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Introduction: The clinical benefit of invasive therapy in elderly patients with acute
coronary syndrome (ACS) remains unclear. Furthermore, the decision-making process to
treat this growing patient group is also debatable. The purpose of this study was to assess the
association between elderly ACS patients, the treatment choice and their in-hospital out-
comes after non-ST-elevation (NSTE)-ACS in a consecutive series of patients >75 years of
age.

Methods and Results: Consecutive patients >75 years presenting with NSTE-ACS in our
hospital between July 2017 and July 2018 were included during the first 2 days of hospital
admission. Demographic data, prior medical history and present medical condition were
documented. During day 0 and day 2, geriatric assessments (Clinical Frailty Scale [CFS],
Barthel index, Charlson comorbidity index, “timed up and go” test [TUG], Mini-Mental
Status Test [MMS], Geriatric Depression Scale [GDS], SF-36 for quality of life, instrumental
activities of daily living [TADL], Killip-score, Grace-score and Euro-score) were conducted.
After 6 months, patients were re-evaluated. In 106 patients (mean age 81.9+5.3 years, 57%
male gender), 68 patients (64%) were treated interventionally, and 38 patients had conserva-
tive treatment (36%). Patients treated with intervention were significantly younger (80.9+4.7
years vs 83.5+6.0 years, p=0.015), had a lower rate of prior cerebral events (17.6% vs 26.3%;
p=ns) and suffered more often from chronic obstructive pulmonary disease (17.6% vs 34.2%;
p=0.050). All other demographic variables were comparable between both groups. The
composite clinical endpoint (death, re-infarction, bleeding) was reached in 7 patients
(10.3%) of the invasive and in 2 patients (5.3%) of the conservative group. They were not
significantly different between both groups. A frailty index, consisting of commonly used
parameters of functional impairment in elderly patients, namely, MMS <2 at baseline, [ADL
<7, CFS >7 and age >85 years, significantly predicted conservative treatment.
Conclusion: Effective revascularization techniques are still underused in patients of older
age in the case of ACS. For decision-making, geriatric tests alone may not predict treatment
in those patients, but the combination of different tests may better predict treatment and
perhaps the clinical outcomes in those patients. Furthermore, frail patients are at higher risk
for not receiving guideline recommended therapy.
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Introduction

The rapidly aging population in the Western world leads to higher incidence rates of
coronary artery disease (CAD) and patients with acute coronary syndrome (ACS).
There is a substantial part of elderly patients suffering from geriatric preconditions
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like frailty and comorbidity, an increasing number of these
patients are also treated invasively.! Guidelines recom-
mend an invasive therapy even in elderly patients with
Non-ST-elevation myocardial infarction-ACS (NSTEMI-
ACS).? A recently published randomized trial, specifically
designed to study elderly patients, revealed that this
patient group benefits from invasive therapy.
Unfortunately, this study included highly selected patients
in relatively good health but neglected specific geriatric
preconditions, like frailty and comorbidity, which are very
common in these patients. There is strong evidence that
prognosis is worse for common outcome measures in these
patients.*® Not only frailty is associated with worse out-
comes, pre-existing comorbid conditions as well as
dementia have an unfavorable prognosis in the presence
of ACS.”™!" Frailty is a condition characterized by loss of
biological reserves, which leads to failure of homeostatic
mechanisms following stressor events.'?> An acute myo-
cardial infarction is an example of a stressor event from
which an older person with frailty may be at greater risk
for adverse events, compared to a physically active older
person. Consequently, frailty is independently associated
with increased mortality following ACS. Possibly as
a consequence, older patients are less likely to receive
guideline indicated ACS care."? It remains unclear if inva-
sive therapy is beneficial, when these preconditions are
evident in patients with NSTEMI-ACS. Likewise, the
decision-making process of the treating physician is not
well elucidated. The purpose of this study was to assess
the association between these factors, the choice of treat-
ment and in-hospital outcomes in consecutively recruited

NSTE-ACS patients >75 years.

Methods
Patient Population and Study Protocol

The present study is a prospective observational study
including consecutive patients admitted to our center for
the treatment of NSTEMI-ACS.

