACS.

The LONGEVO-SCA registry!' (Impacto de la fragilLidad y
Otros siNdromes GEriatricos en el manejo y pronostico Vital del
ancianO con Sindrome Coronario Agudo sin elevacion de seg-
mento ST) is a multicentre study conducted to assess the charac-
teristics of a cohort of unselected elderly patients with NSTEACS.
In this study a comprehensive geriatric assessment was performed
during admission. The main results of the study have already been
reported'”. A complete list of the LONGEVO-SCA registry inves-
tigators can be found in Supplementary Appendix 1. In summary,
an easy assessment of frailty status at baseline predicted six-month
mortality, independently from other important predictors such as
age, Charlson index and GRACE score. The goal of this substudy
was to assess the impact of an invasive strategy on outcomes
according to the degree of frailty in these patients.

Editorial, see page 258

Methods

DESIGN AND STUDY POPULATION

This is a prospective, observational study conducted in 44 Spanish
hospitals. The design has previously been described in detail''.
Briefly, the study included consecutive patients aged >80 years
admitted for NSTEACS, defined as the presence of chest pain and
at least one of the following: a) ECG changes suggestive of myo-
cardial ischaemia, and/or b) elevated markers of myocardial dam-
age. Signed informed consent by the patient or representative in
cases of cognitive impairment was required. Patient refusal to par-
ticipate in the registry and the impossibility of obtaining the geri-
atric tests were considered exclusion criteria. Patients with severe
comorbidities were only excluded if symptoms of myocardial
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ischaemia were clearly triggered only by other conditions such as
acute anaemia, severe decompensated respiratory insufficiency,
active infectious diseases or severe coexisting heart valve disease
(type 2 myocardial infarction).

Decisions on antithrombotic treatment and performance of coro-
nary angiography were left to the discretion of each medical team
according to current recommendations. If coronary angiography was
performed, vascular access, antithrombotic drugs and the choice of

stents or other devices were left to the operator’s decision.

DATA COLLECTION

Data were prospectively collected by local investigators during the
admission, using standardised case report forms. Demographics,
baseline clinical features, electrocardiographic data and
echocardiographic, laboratory and angiographic parameters were
collected. GRACE"® and CRUSADE' risk scores were calculated
for each patient. In-hospital clinical outcomes were also registered,
such as the need for invasive procedures and in-hospital compli-
cations. Major bleeding was defined according to the CRUSADE
definition'. An invasive strategy was defined as the performance

of coronary angiography during the admission.

BASELINE GERIATRIC ASSESSMENT

This was carried out during admission by trained physicians
through interviews with the patient and/or family/caregivers and
referring to the patient’s status prior to admission. In order to
avoid selection bias, investigators were encouraged to include all
patients during the first 72 hours. Geriatric assessment included
frailty’, disability'®!”, cognitive status'®, comorbidity'® and risk of
malnutrition*® (Supplementary Appendix 2).

ENDPOINTS

The primary endpoint of this study was the composite of cardiac
death, reinfarction or need for unplanned coronary revascularisa-
tion at six months of follow-up. The assignment of the cause of
death was based on the clinical judgement of the physician taking
care of the patient at the time of death. Death was deemed cardiac
when it was attributed to myocardial infarction, heart failure or
sudden death. Clinical follow-up was carried out by medical visit,
review of medical history or telephone contact with the patient,
family or referring physician at six months.

ETHICS

All patients or their representatives signed an informed consent
before being recruited for the study. Confidential information con-
cerning the patients was protected according to national stand-
ards. This manuscript was revised for publication by the Clinical
Research Ethics Committee of Bellvitge University Hospital
(IRB00005523).

STATISTICAL ANALYSIS
Continuous variables are described either by the mean and stand-
ard deviation, or by the median and interquartile range when
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appropriate. Categorical variables are expressed as number and
percentage. Baseline characteristics, clinical management and in-
hospital clinical course were compared across groups according to
the performance of an invasive strategy. The association between
categorical variables was analysed with the chi-square test, with
the correction of continuity when indicated. The analysis of quan-
titative variables according to frailty categories was performed
using the Student’s t-test. For non-normally distributed variables
this analysis was performed by Mann-Whitney U test.

The association between an invasive strategy and the primary
endpoint at six months was assessed by a Fine and Gray competing
risks regression model, considering the primary endpoint as depend-
ent variable and non-cardiac death as a competing event. Variables
included in the multivariate analysis were those with an association
(p<0.1) with both the exposition (invasive strategy) and the effect
(the composite of cardiac death, reinfarction or new revascularisa-
tion at six months), and not considered to be an intermediate vari-
able between them. Variables included in the multivariate analysis
are shown in Supplementary Table 1. Additionally, the association
between an invasive strategy and the incidence of the primary end-
point was assessed separately in two groups according to frailty
status (non-frail, n=386, and frail, n=145). Survival analysis was
performed using Kaplan-Meier curves. Statistical significance of
differences was assessed by log-rank test. PASW Statistics, Version
18 (SPSS Inc., Chicago, IL, USA) and Stata v14.1 (StataCorp,
College Station, TX, USA) were used for the analyses.

