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BACKGROUND Cardiogenic shock (CS) in the setting of acute myocardial infarction (AMI) is associated with high

morbidity and mortality. Frailty is a common comorbidity in patients with cardiovascular disease and is also associated

with adverse outcomes. The impact of preexisting frailty at the time of CS diagnosis following AMI has not been studied.

OBJECTIVES The purpose of this study was to examine the prevalence of frailty in patients admitted with AMI

complicated by CS (AMI-CS) hospitalizations and its associations with in-hospital outcomes.

METHODS We retrospectively analyzed the National Inpatient Sample from 2016 to 2020 and identified all hospitali-

zations for AMI-CS. We classified them into frail and nonfrail groups according to the hospital frailty risk score cut-off of 5

and compared in-hospital outcomes.

RESULTS A total of 283,700 hospitalizations for AMI-CS were identified. Most (70.8%) occurred in the frail. Those with

frailty had higher odds of in-hospital mortality (adjusted OR [aOR]: 2.17, 95% CI: 2.07 to 2.26, P < 0.001), do-not-

resuscitate status, and discharge to a skilled nursing facility compared with those without frailty. They also had higher

odds of in-hospital adverse events, including intracranial hemorrhage, gastrointestinal hemorrhage, acute kidney injury,

and delirium. Importantly, AMI-CS hospitalizations in the frail had lower odds of coronary revascularization (aOR: 0.55,

95% CI: 0.53-0.58, P < 0.001) or mechanical circulatory support (aOR: 0.89, 95% CI: 0.85-0.93, P < 0.001). Lastly,

hospitalizations for AMI-CS showed an overall increase from 53,210 in 2016 to 57,065 in 2020 (P trend <0.001), with

this trend driven by a rise in the frail.

CONCLUSIONS A high proportion of hospitalizations for AMI-CS had concomitant frailty. Hospitalizations with AMI-CS

and frailty had higher rates of in-hospital morbidity and mortality compared to those without frailty.

(JACC Adv 2024;3:100949) © 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology

Foundation. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

AMI = acute myocardial

infarction

AMI-CS = acute myocardial

infarction with cardiogenic

shock

CABG = coronary artery bypass

graft

CS = cardiogenic shock

CVD = cardiovascular disease

MCS = mechanical circulatory

support

NSTEMI = non-ST-segment

elevation myocardial infarction

QoL = quality of life

STEMI = ST-segment elevation

myocardial infarction
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F railty is an age-related syndrome
characterized by a reduced physio-
logic reserve and increased vulnera-

bility to external and internal stressors.1 It
is associated with poor health outcomes,
increased mortality, morbidity, and a
reduced quality of life (QoL).2,3 Increased
attention has been given to the bidirectional
association between frailty and cardiovascu-
lar diseases (CVD) and its correlation with a
heightened risk of cardiovascular events.4

Frailty increases the risk of adverse
cardiovascular outcomes; conversely, CVD
increases the risk of being frail. This bidirec-
tional association has been seen in patients
with acute myocardial infarction (AMI) and
several other cardiovascular conditions.5-8

However, frailty is not well characterized in

patients with cardiogenic shock (CS), which is a high-
ly lethal condition that can develop after AMI and is
independently associated with poor outcomes.9

CS is the leading cause of death in patients with
AMI and is associated with multimorbidity, reduced
QoL, and physical disability.9 In the broader general
population of patients with AMI, frail individuals are
more likely to undergo conservative management,
with lower utilization of revascularization therapies
and advanced hemodynamic support.10,11 However,
the prevalence of frailty in this vulnerable population
and clinical characteristics of frail patients with AMI
complicated by CS (AMI-CS) have not been charac-
terized. Furthermore, the relationship between frailty
and clinical outcomes among the highest-risk subset
of individuals suffering from CS as a complication of
AMI remains unknown. Therefore, we sought to
define the prevalence of frailty in patients admitted
to AMI-CS hospitalizations and examine its associa-
tions with in-hospital outcomes.