NSTEMI-ACS was defined as acute chest pain based
on the following criteria:

1. Elevated troponin T (hsTNT) levels at admission or
during the course of the hospital stay without other
reasons for TNT elevation like congestive heart
failure, myocarditis or atrial fibrillation (see below).

2. ECG-changes susceptible for myocardial ischemia

To avoid possible confounding influences of other reasons
for elevation of cardiac markers or ST-segment-changes
like congestive heart failure, trauma, left ventricular aneur-
ysm or persistent tachyarrhythmia due to atrial fibrillation,
patients were not included if there were elevated TNT-
levels detected without angiographic confirmation of
CAD. Patients originally admitted with unstable angina,
who developed myocardial infarction (MI) during the hos-
pital course were classified as having ACS.

The decision to perform angiography and percutaneous
coronary intervention (PCI) was left to the decision of the
treating physician taking also into account the patients’
personal preferences or the preferences of the patients’
relatives.

Coronary angiography, PCI and stent implantation were
performed according to institutional standards using
a transfemoral or transradial approach in all patients. The
decision for PCI as well as the decision to implant a stent
after balloon dilatation or to conduct direct stent implanta-
tion without prior balloon dilatation was left to the discre-
tion of the treating physician. In the case of stent
implantation, drug-eluting stents (DES) were used in all
patients. Heparin was given intravenously to achieve an
activated clotting time of >250 s during the intervention
and all patients without specific contraindications received
standard antithrombotic therapy. Patients without antithrom-
botic therapy prior to admission received a loading dose of
500 mg aspirin intravenously and 300600 mg clopidogrel
or 180 mg of ticagrelor orally. During their hospital stay all
patients received a standard dose of 100 mg aspirin and
75 mg clopidogrel or 2x90 mg ticagrelor daily. In patients
with an indication for oral anticoagulation, aspirin was
given as “triple therapy” during the hospital stay. Patients
were discharged with dual therapy consisting of clopidogrel
and reduced dose of an oral anticoagulant.

Data Collection and Geriatric

Assessment

Patients were consecutively included, exclusion criteria were
(1) patients refused to participate in the survey and (2) patients
not suitable to obtain geriatric tests due to physical impair-
ment and (3) patients not able to provide informed consent or
to perform the various tests due to cognitive impairment. If the
patient was not able to provide signed informed consent in
case of care assistance, it was not substituted by
a representative or the caregiver. Data were prospectively

collected during admission within the first 48 hours.
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Baseline clinical and laboratory data, past medical
history, cardiac and non-cardiac concomitant diseases
were analyzed together with established cardiovascular
risk factors i.e. diabetes, hypertension, and dyslipidemia.

Patients were stratified according to their cardiac risk
based on the Euro-score,'* Killip-class'® and the Grace
risk score (Global Registry of Acute Coronary Events).'®

We evaluated any serious adverse events during the in-
hospital stay such as death, MI, and complications during
his/her hospital stay due to bleeding, reinfarction, need for
mechanical ventilation, respiratory tract infection, acute
renal failure and resuscitation.

Follow-up after 6 months was done by clinical appoint-
ment either in the hospital, at the patients” home, or in the
nursery home. During this visit, all above-mentioned tests
were repeated for comparison with baseline values.

Geriatric assessment was conducted within the first 48
hours of admission, assessing comorbidity with the
Charlson comorbidity index,'” cognitive function with
the Mini-Mental State Examination (MMS),'® Clinical
Frailty Scale (CFS) for the extent of frailty,'” Barthel

20 “timed up and go” test (TUG) for gait function®'

index,
and the instrumental activities of daily living (IADL).*
The extent of depression was measured with the Geriatric
Depression Scale.”® The institutional board of the
University of Erlangen approved the protocol prior to
recruitment. This study was conducted according to the

Declaration of Helsinki in its latest form.

Statistical Analysis

For dichotomous variables, either the two-sided Fisher’s
exact test or the Chi® statistic was used whenever applic-
able. In the case of continuous variables, the unpaired #-test
was used. In case the Shapiro—Wilk test revealed a strong
deviation from a normal distribution, the Mann—Whitney
U-test was preferred for non-Gaussian data. Logistic regres-
sions were done with the dependent variable of angiography
done (yes/no) while independent variables also included
patient demographics and the used scales and scores. The
significance level a of 0.05 was used for all tests. For all
descriptive statistical analyses, SPSS version 24.0 (IBM,
Munich, Germany) was used.