Results

A total of 531 patients were included. Mean age was 84.3 years, and
61.7% were male. Most patients had a high-risk profile, with a high
proportion of diabetes mellitus, elevated troponin levels, signs of
heart failure on admission, frailty criteria and high mean GRACE
score values (Table 1). Most patients underwent an invasive strategy
during in-hospital stay (407/531, 76.6%). Cardiac catheterisation was
performed by radial access in the majority of patients. Multivessel
disease was found in 53.8% of patients, and revascularisation
was performed in more than 70% of cases, mostly percutaneous.

A complete revascularisation was achieved in 160 patients (58.8%).

CLINICAL CHARACTERISTICS AND IN-HOSPITAL
MANAGEMENT ACCORDING TO THE PERFORMANCE OF AN
INVASIVE STRATEGY

Patients undergoing an invasive strategy were younger, were more
often male and had a lower prevalence of comorbidities. They also
had lower heart rate, lower Killip class at admission and lower
GRACE and CRUSADE score values. Patients undergoing an
invasive strategy also had a lower degree of comorbidity, a bet-
ter functional performance and a lower proportion of cognitive
impairment, nutritional risk and frailty (Table 2).

IN-HOSPITAL OUTCOMES
No significant differences regarding in-hospital clinical course
were observed between the groups, except for a trend towards

Table 1. Baseline clinical characteristics and angiographic data.

Baseline and clinical characteristics (n=531)

Age, yrs (mean, SD) 84.3, 4.0

Male sex, n (%) 322 (62.5)
Hypertension, n (%) 450 (84.7)
Diabetes, n (%) 209 (39.4)
Previous stroke, n (%) 81 (15.3)
Peripheral artery disease, n (%) 71 (13.4)
Previous myocardial infarction, n (%) 184 (34.6)
Previous bleeding, n (%) 32 (6.0)

Systolic blood pressure (mmHg) (mean, SD) 139.4,27.3
Heart rate (beats per minute) (mean, SD) 76.2, 18.2
Killip class on admission >Il, n (%) 147 (27.7)
Positive troponin levels, n (%) 445 (83.8)
Baseline creatinine clearance (ml/min) (mean, SD) 48.3, 19.0
Left ventricle ejection fraction (%) (mean, SD) 53.3,12.2
GRACE score (mean, SD) 165.1, 28.3
CRUSADE score (mean, SD) 41.4,13.0

Angiographic data (n=407)

Radial access site, n (%) 344 (84.5)
Multivessel disease, n (%) 219 (53.8)
Left main disease, n (%) 69 (17.0)
Revasculari- Percutaneous coronary intervention | 272 (66.8)
sation, n (%) Surgery 14 (3.4)
None 121 (29.7)
Number of 1 190 (69.9)
e 2 c3 250
g 14 (5.1)
Complete revascularisation, n (%) 160 (58.8)
Number of 0 9 (3.3)
f]t?r/‘t)s PlEseE | 140 (51.5)
2 60 (22.1)
3 44 (16.2)
>3 19 (7.0)
Type of stent, | Drug-eluting stents 173 (65.8)
ni (%) Bare metal stents 81 (30.8)
Both 9(3.4)
FinaI_TIMI . 0-1 9 (3.4)
flow in culprit 5 12 4.6)
3 240 (92.0)

a higher incidence of atrial fibrillation in patients managed con-
servatively (Table 3). The incidence of major bleeding or worsen-
ing renal function during admission was not significantly different
between the groups.

MANAGEMENT AT HOSPITAL DISCHARGE

Patents managed conservatively were less often treated with clopi-
dogrel and ticagrelor at discharge and less often received dual
antiplatelet or triple antithrombotic therapy. The proportion of



Table 2. Baseline characteristics according to clinical
management.
Invasive |Conservative

strategy | strategy
(n=407) (n=124)
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Table 3. Clinical outcomes according to clinical management
performed.
Invasive |Conservative

strategy | strategy
(n=407) (n=124)

In-hospital outcomes

Age, yrs (mean, SD) 836,38 86.7,4.0 0.001 Major bleeding?, n (%) 30(7.4) 7 (5.6) 0.509
Male sex, n (%) 260 (64.7) 62 (50.0) 0.003 Need for transfusion, n (%) 4.9) 10 (8.1) 0.183
Body mass index (kg/m?) (mean, SD) 26.7,3.8 26.4,3.7 0.253 Reinfarction, n (%) 2.9) 6 (4.8) 0.309
Body surface area (m?) (mean, SD) 1.8,0.2 1.8,0.2 0.173 Atrioventricular block, n (%) 1.5) 0 (0.0) 0.201

Hypertension, n (%) 342 (84.0)| 108 (87.1) | 0.656

Diabetes, n (%) 156 (39.0) 53 (42.7) | 0.457

Atrial fibrillation, n (%) 8.1) 17 (13.7) | 0.062

20 (
12¢(
6 (
Ventricular fibrillation, n (%) 2 (0.5) 0(0.0) 0.587
33(
24 (

Active smoking, n (%) 18 (4.5) 3(2.4) 0.576 Infections, n (%) 5.9) 12 (9.7) 0.143
Previous stroke, n (%) 62 (15.6) 19(15.3 0.856 Delirium, n (%) 26 (6.6) 10 (8.0) 0.566
Peripheral artery disease, n (%) 48 (12.0) 23 (16.5 0.064 Worsening renal function®, n (%) | 107 (26.3)| 27 (21.8) | 0.311