METHODS

DATA SOURCE. We retrospectively analyzed the
National Inpatient Sample, the largest all-payer
inpatient care database in the United States, devel-
oped for the Healthcare Cost and Utilization Project
(HCUP) and sponsored by the Agency for Healthcare
Research and Quality.12 When weights are applied to
the 20% of participating hospitals across 49 partici-
pating states, each year of HCUP contains data on
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received July 31, 2023; revised manuscript received November 2
approximately 35 million hospitalizations, which can
be used to identify, track, and analyze health care
utilization, access, costs, quality, and outcomes. The
database has been devised to account for more than
97% of admissions occurring nationally. The HCUP is
devoid of state, hospital, and patient identifiers to
guarantee patient confidentiality, and since all hos-
pital encounters are strictly deidentified, our study
was exempt from the purview of our institutional
review board. HCUP is open to the public and can be
accessed through its public website.12 This study was
exempt from ethics approval as publicly available
deidentified data from the National Inpatient Sample
were used.

STUDY POPULATION AND COVARIATES. We collected
all hospitalizations for AMI-CS in either primary or
secondary diagnoses from the HCUP years 2016 to
2020. We then excluded hospitalizations under
18 years old and entries containing missing data on
demographics, hospital characteristics, primary
payer, median income,12 day of hospitalization, in-
hospital mortality, and length of hospital stay
(LOS). After the application of inclusion and exclu-
sion criteria, we extracted data on demographics
(sex, age, race), hospital characteristics (region, bed
size, urban location), primary payer, median income,
and day of hospitalization (weekday, weekend), all
of which are present in the original databases. In
each hospitalization, we examined the presence of
many comorbidities, as shown in Table 1. Using
International Classification of Diseases-10th
Revision Clinical Modification (ICD-10-CM) codes
(Supplemental Table 1), we calculated hospital frailty
risk score (HFRS), a validated measure of clinical
frailty, for each hospitalization. In short, HFRS is
derived by awarding each prespecified ICD-10-CM
code with a different number of points and then
aggregating all the points awarded.13 We defined the
presence of frailty as having an HFRS of at least 5,
consistent with the definition used by many previ-
ous studies.14-16 AMI-CS hospitalizations were
grouped into those with and without frailty. Clinical
presentation was classified into ST-segment
elevation myocardial infarction (STEMI) and non-
STEMI (NSTEMI). All the comorbidities and proce-
dural data used in our study were established on the
basis of ICD-10-CM and International Classification
of Diseases-10th Revision, Procedural Coding System
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,
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TABLE 1 Baseline Characteristics of Acute Myocardial Infarction