Results

A total of 106 consecutive patients >75 years admitted for
ACS between January 2017 and March 2018 were included.
Of these, 60 (56.6%) were male, 46 (43.4%) were female. Of
all patients 38 patients (35.9%, mean age 83.5+6.0 years) were

treated conservatively, 68 (64.1%) were transferred to angio-
graphy. In these 65 patients (95.6%) PCI was performed.
Mean systolic blood pressure at admission was 147423
mmHg, diastolic blood pressure 81+16 mmHg, mean heart
rate was 88+25 beats/minute. Ejection fraction, measured
angiographically or with echocardiography was >60% in 53
(56.4%) patients.

Baseline demographic characteristics were very similar
in the two groups (Table 1). Patients, who had angiogra-
phy, were significantly younger as compared to patients
who were treated conservatively. Male gender was predo-
minant in the overall cohort, ie, more male patients
received angiography as compared to female patients. All
other demographic data were not significantly different.

Angiographic Data

Coronary angiography was conducted in 68 (64.2%) of all
patients. Of those, in 54 patients (79.4%) angiography was
performed within the first 72 hours. PCI was done in 51
patients (75%), in 38 patients (55.9%) one vessel, in 12
patients (17.6%) two vessels, and in 1 patient (1.5%) 3
vessels were treated during the index procedure. In all
patients, procedures were successful with the implantation
of at least one stent. None of the patients were treated with
balloon angioplasty alone.

Geriatric Assessment at Baseline
Euro-score, Killip-class and Grace-score were assessed in
all patients. There were no significant differences found
between both groups. Mini-Mental state test for dementia
was 25.2+5.8 for all patients, showing mild cognitive
impairment for all patients, but it was not different
between patients managed conservatively or invasively.
Geriatric Depression Scale was 4.4+2.8, indicating no
prevalent depression in our patients. Clinical Frailty
Scale (CFS) was 4.0+2.0 in patients not forwarded to
angiography and 3.4+1.6 in patients managed invasively
[non-frail (CFS 1-4), mild-to-moderately frail (CFS 5-6),
and severely frail (CFS 7-8)] and therefore in both groups
in average patients were not frail. IADL were less present
in patients managed conservatively (5.442.7 vs 6.3£2.5,
p=0.087). Comorbidity as measured with the Charlson
comorbidity index was 3.2£2.5 vs 3.0+£1.9 (p=0.691)
(Table 2, Figure 1)

Predictors of Choice of Treatment
The purpose of this analysis was, to identify factors,
which possibly could impact the decision to treat the
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Table | Baseline Demographic Data