)

)
Previous myocardial infarction, n (%) 129 (32.3) 55 (44.4) 0.014 In-hospital mortality, n (%) 7(1.7) 5 (4.0) 0.123
Previous heart failure, n (%) 57 (14.3) 36 (29.0) 0.001 Hospital stay (days) (median, IQR)| 6, 4-10 6, 4-9 0.997
Previous atrial fibrillation, n (%) 76 (19.00|  27(21.8) | 0.497 Invasive |Conservative
Previous bleeding, n (%) 19(48) | 13(10.5 | 0.020 Outcomes at 6 months strategy | strategy | p-value
Previous neoplasm, n (%) 63(158)| 23(185) | 0.462 (n=390) | (n=116)
Depression, n (%) M1L0| 20061 | 0128 Primary endpoint, n (%) 46 (11.8)| 33(28.4) | 0.001
Number of chronic prescription drugs 76.38 8736 0.006 Cardiac d.eath, n (%) 19 (4.8) 19de.1) | 0.001
(mean, SD) ' ' Reinfarction, n (%) 26 (6.7) 18 (15.5) | 0.002

Systolic blood pressure (mmHg) (mean, SD) | 139.8,27.4 | 138.0,26.9 | 0.428

Repeat revascularisation, n (%) 16 (4.1) 7 (6) 0.347

Heart rate (beats per minute) (mean, SD) 75.0,17.7 80.3,19.5 0.007

All-cause mortality, n (%) 36 (9.2) 27 (22.9) | 0.001

102 (26.0)| 45(36.6) | 0.023
338(83.0)| 107(86.3) | 0.391

Killip class on admission >II, n (%)

Positive troponin levels, n (%)

Haemoglobin level at admission (g/dL) 12819 12217 0.001

(mean, SD)

Baseline creatinine clearance (ml/min) 505, 18.7 102,181 0.001
(mean, SD)

Glucose levels at admission (mg/dL)

(mean, SD) 146.3,64.8 | 171.2,86.4 | 0.005

Left ventricle ejection fraction (%) (mean, SD) | 53.2,12.0 53.7,12.8 0.712
GRACE score (mean, SD) 163.7,27.8 | 170.0,29.9 | 0.032
CRUSADE score (mean, SD) 39.9,12.3 47.0,12.3 0.001

Geriatric syndromes

Barthel index (mean, SD) 91.8,14.7 79.5,26.5 0.001
Lawton Brody index (mean, SD) 59,22 43,29 0.001
Charlson index (mean, SD) 22,18 29,21 0.001
Cognitive impairment, | No 293(72.9) 68 (54.8)

e} Mild 106(264)| 46371 | 0.001

Severe 3(0.7) 10(8.1)

Nutritional risk (MNA-SF), n (%) 203 (50.4)| 74(62.2) | 0.023
Frailty (FRAIL scale), n (%) 95(23.3)| 50(40.3) | 0.001

MNA-SF: mini nutritional assessment - short form test

patients receiving diuretics at discharge was higher in the con-
servative group. In contrast, fewer patients from this group were
treated with statins at hospital discharge (Supplementary Table 2).

POST-DISCHARGE CLINICAL OUTCOMES
Follow-up at six months was obtained in 506/531 patients (95.3%).
A total of 79 (14.9%) patients suffered the primary endpoint at six

2Major bleeding was defined by the CRUSADE definition. ®Worsening renal
function was defined as an increase of >25% of creatinine from baseline
during admission.

months. The occurrence of the primary endpoint was significantly
more common in the non-invasive group (26.6% vs. 11.5%, sub-
hazard ratio [sHR] 2.66, 95% confidence interval [CI]: 1.71-4.13,
p<0.001).

Patients suffering the primary endpoint were significantly older
and had a higher prevalence of diabetes, previous myocardial
infarction, previous heart failure and previous bleeding. These
patients also had poorer Killip class, lower haemoglobin levels,
lower creatinine clearance at admission and poorer left ventricular
ejection fraction. In addition, patients presenting events at six
months had poorer functional and cognitive status, higher degree
of comorbidity and higher prevalence of frailty and risk of malnu-
trition (Supplementary Table 3).

The association between an invasive strategy and the pri-
mary endpoint remained significant after adjusting for potential
confounding factors (sHR 2.32, 95% CI: 1.26-4.29, p=0.007)
(Supplementary Table 1).

INVASIVE STRATEGY AND OUTCOMES ACCORDING TO THE
DEGREE OF FRAILTY

The association between an invasive strategy and the incidence
of the primary endpoint was different according to the degree of
frailty (Figure 1). In non-frail patients, a conservative management
was strongly associated with a higher incidence of the primary
endpoint (sHR 3.85, 95% CI: 2.13-6.95, p=0.001). In contrast, no
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Cardiac mortality, reinfarction or new revascularisation

All patients

o g p-value for
sHR (95% CI) p-value interaction

2.66 (1.71-4.13)  p<0.001

No frailty e 385(213-695)  p<0.001
0.032
Frailty —_— - 1.40 (0.72-2.75) p=0.325
0 025 05 1 2 J 8

Favours conservative Favours invasive

Figure 1. Prognostic effect of an invasive strategy across frailty.

significant association was observed in patients with frailty crite-
ria (sHR 1.40, 95% CI: 0.72-2.75, p=0.325). When the interaction
invasive strategy-frailty was included in the model, the effect of
an invasive strategy varied among frailty status (p-value for inter-
action =0.032). Figure 2 shows the cumulative incidence of car-
diac death, reinfarction or new revascularisation in non-frail (A)
and frail patients (B).

