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Abstract

Objective: To evaluate outcomes by sex in older adults with cardiogenic shock complicating
acute myocardial infarction (AMI-CS).

Materials and Methods: A retrospective cohort of older (=75 years) AMI-CS admissions
during January 1, 2000, to December 31, 2014, was identified using the National Inpatient
Sample. Interhospital transfers were excluded. Use of angiography, percutaneous coronary
intervention (PCI), mechanical circulatory support (MCS), and noncardiac interventions was
identified. The primary outcome was in-hospital mortality stratified by sex, and secondary
outcomes included temporal trends of prevalence, in-hospital mortality, use of cardiac and
noncardiac interventions, hospitalization costs, and length of stay.

Results: In this 15-year period, there were 134,501 AMI-CS admissions 75 years or older, of
whom 51.5% (n=69,220) were women. WWomen were on average older, were more often Hispanic
or nonwhite race, and had lower comorbidity, acute organ failure, and concomitant cardiac arrest.
Compared with older men (n=65,281), older women (n=69,220) had lower use of coronary
angiography (55.4% [n=35,905] vs 49.2% [n=33,918]), PCI (36.3% [n=23,501] vs 34.4%
[n=23,535]), MCS (34.3% [n=22,391] vs 27.2% [n=18,689]), mechanical ventilation, and
hemodialysis (all A<.001). Female sex was an independent predictor of higher in-hospital
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mortality (adjusted odds ratio, 1.05; 95% CI, 1.02-1.08; £<.001) and more frequent discharges to
a skilled nursing facility. In subgroup analyses of ethnicity, presence of cardiac arrest, and those
receiving PCI and MCS, female sex remained an independent predictor of increased mortality.

Conclusion: Female sex is an independent predictor of worse in-hospital outcomes in older
adults with AMI-CS in the United States.

Acute myocardial infarction (AMI) continues to be a leading cardiovascular emergency and
continues to be associated with high mortality in older adults in the United States.1~6
Compared with an overall prevalence of less than 5% in all-comers with AMI, cardiogenic
shock (CS) is more frequent in the older adult population.27-10 Despite the widespread use
of percutaneous coronary intervention (PCI) and improvements in the delivery of acute
cardiovascular care, AMI-CS in older adults is associated with in-hospital mortality in
excess of 50% in the contemporary era.3 Older adults have been infrequently studied in
AMI-CS studies, perhaps due to the perceived lack of benefit from revascularization in the
seminal SHOCK (Should We Emergently Revascularize Occluded Coronaries for
Cardiogenic Shock) trial.1! Older adults constitute a vulnerable population due to a
combination of comorbid conditions, polypharmacy, and bleeding risks resulting in poor
overall outcomes.12

In addition to age-associated health care disparities, older patients frequently face challenges
due to other demographic factors, such as race/ethnicity, sex, and gender, which is seen
across all age groups.13-1° Prior research in the field of health care delivery has shown
pervasive sex and gender disparities in acute cardiovascular care.16:17 It is conceivable that
similar disparities exist in older adults presenting with AMI-CS; however, there is a paucity
of data in this field.18 Older women frequently present at an older age, with atypical
symptoms and more high-risk presentations than men.19 This study sought to assess the
disparities by sex in the clinical outcomes of older patients (aged =75 years) admitted with
AMI-CS. We hypothesized that female sex would be associated with lower use of evidence-
based therapies and worse in-hospital outcomes. Furthermore, we hypothesized that these
differences would be associated with worse outcomes across subgroups stratified by race/
ethnicity, type of AMI, and illness severity.

MATERIAL AND METHODS

Study Population, Variables, and Outcomes

The National (Nationwide) Inpatient Sample (NIS) is the largest all-payer database of
hospitalized inpatients in the United States. The NIS contains discharge data from a 20%
stratified sample of nonfederal hospitals and is a part of the Healthcare Cost and Utilization
Project (HCUP), sponsored by the Agency for Healthcare Research and Quality.2? For each
admission to the hospital, the NIS database includes demographic characteristics, primary
payer, hospital characteristics, principal diagnosis, up to 24 secondary diagnoses, and
procedural diagnoses. The details of this database and methodology used by our group have
been described previously.2:4-9.21-29

Using HCUP-NIS data from January 1, 2000, to December 31, 2014, a retrospective cohort
study of admissions with AMI-CS 75 years and older were identified. AMI in the primary

Mayo Clin Proc. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vallabhajosyula et al.