All Patients No Angiography Angiography p-Value
Age, years 81.9+5.3 83.5+6.0 80.9+4.7 0.015
Body mass index 26.8+4.1 26.1%£3.6 27.244.5 0.188
Male gender 60 (56.6%) 18 (47.7%) 42 (61.8%) 0.152
TIA, intracranial bleeding 22 (20.8%) 10 (26.3%) 12 (17.6%) 0.291
GFR 260 mL/min/1.73 m? 38 (41.3%) 15 (48.4%) 23 (37.7%) 0.527
GFR <30, <60 mL/min/1.73 m? 40 (43.5%) Il (35.5%) 29 (47.5%)
GFR = 30 mL/min/1.73 m? 14 (15.2%) 5 (16.1%) 9 (14.8%)
Prior CAD 71 (67.0%) 26 (68.8%) 45 (66.2%) 0.814
Prior PCI 48 (45.3%) 16 (42.1%) 32 (47.1%) 0.623
Prior CABG 7 (6.6%) 2 (5.3%) 5 (7.4%) 0.678
Prior MI 37 (34.9%) 12 (31.6%) 25 (36.8%) 0.591
Heart Failure NYYA
0 65 (61.3%) 23 (60.5%) 42 (61.8%) 0.612
| 37 (34.9%) 13 (34.2%) 24 (35.3%)
2 3 (2.8%) 1 (2.6%) 2 (2.9%)
3 I (0.9%) 1 (2.6%) 0 (0.0%)
COPD 25 (23.6%) 13 (34.2%) 12 (17.6%) 0.054
Atrial fibrillation 32 (30.2%) 12 (31.6%) 20 (29.4%) 0.8l16
History of smoking 21 (19.8%) 9 (23.7%) 12 (17.6%) 0.455
Hypercholesteremia 69 (65.1%) 19 (50.0%) 50 (73.5%) 0.015
Diabetes 43 (40.6%) 14 (36.8%) 29 (42.6%) 0.559
Hypertension 95 (89.6%) 33 (86.8%) 62 (91.1%) 0.483
Family history of cardiovascular disease 26 (24.5%) 10 (26.3%) 16 (23.5%) 0.749
Creatinine, mg/dL 1.38+0.72 1.23+0.43 1.46+0.83 0.060
CRP, mg/dL 2.66+4.33 2.60+4.29 2.69+4.38 0.925
CRP max, mg/dL 6.25+7.90 6.75+7.97 5.97x7.91 0.630
Troponin T, ng/mL 0.25+0.64 0.18+0.41 0.29+0.72 0.402
Troponin max, ng/mL 0.39+0.74 0.24+0.49 0.47+0.85 0.089
Hb, g/dL 14.7£17.0 12.8+2.3 15.8+21.2 0.408
CK, U/L 223.7+240.0 219.7+232.5 225.9+246.5 0.901
CK max, U/L 405.5+601.0 419.2+£708.0 397.6+538.5 0.860
CK MB, ng/L 31.2+26.8 33.4£30.0 30.0£25.0 0.529
CK MB max, pg/L 44.2+67.3 37.84+34.0 48.7+80.1 0.426
726 submit your manuscript Clinical Interventions in Aging 2020:15
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Table 2 Geriatric Scores According to the Type of Diagnosis and Treatment
All Patients No Angiography Angiography p-Value

Killip-score 1.24£0.49 1.37+0.63 1.16£0.37 0.400
Charlson comorbidity index 312,10 3.2+25 3.0£1.9 0.691
Clinical Frailty Scale 3.6x1.8 4.0£2.0 34xl.6 0.119
Geriatric Depression Scale 44128 4.6+2.4 4.3£25 0.567
Instrumental activities of daily living (IADL) 6.0+2.6 5.4%27 6.3+2.5 0.087
Euro-score 7.39+2.76 7.71£3.30 7.21x2.41 0.505
Mini Mental State 252458 24.2+6.4 25.8+5.4 0.187
Barthel index 85.9+20.5 82.2+21.4 88.0+19.9 0.180
Grace-score 145.3+22.1 149.3+23.6 143.0£21.1 0.156
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Figure | Overview of the Geriatric Scores According to the Type of Dlagnosis and Treatment.

Clinical frailty index
8.00

7.00

6.00
5.00 [
4.00

3.00

2.00 -
1.00

0.00

all patients no angiography angiography

Euroscore
12.00

10.00

p=0.505

T T 1

all patients no angiography angiography

Grace score

1

all patients no angiography angiography

Clinical Interventions in Aging 2020:15

submit your manuscript

727

Dove


http://www.dovepress.com
http://www.dovepress.com

Rittger et al

Dove

patients either interventionally or conservatively. To
identify these potential confounders, a logistic regres-
sion analysis was performed on the basis of the avail-
able demographic data and the results of the specific
geriatric tests. Age was identified as a significant single
predictor for conservative treatment. Of all other items,
individual tests were not able to predict treatment.
A frailty index, consisting of commonly used parameters
of functional impairment in elderly patients, namely,
MMS at baseline <2, IADL < 7, Clinical Frailty Scale
>7 and age >85 years significantly predicted conserva-
tive treatment (Table 3).