In patients undergoing an invasive management, frailty was
associated with a significantly higher incidence of the primary
endpoint at six months (sHR 2.82, 95% CI: 1.59-5.01, p=0.001).

A 1.0--.? B 197
S 0561 p=0.001 £ 061 p=0.325
E 0.4 é 0.4
E £
© 029 — Invasive strategy < 029 — Invasive strategy
— Conservative strategy — Conservative strategy
0.0 T T T 0.0 T T T
0 60 120 180 0 60 120 180
Patients at risk Days of follow-up Days of follow-up
Conservative 71 58 54 45 47 35 32 32
Invasive 295 281 212 229 98 78 71 60

Figure 2. Cumulative incidence of cardiac death, reinfarction or new
revascularisation according to the performance of an invasive
strategy. A) Non-frail patients. B) Frail patients.

Discussion

The main findings from this study are: a) most of these very
elderly unselected patients with NSTEACS underwent an invasive
strategy during the admission; b) patients undergoing an invasive
strategy were younger, with a lower prevalence of comorbidities,
frailty and disability; c¢) an invasive management was associated
with better outcomes at six months, and this association remained
significant after adjusting for potential confounders; and d) the
association between an invasive approach and outcomes was dif-
ferent according to frailty status.

Few randomised clinical trials have addressed the role of an inva-
sive strategy in elderly patients with NSTEACS, showing conflict-
ing results. The Italian ACS Elderly Trial?' included 313 patients
>75 years of age with NSTEACS, who were randomly allocated
to an early invasive strategy or an initially conservative strategy.

The primary outcome (the composite of death, myocardial infarc-
tion, disabling stroke, and repeat hospital stay for cardiovascular
causes or severe bleeding within one year) occurred in 43 patients
(27.9%) in the invasive group and 55 (34.6%) in the conservative
group (hazard ratio [HR]: 0.80, 95% CI: 0.53 to 1.19; p=0.26).
The rates of mortality, myocardial infarction, and repeat hospital
stay did not differ between groups.

The After Eighty trial' included 457 patients aged >80 years
with NSTEACS from 16 hospitals in Norway. Patients were ran-
domly assigned to an invasive or a conservative strategy. During
a median follow-up of 1.53 years, the primary outcome (a com-
posite of myocardial infarction, need for urgent revascularisation,
stroke, and death) occurred in 93 (40.6%) of 229 patients assigned
to the invasive group and 140 (61.4%) of 228 patients assigned
to the conservative group (HR 0.53, p=0.0001). It is important
to note that patients included in these two studies were highly
selected and had a relatively low prevalence of comorbidities. In
fact, the proportion of eligible patients who were finally included
was low in both trials (48.5% in the Italian Elderly ACS trial and
10.9% in the After Eighty trial).

More recently, the MOSCA trial®> included 106 patients with
NSTEACS aged >70 years with a high degree of comorbidity,
defined as the presence of at least two of the following: peripheral
artery disease, cerebral vascular disease, dementia, chronic pul-
monary disease, chronic renal failure or anaemia. Patients were
randomised to an invasive (routine coronary angiogram) or con-
servative (coronary angiogram only if recurrent ischaemia or heart
failure) strategy. There were no differences between groups in the
rate of all-cause mortality, reinfarction and readmission for car-
diac cause at 2.5-year follow-up. Although the invasive strategy
tended to improve three-month outcomes in terms of mortality and
of mortality or ischaemic events (reinfarction or post-discharge
revascularisation), this benefit declined during follow-up.

In our opinion, these different findings might be related to
a higher degree of comorbidity in the MOSCA trial. A compre-
hensive geriatric assessment might have helped to compare these
different populations in a better way and to assess the relevance of
these results to the general elderly population. During the last dec-
ade the assessment of frailty and other variables related to ageing
has received growing interest. However, no data about these vari-
ables were available in these trials'*?'. Information about the role



of an invasive strategy in elderly patients with NSTEACS accord-
ing to frailty status is scarce.

Data from our study revealed an association between an inva-
sive strategy and better outcomes at six months. This association
remained significant after adjusting for potential confounders. This
is an important issue, since these patients have been systemati-
cally excluded from clinical trials, and current guidelines recom-
mend carefully assessing comorbidities, frailty and life expectancy
before deciding whether to perform an early angiography in this
clinical setting. Interestingly, the prognostic impact of an invasive
strategy was different according to frailty status, with a lack of
association in patients with established frailty. In contrast, a recent
study suggests that PCI can improve outcomes in frail patients
with NSTEACS’. However, this was a smaller size registry which
used different tools for frailty assessment and included only sur-
vivors at discharge.

In our opinion, our results might support the hypothesis that
in elderly patients with a high degree of frailty the benefit of an
invasive strategy might be diluted by the weight of comorbidi-
ties, as observed in the MOSCA trial. In any case, larger stud-
ies and randomised trials of frail patients with NSTEACS* are
mandatory in order to clarify the role of invasive management

in this setting.