Page 3

procedure field was identified using /nternational Classification of Diseases, Ninth Revision,
Clinical Modification (1CD-9-CM) codes for ST-elevation myocardial infarction (STEMI;
1CD-9-CM codes 410.1x-410.6x, 410.8x, and 410.9x) and non-STEMI (/CD-9-CM codes
410.70-410.79).30 Cardiogenic shock was identified using /CD-9-CM code 785.51 and was
defined as shock resulting from diminution of cardiac output in heart disease; shock
resulting from primary failure of the heart in its pumping function, as in myocardial
infarction, severe cardiomyopathy, or mechanical obstruction or compression of the heart; or
shock resulting from the failure of the heart to maintain adequate output.3! Validation
studies have shown specificity of 99.3%, sensitivity of 59.8%, positive predictive value of
78.8%, and negative predictive value of 98.1% for /CD-9-CM code 785.51 to identify CS.3!
Admissions with CS due to non-AMI cause, younger than 75 years, interhospital transfers,
and those without documented sex or in-hospital mortality were excluded.

Using previously validated methods, demographic details, hospital characteristics, use of
coronary angiography, PCI, mechanical circulatory support (MCS), invasive hemodynamic
monitoring (pulmonary artery catheterization or right heart catheterization), acute
noncardiac organ failure, mechanical ventilation, and hemodialysis associated with each
discharge were identified from the HCUP-NIS database (Supplemental Tables 1 and 2,
available online at http://www.mayoclinicproceedings.org).2:7-9:21-24.29 The modification of
the Charlson Comorbidity Index by Deyo et al32 was used to identify the burden of
comorbid diseases. Percutaneous MCS in this study refers to either the use of an Impella

(AbioMed, Danvers, MA) or a TandemHeart (Cardiac Assist Inc, Pittsburgh, PA) device.
21,22,26,27

The primary outcome was in-hospital mortality. Secondary outcomes included temporal
trends in the prevalence of CS in all AMI admissions; in-hospital mortality; use of MCS,
PCI, and invasive hemodynamic monitoring; hospitalization costs; length of hospital stay;
and discharge disposition in older AMI-CS admissions.

Statistical Analyses

As recommended by HCUP-NIS, survey procedures using weighted discharges provided
with the HCUP-NIS database were used to generate national estimates. Using the weighted
trends provided by HCUP-NIS, samples from 2000 to 2011 were re-weighted to adjust for
the 2012 HCUP-NIS redesign.33 The new sampling strategy is expected to result in more
precise estimates than the previous HCUP-NIS design by reducing sampling error.2% Chi-
square and ftests were used to compare categorical and continuous variables, respectively.
The inherent restrictions of the HCUP-NIS database related to research design, data
interpretation, and data analysis were reviewed and addressed.3# Pertinent considerations
included not assessing individual hospital-level volumes (due to the changes to sampling
design detailed), treating each entry as an “admission” as opposed to individual patients,
restricting study details to inpatient factors because HCUP-NIS does not include outpatient
data, and limiting administrative codes to those previously validated and used for similar
studies.

Logistic regression was used to examine the odds of CS prevalence by year of presentation
in admissions with AMI using 2000 as the referent. Models were adjusted for race/ethnicity,
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comorbid conditions, primary payer, socioeconomic status, and hospital characteristics.
Logistic regression was used to examine the odds of in-hospital mortality by year of
presentation in admissions with AMI-CS using 2000 as the referent. Models were adjusted
for race/ethnicity, admission year, primary payer status, socioeconomic stratum, hospital
characteristics, comorbid conditions, AMI type, acute organ failure, cardiac arrest, and
cardiac and noncardiac procedures. Results were presented as odds ratio (OR) with 95% CI.
For multivariate modeling, purposeful selection of statistically (£<.20) and a priori selected
clinically relevant variables was conducted. A priori subgroup analyses were performed for
race, presence of cardiac arrest, type of AMI, and use of PCI and MCS. All statistical
analyses were performed using SPSS, version 25.0 (IBM Corp).

From January 1, 2000, to December 31, 2014, a total of 9,747,034 admissions with a
primary diagnosis of AMI were identified, of which 444,253 (4.6%) developed CS. After
excluding admissions younger than 75 years, interhospital transfers, and those without
available sex data, a final study population of 134,501 (30.3%) admissions was included.
Women comprised 69,220 (51.5%) of the included admissions, and baseline characteristics
of the 2 cohorts are presented in Table 1. Compared with men, women were more likely to
be older, be of Hispanic or nonwhite race, and have lower comorbidity. Older women had a
lower frequency of noncardiac organ failure and concomitant cardiac arrest (Table 1).
Coronary angiography, PCI, surgical revascularization, MCS and mechanical ventilation,
and acute hemodialysis were used less frequently in older adult women compared with men
(Table 1).