Complicated by Cardiogenic Shock Hospitalizations With and

Without Frailty

Frailty (D) Frailty (L) P Value

Number of hospitalizations 200,970 82,800

Male 63.0 65.6 <0.001

Age, y 69.5 � 12.6 66.2 � 12.6 <0.001

Racea <0.001

White 71.1 74.6

Black 10.9 7.8

Hispanic 9.7 8.9

Asian 4.0 3.8

AI/AN 0.7 0.7

Other 3.6 4.3

Comorbiditiesb

Smoking 37.0 43.5 <0.001

Hypertension 17.0 33.9 <0.001

Diabetes mellitus 45.4 36.9 <0.001

Hyperlipidemia 47.8 57.8 <0.001

Obesity 16.3 16.5 0.660

Heart failure 70.0 50.9 <0.001

Chronic ischemic heart disease 14.6 10.0 <0.001

Atrial fibrillation 33.9 24.3 <0.001

Valvular heart disease 13.2 11.4 <0.001

Peripheral artery disease 10.3 8.2 <0.001

Previous PCI 1.1 1.3 0.104

Previous CABG 7.5 6.5 <0.001

Previous stroke 10.4 5.8 <0.001

Previous pacemaker 2.3 1.9 0.003

COPD 22.0 16.7 <0.001

Pulmonary hypertension 10.9 6.5 <0.001

Chronic kidney disease 40.0 12.0 <0.001

End-stage renal disease 9.1 3.0 <0.001

Liver cirrhosis 2.9 1.5 <0.001

History of malignancy 7.3 7.1 0.495

Deficiency anemia 5.8 2.6 <0.001

Malnutrition 11.6 3.6 <0.001

Dementia 7.8 1.1 <0.001

Major depression 0.6 0.4 <0.001

HFRSc 9.3 2.6 <0.001

Continued in the next column

TABLE 1 Continued

Frailty (D) Frailty (L) P Value

Hospital characteristics

Hospital region <0.001

Northwest 15.8 17.6

Midwest 21.6 19.6

South 40.6 42.1

West 21.9 20.7

Hospital bed-size 0.020

Small 14.1 14.4

Medium 27.9 28.8

Large 58.0 56.8

Urban location <0.001

Rural 4.3 5.5

Urban nonteaching 18.2 20.1

Urban teaching 77.5 74.4

Primary payer <0.001

Medicare 66.2 53.6

Medicaid 9.2 9.8

Private insurance 18.0 27.2

Self-pay 3.6 5.7

No charge 0.3 0.3

Others 2.7 3.3

Median income 0.615

Quartile 1 30.1 29.6

Quartile 2 26.9 27.1

Quartile 3 23.8 24.1

Quartile 4 19.2 19.3

Clinical presentation <0.001

STEMI 43.2 62.2

NSTEMI 56.8 37.8

Day of hospitalization 0.963

Weekday 73.2 73.2

Weekend 26.8 26.8

Values are % or mean � SD unless otherwise indicated. aRace in the studied
database is provided by the Healthcare Cost and Utilization Project partner or-
ganizations, and the protocol whereby race was determined is not specifically
mentioned but rather left to the discretion of the data source. bThe variables used
to define the comorbidities are shown in Supplemental Table 2. cThe variables used
to derive HFRS are shown in Supplemental Table 1.

AI/AN ¼ American Indian/Alaska Native; CABG ¼ coronary artery bypass graft;
COPD ¼ chronic obstructive pulmonary disease; CS ¼ cardiogenic shock;
HFRS ¼ Hospital Frailty Risk Score; NSTEMI ¼ non-ST-segment elevation
myocardial infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-
segment elevation myocardial infarction.
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codes, respectively. These codes can be found in
Supplemental Table 2.

STUDY OUTCOMES. The primary outcome of interest
was in-hospital mortality. Secondary outcomes
included do-not-resuscitate status (DNR), palliative
care consult, discharge to a skilled nursing facility,
coronary revascularization, use of mechanical circu-
latory support (MCS), intracranial hemorrhage,
gastrointestinal hemorrhage, acute kidney injury
(AKI), delirium, LOS, and total hospital cost. Coronary
revascularization was defined as having undergone
percutaneous coronary intervention or coronary ar-
tery bypass graft. Percutaneous coronary interven-
tion was defined as the implantation of a drug-eluting
stent, bare-metal stent, or balloon angioplasty.
Mechanical circulatory support was defined as using
an intra-aortic balloon pump, percutaneous left ven-
tricular assist device, durable left ventricular assist
device, or extracorporeal membranous oxygenation.
Total hospital cost was calculated by multiplying the
total hospital charge with the cost-to-charge ratios
from separate files obtained via HCUP.17

STATISTICAL ANALYSIS. In all statistical analyses,
we applied weights of hospital-level discharge to
produce results representative of national estimates.
We compared categorical and continuous covariates
in the baseline characteristics using the chi-square

https://doi.org/10.1016/j.jacadv.2024.100949
https://doi.org/10.1016/j.jacadv.2024.100949
https://doi.org/10.1016/j.jacadv.2024.100949


