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Frailty status is linked with a poorer clinical outcome, and patients with frailty are often
less revascularized, even with percutaneous coronary intervention (PCI). We therefore
sought to assess the impact of frailty on the clinical outcome of older patients with non-ST
elevation acute myocardial infarction (NSTEMI) who underwent PCI. We prospectively
enrolled 141 consecutive older patients (>75 years) admitted for NSTEMI; 104 patients
underwent PCI (35 with frailty, 69 without frailty), and 37 were not revascularized (22
with frailty, 15 without). Patients with frailty were older, less frequently male, more
affected by dementia and severe left ventricular dysfunction, and less treated with PCI;
patients treated with PCI were younger and less affected by dementia. Thirty-day mortal-
ity rates were proportionally higher, from 3% in patients without frailty treated with PCI,
to 7% in patients without frailty not treated with PCI, 17% in patients with frailty treated
with PCI, and 48% in patients with frailty not treated with PCI (p <0.05). Similarly, 6-
month mortality rates were proportionally higher (12%, 29%, 37%, and 71%). At multi-
variable analysis, frail status was associated to a sixfold increased risk of mortality at 30
days; at 6 months, frail status was associated to a 3.4-fold risk of death (p <0.01), but PCI
was also associated to a lower risk of mortality (odds ratio 0.2, p <0.01). In an observa-
tional study in older patients with NSTEMI, frail status is associated to a poorer outcome,
whereas PCI is associated to a better long-term outcome. A careful selection of patient
suitable for revascularization by PCI may be useful in improving outcomes of older
patients with frailty with NSTEMI. © 2024 Elsevier Inc. All rights are reserved, includ-
ing those for text and data mining, AI training, and similar technologies. (Am J Cardiol
2024;230:41−46)
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In the last decades, the proportion of older patients pre-
senting with acute coronary syndrome (ACS) has
increased.1 Despite a high ischemic risk, these patients
carry an equally serious risk of short- and long-term com-
plications; therefore, invasive strategy and percutaneous
coronary intervention (PCI) are often avoided.2 Given older
patients are underrepresented in clinical trials,1,3 the opti-
mal subgroup of patients who may benefit from PCI
remains a matter of debate.4 According to current guide-
lines, in older patients with ACS, the risk/benefit ratio of
PCI should be carefully evaluated, considering co-
morbidity, ischemic versus bleeding risk, frailty and life
expectancy.2

Frailty is an increasingly common geriatric condition
characterized by great susceptibility to stress and decreased
functional reserves, with consequent poor autonomy.5 This
condition is associated with great risk of death, hospitaliza-
tion, cognitive impairment, falls, and disability.5 Because a
negative impact of frailty on the outcomes of older patients
with ACS has been found, frailty has been proposed as a
tool for the decision to refer or not to perform PCI in older
patients with non-ST elevation myocardial infarction
(NSTEMI).6−8 There is contrasting evidence on the impact
of frailty on the outcomes of patients with ACS who
undergo PCI; that may depend on the use of different defini-
tions of frailty used, the inclusion of patients not affected by
ACS but who have type 2 myocardial infarction, and the
impact of co-morbidities. Moreover, several studies investi-
gating the impact of frailty in ACS do not specifically
address the population who undergo coronary revasculari-
zation. Data concerning the impact of PCI in older patients
with frailty are also conflicting.

We therefore aimed to evaluate the impact of frailty on
mortality in older patients with NSTEMI who undergo PCI
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and the impact of PCI in older patients with frailty and with
NSTEMI.
Methods

We prospectively enrolled patients with NSTEMI,
GRACE score >140, age >75 years, and hospitalized in the
Cardiac Care Unit of the Policlinico Riuniti University Hos-
pital from October 1, 2022 to August 28, 2023. At admis-
sion, frailty was assessed by Clinical Frailty Scale (CFS).
The level of frailty was confirmed by the relatives of the
patients. For each patient, data on age, risk factors, frailty
status, co-morbidity (dementia, anemia, diabetes mellitus,
chronic kidney disease, chronic obstructive pulmonary dis-
ease), biology, echocardiography, drug therapy, and out-
come (in-hospital, 30-day, and 6-month mortality) were
collected. We excluded patients not able to sign the
informed consent, patients with a final diagnosis of type 2
myocardial infarction, and patients treated conservatively
because of a poor clinical status (e.g., cachexia) or scarce
life expectancy (assessed independently by 5 cardiologists,
or by the majority in 5 cardiologists in case of disagree-
ment). CFS aims to gain information about the level of
autonomy of the patient on the basis of a few simple ques-
tions.9 The scoring scale goes from 1 to 9. Patients with
frailty are defined by a score >4. Patients with score 4 are
considered prefrail or patients with vulnerability, whereas
scores 1 to 3 distinguish patients without frailty. Mortality
was assessed by our regional administrative dataset.