In-Hospital Mortality Rates and

Complications

A total of 4 deaths (3.8%) occurred during hospitalization,
the overall mortality was higher in patients who had
this
(p=0.127). Bleeding was similar in both groups (2 patients
[5.3%] vs 3 patients [4.4%], p=0.841), the incidence of
acute renal failure was higher in the conservative group (2
patients [5.3%] vs 1 patient [1.5%], p=0.259). There was
no in-hospital MI in either groups (Table 4).

angiography, but finding was not significant

Discussion

The purpose of this study was to evaluate the process of
physicians’ decision-making when treating elderly ACS
patients, since there is a paucity of clinical evidence for
the optimal management of frail and comorbid elderly
patients. One of the main results of our study is that age
is still a risk factor leading to less referrals to interven-
tional treatment in ACS patients. Secondly, individual
geriatric tests may not predict treatment in these patients.
However, the combination of different tests may better
predict treatment and, possible outcomes in this patient
group. In the present study, a MMS < 2, JADL < 7 and

a CFS of higher than 5 independently predicted

Table 4 In-Hospital Outcomes

Table 3 Predictors of Angiography According to Level of
Dementia, Activities of Daily Living, Clinical Frailty Scale and Age

All Patients | No Angiography | p-Value
n (%) Angiography n (%)
n (%)
0] 39394 11 (31.4) 28 (43.8) 0.027
1] 28 (28.3) 6 (17.1) 22 (34.4)
2| 10 (lo.1) 4 (11.4) 6 (94)
3117(17.2) 11 (31.4) 6 (94)
41561 3 (8.6) 2 3.1

Notes: MMS_baseline_cat <2, IADL < 7, CFS 2 4, age 285.

conservative treatment of ACS. In addition, our study
shows, that frail patients are at higher risk for not receiv-
ing guideline-recommended therapy. It is currently being
discussed, if ACS patients with a high frailty index benefit
from invasive treatment.>* This study revealed that demen-
tia was part of risk evaluation in elderly ACS patients and
that after the inclusion of the MMS test, our score was able
to predict the type of treatment. Therefore, the addition of
the dementia severity in risk evaluation ought to be part of
the risk stratification, even for outcome measurements.
Evidence of how to deal with this patient group is still
limited but has been growing in recent years. There are
only a few randomized trials to compare the different
treatment strategies in elderly ACS patients. The signifi-
cant heterogeneity in this patient group allows only
a minority of possible candidates to participate in rando-
mised trials. This is underlined by high exclusion rates in
some trials (48.5% of screened patients included in the
Italian Elderly ACS trial*® and 10.9% in the After Eighty
trial®). Furthermore, this pronounced diversity in patients
might confine selection criteria for different tests.
Therefore, even in this study, included patients differed
to some extent substantially from real-life ACS patients
who were treated at community hospitals. As a result, the
applicability of a specific test in different clinical and

All Patients No Angiography Angiography p-Value
Composite clinical endpoint (death, re-Ml, bleeding) 9 (8.5%) 2 (5.3%) 7 (10.3%) 0.373
Death, all caused 4 (3.8%) 0 (0.0%) 4 (5.9%) 0.127
Re-MI 0 (0.0%) 0 (0.0%) 0 (0.0%) -
Bleeding 5 (4.7%) 2 (5.3%) 3 (4.4%) 0.841
Acute renal failure 3 (2.8%) 2 (5.3%) 1 (1.5%) 0.259
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individual scenarios for this heterogeneous patient group
greatly limits the applicability for each test or score.
Therefore, even the applicability of a screening score
consisting of several tests will only have limited value.

There is growing evidence to treat elderly ACS
patients. In the After-Eighty Study,’ patients >80 years
presenting with ACS were randomized to either conserva-
tive or interventional treatment in 16 Norwegian hospitals.
The primary outcome (composite of MI, revascularization,
stroke and death) was significantly in favour of interven-
tionally treated patients (457 patients included, primary
endpoint 40.6% vs 61.4%). Prevalence of comorbidities
and frailty in patients was low. This study had important
in- and exclusion criteria, eg, ongoing angina was an
exclusion criterion. The Italian ACS study randomized
313 patients >75 years presenting with NSTEMI-ACS to
interventional or initially conservative treatment.”> The
primary endpoint was a composite of death, MI, disabling
stroke and hospitalization or severe bleeding and occurred
in 27.9% of the invasive and 34.6% of the conservative
group (p=0.260). In contrary to these two studies, with
a high prevalence of relatively healthy participants, the
MOSCA trial included 106 patients >60 years with
a higher proportion of patients with comorbidities.® After
2.5 years, the authors did not find a significant difference
between groups regarding the combined endpoint consist-
ing of all-cause mortality, reinfarction and readmission.