Jamil et al J A C C : A D V A N C E S , V O L . 3 , N O . 6 , 2 0 2 4

Frailty and Cardiogenic Shock J U N E 2 0 2 4 : 1 0 0 9 4 9

4

test and the Student’s t test, respectively. We exam-
ined the trend of the number of hospitalizations from
2016 to 2020 using the Jonckheere-Terpstra test.
When selecting covariates to adjust statistical
models, we first examined all baseline characteristics
in a correlation matrix to ensure that no 2 covariates
were highly correlated, as defined by a Pearson cor-
relation coefficient >0.80. Secondly, we investigated
for multicollinearity using variance inflation factor
and tolerance, whose cut-offs were 3 and 0.1,
respectively. Thirdly, we ran collinearity diagnostics
for an eigensystem analysis of covariance to double-
check the absence of multicollinearity. After
addressing multicollinearity, we used stepwise se-
lection on a multivariable logistic regression model to
select covariates to adjust when comparing AMI-CS
with frailty vs without frailty. The model with cova-
riates that produced the least Akaike information
criterion was selected. The following 21 covariates
were selected: age, sex, race, smoking, diabetes
mellitus, hyperlipidemia, obesity, heart failure,
chronic ischemic heart disease, atrial fibrillation, pe-
ripheral artery disease, previous coronary artery
bypass graft, previous stroke, pulmonary hyperten-
sion, end-stage renal disease, liver cirrhosis, defi-
ciency anemia, malnutrition, dementia, major
depression, and STEMI.

To compare primary and secondary outcomes,
which were binary, we used both simple and multi-
variable logistic regression to produce crude odds
ratios and adjusted ORs (aORs) with respective
95% CI. We utilized linear regression when comparing
continuous secondary outcomes. We conducted a
sensitivity analysis in which we included AMI-CS
managed with either revascularization or MCS. We
also performed 2 subgroup analyses: one stratified to
younger (age <65 years) and older (age $65 years)
adults, and one stratified to STEMI and NSTEMI.
Moreover, after stratifying into frail and nonfrail
groups, we looked at the impact of revascularization,
MCS, or either one of them on the in-hospital out-
comes of AMI-CS using the same analytical method-
ology. Finally, to examine the correlation of frailty
score with in-hospital outcomes, the same multivar-
iable logistic regression models were used to calcu-
late the log-odds of each of the in-hospital outcomes,
which were then graphed against the frailty score
using cubic splines with smoothing parameter set at
0.7. Afterward, simple linear regression was used to
assess for linear trends. All tests were 2-sided, and P
values <0.05 were considered significant. Data cura-
tion and all statistical analyses were conducted using
SAS, version 9.4 (SAS Institute). Production of figures
were assisted by R version 4.2.3 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

A total of 4,396,840 AMI hospitalizations were iden-
tified, of which 283,770 (6.5%) also had CS (Figure 1).
Among the AMI-CS hospitalizations, 200,970 (70.8%)
occurred in the frail, while 82,800 (29.2%) occurred in
those without frailty. The frail group was slightly
older than the nonfrail group (age 69.5 years vs
66.2 years, P < 0.001) and had a higher proportion of
individuals identified as of black race and Hispanic
ethnicity (Table 1). In the frail group, the proportions
of diabetes mellitus, heart failure, atrial fibrillation,
previous stroke, chronic obstructive pulmonary dis-
ease, chronic kidney disease, deficiency anemia,
malnutrition, and dementia were significantly higher.
However, the proportions of smoking, hypertension,
and hyperlipidemia were lower (Table 1). The majority
of the frail group presented with NSTEMI (56.8%), in
contrast to STEMI being the major clinical presenta-
tion for the nonfrail group (62.2%). The overall
number of hospitalizations for AMI-CS increased from
53,210 in 2016 to 57,065 in 2020 (P trend <0.001)
(Figure 2). This increasing trend was mediated by an
increasing number of AMI-CS hospitalizations in the
frail (P trend <0.001), in contrast to the decreasing
number of AMI-CS hospitalizations in the nonfrail
(P trend <0.001).

AMI-CS hospitalizations with frailty had signifi-
cantly higher unadjusted rates of in-hospital mortal-
ity (40.0% vs 24.5%, P < 0.001) compared with those
without frailty (Table 2). The odds of in-hospital
mortality were significantly higher even after
adjusting for confounders (aOR: 2.17, 95% CI: 2.07-
2.26, P < 0.001). The frail group had higher odds of
having DNR status or receiving a palliative care con-
sult (Central Illustration). They also had higher odds of
disposition to a skilled nursing facility, intracranial
hemorrhage, gastrointestinal hemorrhage, AKI, and
delirium. However, they had lower odds of undergo-
ing coronary revascularization or receiving MCS. The
LOS in the frail group was significantly higher
(adjusted mean difference 3.91 days, 95% CI: 3.71-
4.10, P < 0.001) and more expensive (adjusted mean
difference $17,705, 95% CI: 16,629-18,781, P < 0.001).

