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Abstract

Aims: We analyzed the impact of frailty on readmission rates for ST-elevated myocardial
infarctions (STEMISs) and the utilization of percutaneous coronary intervention (PCI) in STEMI
admissions.

Methods and Results: The 2016-2019 Nationwide Readmission Database was analyzed for
patients admitted with an acute STEMI. Patients were categorized by frailty risk and analyzed
for 30-day readmission risk after acute STEMIs, PCI utilization and outcomes, and healthcare
resource utilization.

Qualifying index admissions were found in 584,918 visits. Low risk frailty was noted in 78.20%,
intermediate risk in 20.67%, and high risk in 1.14% of admissions. Thirtyday readmissions
occurred in 7.74% of index admissions, increasing with frailty (p < 0.001). Readmission risk
increased with frailty, 1.37 times with intermediate and 1.21 times with high-risk frailty.

PCI was performed in 86.40% of low-risk, 66.03% of intermediate-risk, and 58.90% of high-risk
patients (0 < 0.001). Intermediate patients were 55.02% less likely and high-risk patients were
61.26% less likely to undergo PCI (p < 0.001). Length of stay means for index admissions were
2.96, 7.83, and 16.32 days for low, intermediate, and high-risk groups. Intermediate and high-risk
frailty had longer length of stay, higher total cost, and were more likely to be discharged to a
skilled facility (o< 0.001).

Conclusion: Among adult, all-payer inpatient visits, frailty discerned by the hospital frailty risk
score was associated with increased readmissions, increased healthcare resource utilization, and
lower PCI administration.
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1| INTRODUCTION

Frailty is a dynamic clinical syndrome marked by limitation of physiological reserve leading
to impairment in physical and mental performance.1~3 Rising life expectancy and an aging
population have front lined the burden of comorbid cardiovascular conditions and their
implications on healthcare’s resources and outcomes.* Many studies have shown frailty to
be independently associated with cardiovascular hospitalization, falls, morbidity, and long-
term mortality, independent of age, comorbidity, or disability.1:6-% Consequently, interest has
risen in outcomes associated with frailty.

Frailty is increasingly recognized as an essential assessment tool in perioperative evaluation
for patients undergoing invasive procedures and determining cardiovascular outcomes,10-11
Frailty is associated with single and multivessel coronary artery diseasel2-13 and has been
identified as an independent predictor of mortality and morbidity in this population.141®
Compared with non-frail counterparts, frailty is associated with extended hospital stays and
increased hospitalization index costs, especially after percutaneous coronary intervention
(PCI).12.16.17 However, the impact of frailty in healthcare utilization and outcomes may be
underestimated, as frail patients are more likely to be excluded from clinical trials.18

Previously, a visually subjective Canadian study of health and aging clinical frailty scale
(CFS) has shown to predict outcomes in ST-elevated myocardial infarctions (STEMI)
patients undergoing PCI.19:20 However, given the subjective nature of the CFS, it is

prone to observer variability bias. Additionally, lower sample size in these prior studies
limits generalizability of results to the national population. We used the hospital frailty
risk score (HFRS), an advantageous method, developed and validated by Gilbert et al.,°
using administrative data to predict 30-day outcomes, 0 that can be easily implemented
into electronic medical record systems. The HFRS has been validated against the Fried
Phenotype and the Rockwood frailty index,21:22 despite requiring fewer resources for
implementation, and has shown significant predictive capabilities in the United States of
America, Canada, the United Kingdom, and Australia.1%:23.24 Frailty has been identified
as a strong independent factor in reinfarction, in-hospital mortality, and 30-day mortality
for patients experiencing myocardial infarctions?® and has also shown implications in
pneumonia, heart failure, acute coronary syndrome, valvular replacement, and noncardiac
etiologies.26-28 The Healthcare Cost and Utilization Project’s (HCUP) National Inpatient
Sample (N1S) and Nationwide Readmission Databases (NRD)Z® have been analyzed

to determine the effect of frailty on inflammatory bowel diseases, 6 heart failure,
transcatheter aortic valve implantations,?” and hepatocellular carcinoma.30 Recent literature
has also highlighted the benefit of PCI in frail population using the NIS.21 Our study
adds to this important finding by analyzing the NRD to determine the impact of frailty on
readmissions in acute STEMI patients undergoing PCI. We aimed to determine the influence
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of frailty on readmission rates for acute STEMIs, PCI implementation, and healthcare
utilization.