Limitations

This study has several limitations. The sample size of subgroups
was moderate (especially the group of patients with frailty) and
the number of events was relatively small. This was an observa-
tional study, so we cannot rule out the presence of selection and
confounding bias. We performed this extensive study collecting
a lot of clinical and geriatric data in order to minimise residual
confounding. However, in the absence of randomised clinical
trials including patients with frailty, this should be considered
a hypothesis-generating study. In addition, a six-month follow-up
may not have been sufficient to detect the impact of an invasive
strategy on outcomes fully.

However, we believe that this study adds novel and interesting
data about the role of an invasive strategy in non-selected very
elderly patients with NSTEACS from routine clinical practice and
its association with the degree of frailty in this clinical setting.
Refining the risk stratification of these patients could be crucial to
improving their quality of life and outcomes, thus potentially con-
tributing to a more rational management of healthcare resources.

Conclusions

An invasive strategy during admission was widely used in this
cohort of very elderly unselected patients with NSTEACS.
Patients undergoing an invasive strategy were younger, with
a lower prevalence of comorbidities, frailty, cognitive impair-
ment and disability. The association between an invasive
approach and better outcomes at six months was independent
from other important predictors for prognosis, and was different
according to frailty status.

Invasive strategy and frailty in ACS

Impact on daily practice

Little information exists about the benefit of an invasive strat-
egy in frail elderly patients with NSTEACS. An invasive strat-
egy was independently associated with better outcomes in very
elderly patients with NSTEACS. This association was different
according to frailty status. An invasive management seems to
be useful in non-selected very elderly patients with NSTEACS.
Frailty should be assessed in these patients in order to optimise

their clinical outcomes.

Funding
The LONGEVO-SCA project has received a research grant from
the Spanish Society of Cardiology.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Tegn N, Abdelnoor M, Aaberge L, Endresen K, Smith P,
Aakhus S, Gjertsen E, Dahl-Hofseth O, Ranhoff AH, Gullestad L,
Bendz B; After Eighty study investigators. Invasive versus conserva-
tive strategy in patients aged 80 years or older with non-ST-elevation
myocardial infarction or unstable angina pectoris (After Eighty study):
an open-label randomised controlled trial. Lancet. 2016;387:1057-65.

2. Sanchis J, Nufiez E, Barrabés JA, Marin F, Consuegra-
Sanchez L, Ventura S, Valero E, Roqué M, Bayés-Genis A, Del
Blanco BG, Dégano I, Nufiez J. Randomized comparison between
the invasive and conservative strategies in comorbid elderly patients
with non-ST elevation myocardial infarction. Eur J Intern Med.
2016;35:89-94.

3. Khandelwal D, Goel A, Kumar U, Gulati V, Narang R,
Dey AB. Frailty is associated with longer hospital stay and increased
mortality in hospitalized older patients. J Nutr Health Aging.
2012;16:732-5.

4. Ekerstad N, Swahn E, Janzon M, Alfredsson J, Lofmark R,
Lindenberger M, Carlsson P. Frailty is independently associated
with short-term outcomes for elderly patients with non-ST-segment
elevation myocardial infarction. Circulation. 2011;124:2397-404.

5. Graham MM, Galbraith PD, O’Neill D, Rolfson DB,
Dando C, Norris CM. Frailty and outcome in elderly patients with
acute coronary syndrome. Can J Cardiol. 2013;29:1610-5.

6. Alonso Salinas GL, Sanmartin Fernandez M, Pascual Izco M,
Martin Asenjo R, Recio-Mayoral A, Salvador Ramos L, Marzal
Martin D, Camino Loépez A, Jiménez Mena M, Zamorano
Goémez JL. Frailty is a short-term prognostic marker in acute coro-
nary syndrome of elderly patients. Eur Heart J Acute Cardiovasc
Care. 2016;5:434-40.

7. Nufiez J, Ruiz V, Bonanad C, Minana G, Garcia-Blas S,
Valero E, Nuifiez E, Sanchis J. Percutaneous coronary intervention
and recurrent hospitalizations in elderly patients with non ST-segment
acute coronary syndrome: The role of frailty. Int J Cardiol. 2017;228:
456-8.

Zv€2-9€€2:¢1'8T10¢ UonuaAiaiong W



m
=
=
=
=
=3
(1]
=
<
(1
=
=
o
=
N
o
=
&
i
&
o
w
w
&
()
w
H
N

8. Blanco S, Ferricres J, Bongard V, Toulza O, Sebai F, Billet S,
Biendel C, Lairez O, Lhermusier T, Boudou N, Campelo-Parada F,
Roncalli J, Galinier M, Carri¢ D, Elbaz M, Bouisset F. Prognosis
Impact of Frailty Assessed by the Edmonton Frail Scale in the
Setting of Acute Coronary Syndrome in the Elderly. Can J Cardiol.
2017;33:933-9.

9. Sanchis J,RuizV, Bonanad C, Valero E, Ruescas-Nicolau MA,
Ezzatvar Y, Sastre C, Garcia-Blas S, Mollar A, Bertomeu-
Gonzélez V, Mifana G, Nuifiez J. Prognostic Value of Geriatric
Conditions Beyond Age After Acute Coronary Syndrome. Mayo
Clin Proc. 2017;92:934-9.