Sensitivity analysis of AMI-CS managed with either
revascularization or mechanical circulatory support
showed similar results of increased in-hospital mor-
tality, ICH, gastrointestinal bleed, and longer length
of stay (Supplemental Table 3). Subgroup analyses
stratified by younger (n ¼ 104,025) and older adults

https://doi.org/10.1016/j.jacadv.2024.100949


FIGURE 1 Flowchart of This Study

The flowchart illustrates the patient selection process used in this study. AMI ¼ acute myocardial infarction; NIS ¼ National Inpatient Sample.
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(n ¼ 179,745) revealed similar results in both AMI-CS
hospitalizations occurring in ages <65 years
and $65 years (Supplemental Table 4). The results
were largely similar in another subgroup analysis
stratified to STEMI and NSTEMI, except for the similar
rates of MCS use regardless of frailty in STEMI
FIGURE 2 Trend of Acute Myocardial Infarction Hospitalizations Wi

The bar graphs show the number of hospitalizations for AMI with cardio

(blue), and both (gray). The lines of best fit for each of the groups are
hospitalizations (Supplemental Table 5). Revascular-
ization was associated with lower odds of in-hospital
mortality in frail and nonfrail groups. However, MCS
was associated with lower odds of in-hospital mor-
tality only in the frail group (aOR: 0.91, 95% CI: 0.87-
0.96, P < 0.001). (Supplemental Table 6). Spline
th Cardiogenic Shock

genic shock from the year 2016 to 2020 in the frail (red), nonfrail

shown in dotted lines. AMI ¼ acute myocardial infarction.
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TABLE 2 Comparison of Outcomes in Acute Myocardial Infarction Complicated by Cardiogenic Shock With and Without Frailty

Outcome Frailty (D) Frailty (L) Crude OR (95% CI) P Value Adjusted OR (95% CI)a P Value

In-hospital mortality 40.0 24.5 2.06 (1.98-2.15) <0.001 2.17 (2.07-2.26) <0.001

Do not resuscitate 29.7 13.6 2.70 (2.57-2.84) <0.001 2.36 (2.24-2.49) <0.001

Palliative care consult 21.1 8.8 2.79 (2.62-2.96) <0.001 2.40 (2.25-2.56) <0.001

Skilled nursing facility 26.1 10.7 2.94 (2.78-3.10) <0.001 2.23 (2.10-2.35) <0.001

Revascularization 47.4 68.8 0.41 (0.39-0.43) <0.001 0.55 (0.53-0.58) <0.001

MCS 34.0 42.1 0.71 (0.68-0.74) <0.001 0.89 (0.85-0.93) <0.001

Intracranial hemorrhage 1.7 0.3 5.35 (4.06-7.04) <0.001 5.73 (4.31-7.61) <0.001

Gastrointestinal hemorrhage 8.5 2.4 3.88 (3.49-4.32) <0.001 3.64 (3.26-4.08) <0.001

Acute kidney injury 71.4 19.8 10.11 (9.67-10.57) <0.001 11.06 (10.55-11.59) <0.001

Delirium 5.6 0.4 14.80 (11.58-18.90) <0.001 13.20 (10.32-16.87) <0.001

Length of stay, days 11.0 � 12.3 3.5 � 3.6 5.27 (5.07-5.47)b <0.001 3.91 (3.71-4.10)c <0.001

Total hospital cost, $ 58,075 � 66,153 38,290 � 37,921 19,785 (18,712-20,859)b <0.001 17,705 (16,629-18,781)c <0.001

Values are % or mean � SD unless otherwise indicated. aAdjusted for age, sex, race, smoking, diabetes mellitus, hyperlipidemia, obesity, heart failure, chronic ischemic heart
disease, atrial fibrillation, peripheral artery disease, previous CABG, previous stroke, pulmonary hypertension, end-stage renal disease, liver cirrhosis, deficiency anemia,
malnutrition, dementia, major depression, and ST-segment elevation myocardial infarction. bCrude mean difference with a 95% CI. cAdjusted mean difference with a 95% CI.