Alonso Salinas et al’ found in 234 ACS patients aged
>75 years, that frailty was an independent predictor of the
combination of death or non-fatal myocardial infarction.
Of 234 patients, 40.2% fulfilled the frailty criteria and
those patients had a higher risk profile according to age
and worse outcomes regardless of treatment type.

The LONGEVO-SCA registry included NSTE-ACS
patients >80 years while a geriatric assessment during
the first 72 hours of hospitalization®® was conducted. Of
531 patients, 27.3% were frail, 76.6% of all patients
underwent invasive assessment. Even in this registry,
patients who underwent the invasive strategy were
younger and a lower proportion of those were frail.
Conservative management in non-frail patients 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 significant association was observed in
patients with established frailty criteria (sHR1.40, 95%
CI 0.72-2.75, p=0.325). Interestingly, this association
remained significant in the overall cohort and in non-
frail patients but not in frail persons. The interaction

invasive strategy-frailty was significant (p=0.032). This
registry was the first to show that the success of the
interventional treatment might be extenuated with the
extent of frailty. The authors concluded that with an
increasing degree of frailty, the benefit of an invasive
therapy decreases. Moreover, they recommended larger
studies and randomized trials to clarify the role of inter-
vention in these patients are mandatory.

Campo et al showed in 402 patients >70 years with
ACS that the assessment of the physical performance with
SPPB scale before hospital discharge in addition to the
GRACE- and TIMI risk scores increased the ability to
predict adverse events in older ACS patients. They con-
cluded that this might be useful in the clinical decision-
making process.”’

Even non-cardiovascular comorbidities (NCC) like dia-
betes, renal disease or anemia can provoke worse out-
comes. Ofori-Asenso et al showed in 1488 older adults
hospitalized for NSTE-ACS that having >2 NCC was
associated with a significantly increased likelihood of
longer hospital stays and in-hospital death rates (HR
1.79, 95% CI: 1.06-3.03; p=0.029), respectively.”®

The patient number in the present study was too low to
show significant differences in in-hospital outcomes, but
interestingly the presence of dementia was a predictor for
the choice of therapy. Again this reflects the problem in
decision-making when elderly patients are treated. The
pivotal question of which test is suitable for which indivi-
dual patient is highly pertinent.

Current guidelines emphasize individualized treatment
in elderly patients, respecting the overall condition and the
comorbidity burden, but decision-making in the face of frail
patients is complex. Our data underline the fact that this
decision-making is highly individual respecting the patient,
patient wishes and even the wishes of patients’ relatives.

Analogously, the large multinational observational glo-
bal registry of acute coronary events (GRACE) has been
used to derive regression models to predict death in hos-
pital and death after discharge in patients with ACS,?**°
but since “numerical” age is a major risk factor in this
model and part of the risk score itself, a special risk score
for decision-making in elderly patients should be devel-
oped. This stratification should aim to identify elderly
patients with ACS, who are suitable for reperfusion ther-
apy with the largest survival benefit. But not only survival
in this patient group is of paramount interest. The
improvement of functional outcomes should also be inte-
grated into risk estimation.
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Limitations
This is a non-randomized, single-centre, observational
study with 106 patients and relatively low event rates
and low sample sizes in each group. Since this was an
observational study, we are not able to rule out any selec-
tion bias. Due to the heterogeneity of the elderly popula-
tion, recruitment of patients was slow, and total number of
included patients remained low due to several circum-
stances like physical or cognitive impairment and resulting
inability to perform the array of tests. According to the
design of this observational study, there is a considerable
selection bias regarding treatment, which remains
a limitation of this study.

Because of the explorative nature of this study, more
statistical tools could have been used to adjust for potential

confounders, which was not done due to the small sample size.

Conclusion

Effective revascularization techniques are still underused in
patients with high “numerical” age in the case of ACS.
Furthermore, frail patients are at higher risk for not receiving
guideline-recommended therapy. With the absence of rando-
mized data, which guide decision-making regarding useful
therapies in the case of NSTEMI-ACS in elderly frail
patients, our results show, that the combination of different
geriatric tests better predicted the chosen treatment.
A randomized outcome trial, specifically designed for elderly
frail patients with NSTEMI-ACS, to guide decision-making
in this patient group is inevitably warranted.
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