10. Alonso Salinas GL, Sanmartin M, Pascual Izco M,
Rincon LM, Pastor Pueyo P, Marco Del Castillo A, Garcia
Guerrero A, Caravaca Perez P, Recio-Mayoral A, Camino A,
Jimenez-Mena M, Zamorano JL. Frailty is an independent prognos-
tic marker in elderly patients with myocardial infarction. Clin
Cardiol. 2017;40:925-31.

11. Alegre O, Ariza-Solé¢ A, Vidan MT, Formiga F, Martinez-
Sellés M, Bueno H, Sanchis J, Lépez-Palop R, Abu-Assi E, Cequier A.
Impact of Frailty and Other Geriatric Syndromes on Clinical
Management and Outcomes in Elderly Patients With Non-ST-
Segment Elevation Acute Coronary Syndromes: Rationale and Design
of the LONGEVO-SCA Registry. Clin Cardiol. 2016;39:373-7.

12. Alegre O, Formiga F, Lopez-Palop R, Marin F, Vidan MT,
Martinez-Sellés M, Carol A, Sionis A, Diez-Villanueva P, Aboal J,
Palau-Vendrel A, Bueno H, Rivera AP, Sanchis J, Abu-Assi E,
Corbi M, Castillo JC, Baieras J, Gonzalez-Salvado V, Cequier A,
Ariza-Solé A; LONGEVO-SCA registry investigators. An Easy
Assessment of Frailty at Baseline Independently Predicts Prognosis
in Very Elderly Patients With Acute Coronary Syndromes. J Am
Med Dir Assoc. 2018;19:296-303.

13. Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA,
Van de Werf F, Avezum A, Goodman SG, Flather MD, Anderson FA
Jr, Granger CB. Prediction of risk of death and myocardial infarc-
tion in the six months after presentation with acute coronary syn-
drome: prospective multinational observational study (GRACE). BMJ.
2006;333:1091.

14. Subherwal S, Bach RG, Chen AY, Gage BF, Rao SV,
Newby LK, Wang TY, Gibler WB, Ohman EM, Roe MT, Pollack
CV UJr, Peterson ED, Alexander KP. Baseline risk of major bleeding
in non-ST-segment-elevation myocardial infarction: the CRUSADE
(Can Rapid risk stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of the ACC/AHA
Guidelines) Bleeding Score. Circulation. 2009;119:1873-82.

15. Abellan van Kan G, Rolland YM, Morley JE, Vellas B.
Frailty: toward a clinical definition. J Am Med Dir Assoc. 2008;
9:71-2.

16. Mahoney FI, Barthel DW. Functional evaluation: the Barthel
Index. Md State Med J. 1965;14:61-5.

17. Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist. 1969;9:179-86.

18. Pfeiffer E. A short portable mental status questionnaire for the
assessment of organic brain deficit in elderly patients. J Am Geriatr
Soc. 1975;23:433-41.

19. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis. 1987;40:373-83.

20. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B.
Screening for undernutrition in geriatric practice: developing the
short-form mini-nutritional assessment (MNA-SF). J Gerontol
A Biol Sci Med Sci. 2001;56:M366-72.

21. Savonitto S, Cavallini C, Petronio AS, Murena E,
Antonicelli R, Sacco A, Steffenino G, Bonechi F, Mossuti E,
Manari A, Tolaro S, Toso A, Daniotti A, Piscione F, Morici N,
Cesana BM, Jori MC, De Servi S; Italian Elderly ACS Trial
Investigators. Early aggressive versus initially conservative treat-
ment in elderly patients with non-ST-segment elevation acute coro-
nary syndrome: a randomized controlled trial. JACC Cardiovasc
Interv. 2012;5:906-16.

22. Sanchis J, Ariza-Solé A, Abu-Assi E, Alegre O, Alfonso F,
Barrabés JA, Baz JA, Carol A, Diez Villanueva P, Garcia del
Blanco B, Elizaga J, Fernandez E, Garcia del Egido A, Garcia
Picard J, Gomez Blazquez I, Gémez Hospital JA, Hernandez-
Antolin R, Llibre C, Marin F, Marti Sanchez D, Martin R, Martinez
Sellés M, Mifana G, Morales Gallardo MJ, Nufiez J, Pérez de
Prado A, Pinar E, Sanmartin M, Sionis A, Villa A, Marrugat J,
Bueno H. Invasive Versus Conservative Strategy in Frail Patients
With NSTEMI: The MOSCA-FRAIL Clinical Trial Study Design.
[Article in English, Spanish]. Rev Esp Cardiol (Engl Ed). 2018 Mar
7. [Epub ahead of print].

Supplementary data

Supplementary Appendix 1. LONGEVO-SCAregistry investigators.
Supplementary Appendix 2. Baseline geriatric assessment.
Supplementary Table 1. Association between conservative strat-
egy and primary endpoint at 6 months (multivariate analysis).
Supplementary Table 2. Management at hospital discharge.
Supplementary Table 3. Baseline characteristics according to the
occurrence of the primary endpoint.

The supplementary data are published online at:
http.//www.pcronline.com/

eurointervention/136th_issue/59




Supplementary data

Supplementary Appendix 1. LONGEVO-SCA registry investigators.