CABG ¼ coronary artery bypass graft; MCS ¼ mechanical circulatory support.
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curves showed a positive correlation between HFRS
and log-odds of in-hospital mortality, DNR status,
palliative consult, discharge to a skilled nursing fa-
cility, AKI, and delirium (Figure 3). On the other hand,
a negative correlation was seen between HFRS, log
odds of revascularization, and MCS. All the linear
trends were significant.

DISCUSSION

This nationally representative study assessed the as-
sociation between frailty, clinical management, and
clinical outcomes in AMI-CS hospitalizations. First,
the prevalence of frailty in AMI-CS hospitalization is
high, with nearly three-quarters being frail. Second,
frailty during AMI-CS hospitalization was associated
with higher rates of mortality and in-hospital com-
plications such as bleeding, delirium, and longer LOS
than those with nonfrail status. Third, frailty in AMI-
CS was associated with a lower likelihood of coronary
artery revascularization and temporary MCS devices.
Lastly, among the frail group, those who underwent
coronary revascularization experienced lower in-
hospital mortality. However, mortality benefit from
MCS was observed specifically in the frail group and
not the nonfrail.

Our findings suggest that frailty is more prevalent
in adults hospitalized with AMI-CS than in other
cardiovascular conditions. Up to 70% of AMI-CS hos-
pitalizations had frailty, which could be attributed to
the combined burden of 2 acute CVD diagnoses (AMI
and CS). Furthermore, on the opposite end, the
reduced overall reserve in frail individuals makes
them more susceptible to CS following AMI.18-21
Previous studies reported varying rates of frailty in
CVD. For example, frailty prevalence in patients with
acute CVD has been reported to range from 24 to 86%,
varying according to the underlying CVD process.6,22-
25 The variability in the reported rates can be attrib-
uted to multiple factors, such as the lack of stan-
dardized diagnosis, assessment tools for frailty, and
the differences in underlying CVD severity.4

Furthermore, our study revealed that hospitaliza-
tions for AMI-CS with concomitant frailty were asso-
ciated with a 40% in-hospital mortality rate. Similar
to the current study, previous registries, such as the
LONGEVO-SCA (Impact of Frailty and Other Geriatric
Syndromes on the Management and Vital Prognosis of
the Elderly with Acute Coronary Syndrome without
ST Segment Elevation) registry and TRILOGY ACS
(Targeted Platelet Inhibition to Clarify the Optimal
Strategy to Medically Manage Acute Coronary Syn-
dromes) trial, demonstrated up to 40% in-hospital
mortality rates in patients with ACS who were
considered frail.23,26,27 The high mortality rates
among frail adults may be attributed to a higher
number of comorbidities and higher rates of sarco-
penia, reduced physiological reserve, and diminished
rehabilitation potential.28 However, it remains un-
known if interventions that directly target frailty can
improve outcomes in AMI-CS complicated by frailty.

This study showed that frailty was associated with
negative outcomes across age groups (>65
vs <65 years), emphasizing that the adverse effects of
frailty in those with AMI-CS extend across the aging
spectrum. This finding across age groups is note-
worthy because some may assume that frailty is
exclusively observed in older adults, whereas
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younger adults are also susceptible to frailty. Most
studies reporting frailty, however, include adults
above 65 years of age and sometimes even higher,
limiting the generalizability of the evidence in the
frail younger population.29