All patients provided informed consent before the enroll-
ment. Our observational study was approved by the ethics
committee of Policlinico Riuniti University Hospital,
according to ethical standards established by the Declara-
tion of Helsinki.

Continuous and discrete variables were reported as mean
with SD and proportions, respectively; continuous variables
were compared by Student t test, dichotomic by chi-square
test. Differences among multiple groups were tested with
analysis of variance.

Multivariable forward stepwise logistic regression analy-
sis, including only variables significant at univariable anal-
ysis, was used to calculate the odds ratio, with 95%
confidence intervals and predictors of mortality. A p <0.05
was considered statistically significant.

We planned a study in independent groups (older
patients with NSTEMI treated with PCI or not) with 1:1 siz-
ing. Previous data indicate that the 6-month death rate in
such patients may reach 30%.10 If the true relative mortality
risk may be reduced with an odds ratio of 0.30, we would
need to study 55 experimental subjects and 55 control sub-
jects to be able to reject the null hypothesis that this relative
risk equals 1 with probability (power) 0.8 and a type I error
probability associated with this test of this null hypothesis
of 0.05.
Results

We enrolled 141 consecutive older patients with
NSTEMI; of these, 104 patients underwent PCI, 35 with
frailty and 69 without frailty; 22 patients with frailty and 15
without frailty were not treated with PCI. Baseline
characteristics are listed in Table 1. Patients with frailty
were older (84 § 5 vs 82 § 5 years, p = 0.003), less likely
to be male (47% vs 67%, p = 0.0222), more frequently
affected by dementia (21% vs 2%, p = 0.0002) and severe
left ventricular dysfunction (47% vs 30%, p = 0.0336), and
less likely to be treated with PCI (61% vs 82%,
p = 0.0058); N-terminal pro b-type natriuretic peptide (NT-
proBNP) levels were higher (21,981 § 30,963 vs 10,016 §
28,970 pg/ml, p = 0.0220). Patients treated with PCI were
younger (82 § 5 vs 84 § 6 years, p = 0.0297), less affected
by dementia (7% vs 19%, p = 0.3334), and showed lower
levels of NT-proBNP (8,270 § 10,370 vs 33,576 § 52,799
pg/ml, p <0.0001) and cardiac troponin I (5,226 § 7,387 vs
8,433 § 8,542 ng/L, p = 0.0313).

Thirty-day mortality rates were proportionally higher,
from 3% in patients without frailty treated with PCI to 7%
in patients without frailty not treated with PCI, to 17% in
patients with frailty treated with PCI to 48% in patients
with frailty not treated with PCI (p for trend <0.05) (Figure
1). Similarly, 6-month mortality rates were proportionally
higher, from 12% in patients without frailty treated with
PCI to 29% in patients without frailty not treated with PCI
to 37% in patients with frailty treated with PCI to 71% in
patients with frailty not treated with PCI (p for trend
<0.05).

Variables significantly associated to 30-day mortality
were frail status, dementia, cardiac troponin I, and NT-
proBNP levels, and lower hemoglobin levels versus use of
angiotensin converting enzyme inhibitors/angiotensin
receptor antagonists, statins, and PCI (Table 2). At multi-
variable stepwise forward logistic regression analysis
including such factors significant at univariable analysis,
frail status was associated to a sixfold increased risk of mor-
tality at 30 days (odds ratio [OR] 6, 95% confidence interval
[CI] 1.4 to 25.9, p <0.05) (Table 3). At 6 months, frail sta-
tus was associated to a 3.4-fold risk of death (OR 3.4, 95%
CI 1.4 to 8.7, p <0.01), but PCI was also associated to a
smaller risk of mortality (OR 0.2, 95% CI 0.1 to 0.7, p
<0.01) (Table 4).
Discussion

In this observational study, we show 2 main findings: (1)
frail status is associated to a poorer outcome in older sub-
jects with NSTEMI; (2) PCI, in a nonrandomized study, is
associated to a better long-term outcome, whereas in-hospi-
tal benefit of PCI is less evident.