Oriol Alegre!, Albert Ariza-Solé?, Jordi Bafieras?, Agnés Rafecas?, Cinta Llibre?,
Miquel Vives®*, Alessandro Sionis?*, Jaime Aboal®, Pau Vilardell®, Alfredo Bardaji®,
Carlos Tomas’, Oscar Macho®, Manuel Peraire®, Ana Lacal®, Anna Palau-Vendrell®,
Vanessa Martinez-Garcia'!, Ntria Coma!, Antoni Carol*?, Marta Camprecids??,
Marian Villarino®, Susana Herranz*3, Sergi Yun'*, Maria Orriols®®, Josep M2 Viguer?®,
Juan Carlos Castillo’, Victor Becerral8, Pilar Cardila®, Miguel Corbi®®, Javier L6pez
Diaz?°, Héctor Garcia-Pardo?, Jose Angel Perez-Rivera®’, Ana Merino Merino?,
Francisco Martin-Herrero?3, Maria Isabel Garcimartin?*, Juan Sanchis®, Clara
Bonanad?®, Oscar Fabregat®®, Victo Pérez-Rosell6?’, Ramon Lopez-Palop?®, Miguel
Rodriguez-Santamarta®®, Violeta Gonzalez-Salvado®, Bernardo Garcia de la Villa®,
Luis Asmarats®?, Jaume Maristany®?, Joan Torres®, Marta Gomez-Llorente3*, Martin
JesUs Garcia-Gonzalez®, Raquel Pimienta®®, Ana Viana-Tejedor®’, lvan Nufiez-Gil*’,
Juan Ruiz-Garcia®®, Alejandro Cortés Beringola®®, Héctor Bueno®®, Manuel Martinez-
Sellés*®, Maria T Vidan®°, Pablo Diez-Villanueva*, Francisco Marin*?, Aitziber
Munarriz*, Nahikari Salterain*
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12. Hospital Moises Broggi. Sant Joan Despi. Barcelona

13. Hospital Parc Tauli. Sabadell. Barcelona

14. Mutua de Terrassa. Terrassa. Barcelona

15. Hospital de I’ Alt Penedes. Vilafranca del Penedes. Barcelona
16. Consorci Sanitari de Terrassa. Terrassa. Barcelona.

17. Hospital Reina Sofia. Cordoba.

18. Hospital Virgen de la Victoria. Méalaga.

19. Hospital General de Albacete.

20. Hospital Clinico. Valladolid.

21. Hospital Santos Reyes. Aranda de Duero.

22. Hospital Universitario de Burgos.

23. Hospital Clinico de Salamanca

24. Hospital Medina del Campo

25. Hospital Clinico de Valencia

26. Hospital General de Valencia

27. Hospital La Fe. Valencia

28. Hospital San Juan. Alicante

29. Complejo Asistencial Universitario de Leon

30. Complejo Hospitalario Universitario de Santiago de Compostela.
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41.
42.
43.
44,

Hospital de Manacor

Hospital Son Espases. Palma de Mallorca

Hospital Son Llatzer. Palma de Mallorca

Hospital San Pedro. Logrofio

Hospital Universitario de Canarias. Tenerife
Hospital Nuestra Sefiora de la Candelaria. Tenerife
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Supplementary Appendix 2. Baseline geriatric assessment.

It was done during admission by trained physicians through interviews with the patient
and/or family/caregivers and referring to the patient’s status prior to admission. In order
to avoid selection bias, investigators were encouraged to include all patients during the
first 72 hours.

Previous frailty was assessed by the FRAIL scale. This is a simple, interview-
based tool which evaluates 5 items (fatigue, resistance, ambulation, concomitant
diseases and weight loss). Pre-frailty is defined as the presence of one or two
criteria and frailty as the presence of three or more criteria. For the purpose of
this study pre-frail patients were considered non-frail.

The functional capacity for basic activities of daily living was assessed by the
Barthel Index (BI). Instrumental activities were evaluated with the Lawton-
Brody Index (IL).

Cognitive status was evaluated with the Pfeiffer test.

Comorbidity was evaluated with the Charlson index with a maximum score of
37 points.

The nutritional risk assessment was carried out with the Mini Nutritional
Assessment-Short Form (MNA-SF) whose value ranges from 0 to 14 points.
Scores below 11 identify patients at risk of malnutrition.



Supplementary Table 1. Association between conservative strategy and primary

endpoint at 6 months (multivariate analysis).

Sub-hazard ratio (95% CI) p-value
Conservative management 2.32 (1.26-4.29) 0.007
Age (per year) 1.01 (0.92-1.10) 0.890
Male sex 0.38 (0.16-0.93) 0.034
Previous myocardial infarction 1.57 (0.83-2.93) 0.161
Previous heart failure 1.33 (0.65-2.73) 0.440
Previous bleeding 0.76 (0.29-1-95) 0.562
Number of chronic prescription drugs 1.10 (0.99-1.24) 0.066
Killip class >2 0.73 (0.34-1-56) 0.415
Haemoglobin level at admission 0..83 (0.67-1.02) 0.069
Creatinine clearance 0.99 (0.97-1.01) 0.415
Glucose on admission 1.01 (0.99-1.01) 0.172
GRACE score 1.01 (1.00-1.02) 0.131
CRUSADE score 0.97 (0.91-1.02) 0.254
Barthel Index 1.01 (0.99-1.03) 0.481
Lawton Brody Index 0.94 (0.78-1.13) 0.511
Charlson Index 1.14 (0.98-1.32) 0.088
Cognitive impairment 0.91 (0.78-1.05) 0.190
Nutritional risk (MNA-SF?) 0.95 (0.81-1.10) 0.468
Frailty (FRAIL scale) 1.25 (0.95-1.63) 0.106

a) Mini nutritional assessment-short form test.