In terms of treatment strategies, this study
revealed that frailty during AMI-CS hospitalization
was associated with a lower likelihood of receiving
coronary artery revascularization (47.4% vs 68.6%,
P < 0.001) or MCS (34.0% vs 42.1%, P < 0.001).
Consistent with prior research, the CONCORDANCE
and ACTION registries demonstrated that older adults
with frailty and AMI-CS had a lower likelihood of
receiving invasive cardiac care (ie, percutaneous
coronary intervention), as low as 6%.20,30-32 Inter-
estingly, in the current study, among the frail group,
those who underwent coronary artery revasculariza-
tion had lower hospital mortality compared to those
who did not (aOR: 0.44, 95% CI: 0.42-0.46, P < 0.001).
Other studies similarly demonstrated benefit, a 21%
reduction in mortality rates among those who
received revascularization.33-36 Regarding MCS, it is
unsurprising that frail adults are managed more
conservatively. Although it is uncertain whether MCS
can decrease long-term mortality rates as well as
reverse frailty, this study noted a hospital mortality
benefit in the frail group who had MCS (aOR: 0.91,
95% CI: 0.87-0.96, P < 0.001), which was not seen in
the nonfrail group. Most landmark trials have
excluded frail adults, such as in the EURO-SHOCK, or
failed to measure and/or report frailty with their in-
terventions.37 Therefore, the precise impact of given
therapies on frail populations remains unclear.

STUDY LIMITATIONS. There are several limitations to
this study. This is a retrospective analysis, which is
prone to bias and confounders. The data used in the
study is based on an administrative dataset, which
has inherent limitations. The HFRS is based on ICD
codes, which may result in inaccurate coding and



FIGURE 3 Spline Curves Showing Association of HFRS With in-Hospital Outcomes

The spline curves illustrate the correlation between HFRS and log-odds of various adverse in-hospital outcomes. AKI ¼ acute kidney injury; DNR ¼ do not resuscitate;

GIH ¼ gastrointestinal hemorrhage; ICH ¼ intracranial hemorrhage; MCS ¼ mechanical circulatory support; SNF ¼ skilled nursing facility.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE: AMI-CS is associated with

high morbidity and mortality. Frailty is a common comorbidity

present during hospitalization for AMI-CS and is associated with

less revascularization and MCS use.

TRANSLATIONAL OUTLOOK IMPLICATIONS: When pre-

sented with AMI-CS, frailty is associated with worse outcomes.

Future research targeting frailty during hospitalization for AMI-

CS is needed.

J A C C : A D V A N C E S , V O L . 3 , N O . 6 , 2 0 2 4 Jamil et al
J U N E 2 0 2 4 : 1 0 0 9 4 9 Frailty and Cardiogenic Shock

9

inaccuracies in the diagnosis of frailty.13,38 Patients
with CS are historically not reported in cardiovascular
quality improvement registries, and markers of frailty
are also not reported. Therefore, national datasets
such as the HCUP provide a unique opportunity to
complete these analyses. Although the frailty score
utilized in this study, known as the HFRS, has been
validated and demonstrated a reasonable degree of
overlap with the Fried and Rockwood Frailty Index
and shows consistent correlations with frailty indices
in other studies.13,39 While HFRS has shown valida-
tion in acute illness across various patient subsets,
establishing associations with factors such as level of
independence, functional impairment, QoL, mortal-
ity, length of stay, and hospital admission, it is
important to note that several other essential ele-
ments, such as polypharmacy, mobility, sarcopenia,
and hand grip strength, are not accounted for in the
score.13,40 A notable gap exists in standardized frailty
assessment during acute cardiovascular illness,
which may not accurately represent a patient’s true
frailty level, particularly in cases of critical illnesses
like CS, and the timing for evaluating and diagnosing
frailty remains elusive. We were only able to assess
in-hospital mortality and do not have data on longer-
term outcomes that may be relevant, particularly for
younger frail individuals. Finally, shared decision-
making between clinicians and patients was not
captured, potentially leading to selection bias as to
whether patients who underwent conservative man-
agement did so due to their frailty, multimorbidity,
ineligibility, or patient preferences.

CONCLUSIONS

In this nationally representative sample of hospitali-
zations for AMI-CS, frailty was common and had
increased from 2016 to 2020. The presence of frailty
was associated with less revascularization and MCS
use. Interventions that directly target frailty should
be studied to explore their benefit during AMI-CS
hospitalizations.
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