2| METHODS

We performed a retrospective cohort study utilizing the NRD from the Agency for
Healthcare Research and Quality’s HCUP database from 2016 to 2019. The NRD is a
database of inpatient admissions and readmissions representing about 60% of all-payer
hospitalizations in the United States population.3! International Classification of Diseases,
Tenth Revision (ICD-10) codes were used to identify diagnoses and procedures. Patients
were included in the study if they were at least 18 years of age with a nonelective
admission for an acute STEMI between January and November. Acute STEMI was defined
as admissions with the primary diagnosis ICD-10-CM code 121.0x, 121.1x, 121.2x, or 121.3.
Patients were excluded if admitted in December to track 30-day readmission rates.

Frailty was identified by employing methodology described by Gilbert et al.19 ICD-10 codes
and weights used in calculating the frailty score can be found in Supporting Information:
Table 1. Frailty scores were categorized as low (<5), intermediate (5-15), and high (>15),
based on the methods in Gilbert’s hospital frailty score.19

Readmissions were identified using the unique identifier “nrd_visitlink.” Readmissions were
included if they occurred after an index admission, met the inclusion criteria, and were
within 30 days. Readmissions were excluded if related to a traumatic injury. Inherently,
patients who died during the index hospitalization were excluded. Patients with multiple
readmissions had their primary and subsequent readmissions identified and separated for
analysis. Time to readmission was calculated from the day of index admission discharge to
the day of readmission.

Patient demographics present on admission were obtained from reported data. The
Elixhauser and Charlson comorbidity software by Quan et al.3233 is a user-available
program utilized to classify comorbidities. Additional comorbidities and admission-related
procedures were identified using unique ICD-10 codes, listed in Supporting Information:
Table 2.

Missing data were examined quantitatively and plotted for visualization. Little’s test was
used to determine if data were missing completely at random (MCAR) with significance

at p< 0.05. Data were also analyzed using the covariate-dependent missingness (CDM)
assumption, an extension of Little’s test, accounting for covariates and unequal variances.3*
Variables with more than 2% missing data that failed Little’s MCAR and CDM testing
underwent multiple imputations (25 data sets) for sensitivity analysis.3°

The effect of frailty was analyzed for the following endpoints: 30-day readmissions

after acute STEMIs, PCI utilization and outcomes, and healthcare resource utilization.
Descriptive trends of admissions were also described. Statistical analysis was performed
using Stata 17. National estimates were obtained using discharge weights supplied by
HCUP. In concordance with the inferential nature of complex survey statistics, categorical
variables are presented as mean percentages with 95% confidence intervals (Cl), and
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continuous variables are presented as means with accompanying standard errors. Pearson’s
Xz tests were used to compare categorical variables. Kaplan—Meier estimates compared
survival rates between the three cohorts. Cox proportion regression analyses determined
predictors of inpatient mortality. Multivariate regression analyses evaluated the effect of
frailty and confounding independent variables on outcomes. Annual hospital procedural
volumes were determined using the weighted quantity of PCls by unique hospital identifier;
hospital volume status was divided into quintiles based on relative procedural volumes per
analyzed year. The incidence of a primary or prior PCI could not be determined due to the
inherent nature of the NRD. Correlation of variables and marginal prediction was assessed
for frailty score, age, and Elixhauser comorbidities. The study was determined to be exempt
from Institutional Review Board review. Study design with cohort separation and outcome
identification is presented in Figure 1. The data underlying this article were provided by
HCUP under license.

3| RESULTS

Baseline characteristics for 584,918 index admissions are included in Table 1. The
proportions of patients in the low-risk group were 78.20% (1 = 457,388), intermediate risk
20.67% (n=120,883), and high risk 1.14% (7= 6647). Mean age was 63.58 + 13.08 years
and 30.63% were female.

3.1| PCl use and outcomes

PCI was performed in 86.40% of low-risk, 66.03% of intermediate-risk, and 58.90% of
high-risk patients (p < 0.001). Intermediate patients were 55.02% less likely to undergo PCI
(95% CI: 53.71%-56.31%; p < 0.001), while high-risk patients were 61.26% less likely

to undergo PCI (95% ClI: 57.74%—64.48%; p < 0.001). Cox regression analysis revealed

an inpatient mortality hazard ratio 1.70 times higher (95% CI: 1.56-1.685; p < 0.001) for
intermediate risk, and 21.82% lower risk (95% CI: 8.28%-33.36%; p = 0.003) for high-risk,
compared to the low-risk frailty group. The Cox regression analysis is presented in Table 2.

PCI was associated with reduced all-cause in-hospital mortality in each frailty group (o

< 0.001, all) and significantly associated with reduced early readmissions in the low and
intermediate frailty groups. Supporting Information: Tables 3a, 3b, and 3c provide the
multivariate regression odds ratio for inpatient mortality and early readmission for each
frailty group; separate analyses are noted for any PCI, PCI by stent type and placement, and
coronary artery bypass grafting. Inpatient survival after PCI is compared to overall survival
by the Kaplan—Meier survival graph in Figure 2.