Several studies investigated the impact of frailty on out-
comes of ACS in older patients but without considering
strictly the subgroup of patients who underwent PCI.
According to the results of LONGEVO-SCA (Impacto de
la fragiLidad y Otros s�ıNdromes GEri�atricos en el manejo y
pron�ostico Vital del ancianO con S�ındrome Coronario
Agudo sin elevaci�on de segmento ST) registry in unselected
older patients aged ≥80 years with non-ST elevation-ACS,
only in approximately 2/3 of cases treated by PCI was
frailty assessed by the Frail Scale, a tool similar to CFS, a
predictor of 6-month mortality.11 According to a recent
meta-analysis, frailty was associated with in-hospital,
short-term, and long-term mortality in patients who under-
went PCI. However, the analysis encompassed studies with

www.ajconline.org


Table 1

General characteristics of the population enrolled in the study

no frail - pci no frail - no pci frail - pci frail - no pci

N=69 N=15 N=35 N=22 frail vs no pci vs no

Mean SD Mean SD Mean SD Mean SD p p

age 82 5 82 5 83 5 86 6 0.0030 0.0297

male 68% 60% 49% 45% 0.0222 0.2828

BMI 27 3 25 2 27 4 25 4 0.8177 0.0932

hypertension 88% 93% 91% 100% 0.2581 0.1424

dyslipidemia 81% 87% 80% 68% 0.3373 0.5138

smoke 30% 33% 23% 18% 0.1962 0.6777

GFR 51 31 46 33 42 25 40 22 0.0648 0.2830

NTproBNP 6354 7993 26377 64834 11938 13204 38718 43236 0.0220 0.0000

cTnI 5042 7130 5950 6996 5589 7964 10125 9221 0.1110 0.0313

Hb 11,9 2,3 11,0 2,7 11,0 2,1 10,9 2,6 0.0545 0.1223

previous revascularization 43% 53% 46% 27% 0.4374 0.5029

dementia 3% 0% 14% 32% 0.0002 0.0334

cancer 14% 27% 11% 18% 0.6752 0.2432

anemia 48% 60% 57% 73% 0.1248 0.0821

COPD 14% 27% 26% 32% 0.1059 0.1456

diabetes 39% 73% 54% 45% 0.5140 0.1927

severe LV dysfunction 33% 13% 49% 45% 0.0336 0.5173

ACEi/ARB 81% 47% 54% 32% 0.0004 0.0002

beta-blockers 74% 87% 80% 68% 0.9502 0.9950

statins 91% 80% 91% 77% 0.5732 0.0399

MRA 43% 47% 63% 45% 0.1396 0.7119

DOACs 19% 33% 17% 18% 0.5505 0.4469

warfarin 3% 13% 3% 9% 0.9066 0.0593

DAPT 96% 20% 89% 18% 0.0066 0.0000

in-hospital mortality 3% 7% 14% 18% 0.0105 0.2069

30-day mortality 3% 7% 17% 48% 0.0000 0.0005

30-day bleeding 9% 29% 18% 11% 0.6203 0.3260

ACEi/ARB = angiotensin converting enzyme inhibitors, angiotensin receptor antagonists; BMI = body mass index; COPD = chronic obstructive pulmo-

nary disease; cTn-I = cardiac troponin I; DAPT = dual antiplatelet therapy; DOAC = direct oral anticoagulant; GFR = glomerular filtration rate;

Hb = hemoglobin; LV = left ventricular; MRA = mineralocorticoid receptor antagonists; NT-proBNP = N-terminal pro b-type natriuretic peptide;

PCI = percutaneous coronary intervention.
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6 different frailty assessments. Moreover, the analysis
included a great proportion of patients with stable coronary
artery disease.12 Similarly, Murali-Krishnan et al13 showed
that frailty assessed by CFS was independently associated
with in-hospital and 1-year mortality after PCI but includ-
ing patients hospitalized for both stable coronary artery and
ACS. Recently, some authors showed that frailty, assessed
by CFS, was a predictor of bleeding and major adverse car-
diac events at a long-term follow-up in patients who under-
went PCI but with stable coronary artery disease.14 The
findings of our study confirm the negative impact of frailty
on the mortality of older patients with NSTEMI who
undergo PCI. Regarding the impact of PCI on patients with
frailty, there are conflicting data. According to the results
of the LONGEVO-SCA Registry, an invasive approach
(only approximately 2/3 of patients had undergone PCI
after coronary angiography) did not show a positive impact
on mortality.11 The MOSCA trial aimed to assess the effect
of an invasive strategy versus a conservative strategy in
older adults with frailty. The study concluded there was a
lack of benefit in an invasive strategy in terms of days alive
and out of hospital, and a composite end point (cardiac
death, reinfarction, and revascularization after discharge)15

In contrast, in a large retrospective study, frailty assessed
by a claims-based frailty index (CFI) was associated with
greater mortality, but in patients with frailty, PCI reduced
in-hospital mortality in comparison with a conservative
approach in patients with acute myocardial infarction.16

CFI, even if a validated tool for the assessment of frailty, is
phenotype-based and based only on administrative claims,
without physical performance measures.17 A small prospec-
tive study evaluated the impact of PCI in older patients
with frailty with NSTEMI in terms of hospitalizations. The
authors concluded there was a positive effect of PCI on
readmissions but not on mortality.18 This study was con-
ducted between 2010 and 2012, and the impact of new strat-
egies and devices could be missed (e.g., drug-coated
balloon, new generation drug-eluting stents).