Variables included in the multivariate analysis were age, sex, previous myocardial
infarction, previous heart failure, previous bleeding, number of chronic prescription
drugs, Killip class, haemoglobin level at admission, creatinine clearance, glucose level
at admission, GRACE and CRUSADE scores, Barthel Index, Lawton-Brody Index,
Charlson Index, cognitive impairment, nutritional risk (as defined by MNA-SF test) and
frailty.



Supplementary Table 2. Management at hospital discharge.

Invasive strategy

Conservative strategy

(n=407) (n=124) p-value
Aspirin, n (%) 363 (89.2) 103 (83.1) 0.068
Clopidogrel, n (%) 269 (66.1) 66 (53.2) 0.009
Prasugrel, n (%) 1(0.3) 0 (0.0) 0.766
Ticagrelor, n (%) 60 (14.7) 4(3.2 0.001
Rivaroxaban, n (%) 7(1.7) 2 (1.6) 0.647
Dabigatran, n (%) 5(1.2) 1(0.8) 0.573
Apixaban, n (%) 10 (2.5) 2 (1.6) 0.442
Warfarin, n (%) 1(0.3) 2 (1.6) 0.138
Acenocumarol, n (%) 50 (12.3) 13 (10.5) 0.587
Dual antiplatelet therapy, n (%) | 275 (67.6) 61 (49.2) 0.001
Triple therapy, n (%) 44 (10.8) 4(3.2) 0.007
Beta-blockers, n (%) 294 (72.2) 81 (65.3) 0.139
Diuretics, n (%) 157 (38.6) 65 (52.4) 0.006
ACE inhibitors, n (%) 196 (48.2) 52 (41.9) 0.224
Statins, n (%) 370 (90.9) 100 (80.7) 0.002
Proton pump inhibitors, n (%) 346 (85.0) 97 (78.2) 0.075




Supplementary Table 3. Baseline characteristics according to the occurrence of the

primary endpoint.

Events No events p-value

(n=79) (n=427)
Age (years) (mean, SD) 85.4,4.1 84.1,4.0 0.008
Male sex, n (%) 40 (51.9) 270 (63.1) 0.065
Body mass index (kg/m?) (mean, SD) 26.1,4.1 26.8, 3.7 0.121
Body surface area (m?) (mean, SD) 1.7,0.2 1.8,0.2 0.033
Hypertension, n (%) 67 (88.1) 366 (85.7) 0.571
Diabetes, n (%) 45 (59.2) 155 (36.3) 0.001
Active smoking, n (%) 3(3.9 17 (4.0) 0.923
Previous stroke, n (%) 16 (19.7) 64 (15.0) 0.501
Peripheral artery disease, n (%) 13 (17.1) 55 (12.9) 0.321
Previous myocardial infarction, n (%) 41 (53.2) 138 (32.3) 0.001
Previous heart failure, n (%) 31 (40.2) 58 (13.6) 0.001
Previous atrial fibrillation 11 (13.9) 89 (20.8) 0.201
Previous bleeding, n (%) 9(11.4) 22 (5.2) 0.025
Previous neoplasm, n (%) 11 (13.9) 72 (16.9) 0.605
Depression, n (%) 13 (16.5) 49 (11.5) 0.169
Number of chronic prescription drugs (mean, SD) 10.2,3.9 75,36 0.001
Killip class on admission >=Il, n (%) 31(39.2) 113 (26.4) 0.009
Positive troponin levels, n (%) 65 (82.3) 361 (84.5) 0.744
Haemoglobin level at admission (g/dL) (mean, SD) 119,17 12.8,1.9 0.001
Baseline creatinine clearance (ml/min) (mean, SD) 41.7,19.4 49.3,18.8 0.002
Left ventricle ejection fraction (%) (mean, SD) 49.4,13.9 53.9,11.8 0.004
GRACE score (mean, SD) 173.8, 33.7 163.7,24.1 0.007
CRUSADE score (mean, SD) 47.8,10.3 40.3,12.6 0.001
Geriatric syndromes
Barthel Index (mean, SD) 78.9,24.1 90.4,17.6 0.001
Lawton Brody Index (mean, SD) 42,28 5.7,23 0.001
Charlson Index (mean, SD) 38,22 21,16 0.001
Cognitive impairment, n (%) 0.049
-No 46 (58.2) 300 (70.3)
-Mild 29 (36.7) 118 (27.6)
-Severe 4(5.1) 9(2.1)
Nutritional risk (MNA-SF%), n (%) 58 (73.4) 212 (49.6) 0.001
Frailty (FRAIL scale), n (%) 35 (45.4) 106 (24.8) 0.001

a) Mini nutritional assessment-short form test.