3.2 | Acute STEMI 30-day readmission

Thirty-day readmissions occurred in 7.74% of total index admissions, increasing with frailty
risk (p < 0.001), at 6.42%, 13.77%, and 14.83% for low, intermediate, and high-risk

groups, respectively. Multivariate regression showed that when compared to the low-risk
frailty patients, intermediate-risk frail patients were 1.37 times higher risk of readmission
(95% ClI: 1.32-1.43; p< 0.001), and high-risk frail patients were 1.21 times higher risk

of readmission (95% CI: 1.06-1.40; p= 0.005). The Kaplan—Meier readmission curve

Catheter Cardiovasc Interv. Author manuscript; available in PMC 2023 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heaton et al.

3.3

Page 5

representing readmission risk by frailty group is presented in Figure 3. After discharge to a
skilled facility, the adjusted odds of readmission were 1.20 (95% CI: 1.13-1.26; p< 0.001).
Early readmissions accounted for 41,670 visits, totaling 185,383 days at a total cost of
$584.26 million. The top 10 cause of readmissions are presented in Table 3.

Healthcare resource utilization

Length of stay means for index admissions were 2.96, 7.83, and 16.32 days for low,
intermediate, and high-risk groups (v < 0.001). Multivariate linear regression indicated 2.95
days longer stay for intermediate-risk (95% CI: 2.88-3.03; p < 0.001), and 10.43 days longer
for high risk (95% CI: 9.86-11.01; p< 0.001). Length of stay distribution by frailty group is
represented in Figure 4.

Total costs increased significantly as frailty risk increased (p < 0.001) and are listed in Table
4. Discharge to a skilled facility also increased significantly (p < 0.001) with increasing
frailty risk, 2.73% for low, 26.15% for intermediate, and 53.45% for high-risk. Multivariate
logistic regression showed intermediate-risk patients were 4.31 times more likely (95% CI:
4.11-4.51; p<0.001) and high risk 8.66 times more likely (95% ClI: 7.68-9.77; p< 0.001)
to be discharged to a skilled facility. Additional inpatient trends and outcome characteristics
are listed in Table 4.

4| DISCUSSION

Our study used a validated risk score model to examine frailty in acute myocardial
infarctions and has significant findings. Frailty is common amongst patients admitted

for AMI, with more than 1 in 5 patients being classified as intermediate or high risk.
Mortality was higher in intermediate and high-risk groups than in low risk. Frailty is also
associated with greater length of stays, total costs, and 30-day readmissions. Finally, frailty
is associated with lower utilization of PCI, which may be associated with the observed
increased in-hospital mortality.

PCI has been increasingly utilized in elderly patients admitted for an AMI from 2000 to
2016 (6% vs. 12%) with a concomitant 41% mortality reduction, despite frail patients being
less likely to undergo PCI (15% vs. 33%).26 Our work builds upon the important findings

by Borovac et al. depicting that frail patients, although less likely to undergo PCI, derived
significant benefit from it.2! Additionally, we included discharge disposition to a skilled care
facility in our study with an aim to minimize physician selection bias, that impacts decision
to perform PCI in frail patients. In our analysis, frail patients were also less likely to undergo
PCI yet still benefited from the intervention; in-hospital mortality was significantly reduced
for each frailty level, while readmission risk was reduced in low and intermediate groups. It
is unclear why our study revealed a higher in-patient mortality in the intermediate-risk group
compared with the highest-risk frailty group. A plausible explanation could be an increased
number of interventions for comorbidities, both cardiovascular and non-cardiovascular, in
the intermediate-risk frailty group, compared with the highest frailty group that could have
skewed this data. Additionally, underutilization of PCI in the highest frailty group may

have contributed to this finding. Noteworthily, all frailty groups benefitted from coronary
intervention, compared with medical management.
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A substantial finding of our analysis is the impact of frailty on healthcare utilization

and costs. The cost of index admissions was significantly higher in increasingly frail

groups, which may be difficult to control due to the increasing complexity of care

required. Nevertheless, extraordinary additional costs are incurred due to early readmissions,
which are more prominent in intermediate and high-risk frailty groups. This may unduly
penalize hospitals that care for higher populations of frail patients.36 In combination with a
postdischarge visiting service, an in-hospital multidisciplinary team may aid in identifying
those at risk of readmission and optimize care. Together, these services will assist in
reducing readmissions, healthcare costs, and provide better patient care.37:38

The utilization of frailty risk is recommended by international guidelines,3%40 which makes
the accessibility of routine data a significant advantage to determine the HFR score. It is
important to note that age is not well correlated with frailty (correlation coefficient 0.301,
p<0.001). The interaction between age and comorbidities’ correlation to frailty score is
visualized in Figure 5. Frailty’s relationship with age may be better correlated with frailty
subdomains, including physical, social, and cognitive, as described by Matsue et al. in

the FRAGILE-HF study“?; however, further studies will be needed to discriminate these
subdomains using a model based on administrative data.