For the evaluation of the impact of frailty, we included
only older patients with frailty who underwent PCI for 2
main reasons. First, by selecting this population, we
excluded patients with NSTEMI, poor life expectancy, and
quality of life, patients with the greatest risk of death and
procedural complications who usually are not eligible for
invasive procedures. Moreover, we reduced the probability
to include patients with type 2 myocardial infarction
(T2MI). In fact, this subgroup of patients often encom-
passes older patients and those with evidence of acute myo-
cardial injury. An appropriate differential diagnosis
between NSTEMI and T2MI is sometimes arduous, and the



Figure 1. Mortality rates according to frail status and coronary angioplasty (PCI) during hospitalization, at 30 days and 6 months (analysis of variance p

<0.05).

Table 2

Significant differences comparing patients dead at 30 days

N=19 N=122

Dead Mean Std.Dev. Alive Mean Std.Dev. p

ACEi/ARB 11% 71% 0.0000

Frail 84% 33% 0.0000

PCI 42% 79% 0.0005

Dementia 32% 7% 0.0007

cTn-I 11291 10078 5229 7128 0.0015

Severe LV dysfunction 68% 33% 0.0024

Statins 68% 91% 0.0057

Hemoglobin 10.1 1.9 11.6 2.40 0.0116

NT-proBNP 28371 36951 12944 29000 0.0450

ACEi/ARB = angiotensin converting enzyme inhibitors angiotensin receptor antagonists; cTn-I = cardiac troponin I; LV = left ventricular; NT-

proBNP = N-terminal pro b-type natriuretic peptide; PCI = percutaneous coronary intervention.

Table 3

Multivariable forward stepwise logistic regression analysis: significant

predictors of 30-day mortality

OR 95% C.I. p

ACEi/ARB 0.076 0.015 0.386 0.002

Frail 6.064 1.421 25.873 0.015

cTn-I 1.000 1.000 1.000 0.022

ACEi/ARB = angiotensin converting enzyme inhibitors angiotensin

receptor antagonists; cTn-I = cardiac troponin I; LV = left ventricular.

Table 4

Multivariable forward stepwise logistic regression analysis: significant

predictors of 6-month mortality

OR 95% C.I. p

ACEi/ARB 0.352 0.138 0.900 0.029

Frail 3.450 1.362 8.742 0.009

PCI 0.225 0.074 0.690 0.009

Severe LV dysfunction 4.651 1.671 12.947 0.003

ACEi/ARB = angiotensin converting enzyme inhibitors angiotensin

receptor antagonists; LV = left ventricular; PCI = percutaneous coronary

intervention.
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impact of PCI on T2MI is not so clear.19 For these reasons,
we usually do not use an invasive approach in older patients
with T2MI. In other words, the population of our study can
be considered a selected group of patients with great ische-
mic risk, who underwent PCI after a judicious evaluation of
the risk/benefit ratio. We used a phenotype-based scale for
the assessment of frailty as CFS for several reasons. First, it
is an ease-of-use tool, performable also at bedside or
through the relatives. Furthermore, it is not based only on
administrative claims with the risk of inaccurate assessment
as CFI. Interestingly, the impact of frailty on mortality is
evident at 6 months. In-hospital and 30-day mortality could
be affected by more predictive factors in the setting of hos-
pitalization such as active bleeding, infective complica-
tions, and severe heart failure. We found a positive impact
of PCI on the mortality of patients with frailty. In contrast
with other studies comparing invasive (not necessarily PCI)
with conservative strategy, we excluded patients with poor
life expectancy and poor clinical status, selecting patients
with frailty with an acceptable procedural risk, who under-
went PCI. To the best of our knowledge, this is the first
study showing a positive impact of PCI on the mortality of
older patients with frailty who underwent PCI. New materi-
als and devices for PCI may have contributed to this result.
Further studies are warranted in a larger population and ran-
domized to confirm such preliminary data.

In an observational study in older patients with
NSTEMI, frail status is associated to a poorer outcome,
whereas PCI is associated to a better long-term outcome. A
careful selection of patients suitable for revascularization
by PCI may be useful in improving the outcome of older
patients with frailty with NSTEMI.

The main limitations of the study are its observational
and monocentric nature and the relatively small number of
patients enrolled.
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