The findings identified in this study contribute significantly to understanding AMI
outcomes. Our paper builds upon the work by Borovac et al. to utilize an all-payer
nationwide database, the NRD, by including patients less than 65 years of age admitted for
acute ST-elevated myocardial infarctions. Furthermore, we analyzed procedural outcomes
while accounting for contemporary factors. Since STEMIs are commonly managed with the
use of PCI, this finding is paramount. Given that the elderly frail population is less likely

to undergo an intervention, we aimed to investigate whether revascularization prevented
readmission rates in frail populations.

Further reviews are required to finalize a consensus on a broader acceptable definition

of frailty and its assessment. There is an unmet need to include frailty as a routine

risk assessment tool, especially in cardiovascular care and preoperative evaluation, given
wide-ranging implications on short- and long-term clinical outcomes.124041 Primary care
physicians should consider increased vigilance toward recognizing frailty as it is an
independent predictor of ED visits and hospitalizations.1” We suggest the involvement of
Geriatricians in multidisciplinary teams, as this may portend better outcomes for the frail
population.>42 Finally, more studies are needed to assess the feasibility and best practices
for treating this vulnerable population after discharge.43-46

Limitations

Our study has several limitations. First, admissions were identified using only the

primary diagnosis, consistent with best use methodologies provided by HCUP. This
accepted protocol ensures that only acute episodes of myocardial infarctions are identified.
Nonetheless, patients may be missed if their AMI occurred leading to admission but was
not listed as the first diagnosis. Second, due to the retrospective observational nature

of this study, residual confounders may be missed, and causality cannot be established.
Third, the NRD does not provide granular information, including medications, laboratory,
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or imaging results. Fourth, albeit previously validated, the HFRS could not be compared to
other validated frailty measures in our study due to these missing data elements. Fifth, as
comorbidities are identified using the presence of specific ICD-10 codes, the potential for
coding errors or missed coding may skew influence. Additionally, the inclusion of palliative
care consults, which may holistically affect the decision to perform PCI, was not a part our
study. The NRD also does not account for competing risk of mortality, that varies among
different frailty groups. This may underestimate the risk for readmission in patients who are
more likely to die postdischarge, Finally, the lack of discharge prescriptions and therapies
prevents identifying factors for readmission. This is particularly important in identifying
evidence-based therapies and their influence on readmission rates, though evidence suggests
no difference in the use of medication between frail and non-frail patients.*’

5| CONCLUSION

Among adult, all-payer inpatient visits, frailty discerned by the HFRS was associated

with increased readmissions, increased healthcare resource utilization, and lower PCI
administration. Future studies are needed to assess the impact of postdischarge compliance
on reducing risk and adverse outcomes. As population age continually increases, the burden
of frailty will become a significant priority. Utilizing the hospital frailty score provides an
improved prediction model for adverse outcomes, risk-benefit assessments of interventions,
and will allow for goal-oriented care of patients experiencing acute ST-elevated myocardial
infarctions.
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FIGURE 1.
Methodology. Criteria and methods of analysis. [Color figure can be viewed at
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Inpatient mortality risk during index admission. Risk of inpatient mortality by frailty and
PCI utilization. PCI, percutaneous coronary intervention.
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FIGURE 3.

Readmission by frailty risk. Readmission risk by frailty and PCI utilization. PCI,
percutaneous coronary intervention. [Color figure can be viewed at wileyonlinelibrary.com]
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Length of stay distribution. Mean length of stay by frailty risk status. [Color figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 5.
Relationship of age and comorbidities to frailty. Frailty risk in relation to age and Elixhauser

comorbidities. [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 3

Top 10 causes of readmission, overall (cardiovascular and non-cardiovascular).

Count
2883
1861
1856
1852
1621
1501
1266
1115
852
820

© © N o g &M 0w NP

=
o

Diagnosis
Hypertensive heart disease with heart failure
Non-ST-elevation (NSTEMI) myocardial infarction
Hypertensive heart and chronic kidney disease with heart failure
Unstable angina
Atherosclerotic heart disease of native coronary artery
Sepsis
Chest pain
Acute exacerbation of chronic heart failure with reduced ejection fraction
Subsequent non-ST-elevation (NSTEMI) myocardial infarction

ST-elevation (NSTEMI) myocardial infarction

Note: Most common diagnosis on readmission.

Abbreviation: STEMI, ST-elevated myocardial infarctions.
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