The 15-year unadjusted and adjusted temporal trends of the proportion of AMI admissions
complicated by CS are presented in Figure 1A and 1B. There was a steady increase in the
proportion of AMI admissions with CS during the 15-year study period. Older women were
more likely to be admitted to rural and small hospitals as compared with older men. The 15-
year temporal trends of hospital-level variation in older men and women are presented in the
Supplemental Figure (available online at http://www.mayoclinicproceedings.org). The
distribution of admissions by hospital type, size, and location over time were similar in men
and women. ST-segment-elevation AMI-CS was the predominant cause, with higher
frequency in women compared with men (66% [45,685 of 69,220] vs 60.5% [39,495 of
65,281]; A<.001). Compared with older men, women were less likely to have coronary
angiography, PCI, invasive hemodynamic monitoring, and MCS performed over the 15-year
study period (Table 1; Figure 2).

Compared with older men, older women had higher unadjusted in-hospital mortality (56.6%
[39,179 of 69,220] vs 55.1% [35,970 of 65,281]; unadjusted OR, 1.06; 95% CI, 1.04-1.09;
F<.001). The 15-year unadjusted and adjusted temporal trends of in-hospital mortality in
AMI-CS stratified by sex are presented in Figure 1C and D. Despite significant decreases in
in-hospital mortality over time in both men and women, after adjustment for potential
confounders, women had significantly higher in-hospital mortality than men throughout the
study period. In a multivariable logistic regression for in-hospital mortality in older AMI-CS
admissions, female sex was an independent predictor of higher in-hospital mortality (OR,
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1.05; 95% ClI, 1.02-1.08; A<.001; Supplemental Table 3, available online at http://
www.mayoclinicproceedings.org). Older women had shorter hospital lengths of stay, had
lower hospitalization costs, and were discharged less frequently to home and more
frequently to a skilled nursing facility (Table 2).

The adjusted in-hospital mortality for older women compared with older adult men in
prespecified subgroups stratified by race/ethnicity, presence of cardiac arrest, type of AMI,
and use of PCI and MCS is presented in Figure 3. Female sex was an independent predictor
of in-hospital mortality in admissions among Hispanics and nonwhite race (OR, 1.07; 95%
Cl, 1.03-1.12; F<.001), those with cardiac arrest (OR, 1.09; 95% ClI, 1.03-1.16; A<.001)
and STEMI-CS (OR, 1.09; 95% CI, 1.06-1.13; /<.001), and in cohorts receiving PCI (OR,
1.08; 95% CI, 1.03-1.12; A<.001) and MCS (OR, 1.11; 95% ClI, 1.07-1.16; A<.001).

DISCUSSION

In this 15-year national study of older AMI-CS admissions, we observed that women were
more likely to be older, be Hispanic or nonwhite race, have lower comorbidity, and have
lower frequency of noncardiac organ failure and cardiac arrest compared with men. Despite
this and the fact that female sex was an independent predictor of in-hospital hospital
mortality and posthospitalization resource utilization in older AMI-CS admissions, older
women consistently underwent less frequent coronary angiography, PCI, invasive
hemodynamic monitoring, and use of MCS during this 15-year period. Despite a steady
decrease in the in-hospital mortality during the study period, adjusted trends showed
consistently higher in-hospital mortality in women compared with men.

Though the overall mortality from AMI-CS has decreased during the last few decades, there
remain significant challenges and opportunities for improvement in this population.2 As
noted previously, patient and hospital-specific demographic factors continue to be associated
with differences in clinical outcomes in this population.”-%29 Our data are consistent with
prior studies that demonstrate high mortality and morbidity in older patients with AMI-CS.
3.12,18,35-37 Though older patients are known to benefit from early angiography in AMI with
or without CS, the uptake of angiography and PCI in this population is significantly lower
due to concerns for higher rates of bleeding and other complications.38-3

Additionally, patient preference and perceived benefit by the patient, family, and
practitioners, as well as unmeasured factors such as frailty and other comorbid conditions,
may contribute to the decreased use of invasive interventions. Using the HCUP-NIS
database from 1999 to 2013, Damluji et al3 showed that use of PCI was associated with
higher survival to hospital discharge and more discharges to home in older admissions with
AMI-CS. These results were also confirmed in the SHOCK Registry data despite the stated
lack of benefit from revascularization (PCI or surgical) noted in the SHOCK trial.40

Though not the focus in this study, our study is consistent with improved survival associated
with PCI in this population of older AMI-CS admissions (adjusted OR, 0.65; 95% CI, 0.62—
0.67; A<.001). In addition to PCI, older patients frequently receive delayed revascularization
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and lower rates of guideline-directed medical therapy during and after the acute care
hospitalization.*!

However, because this study was focused on older patients, we did not compare this cohort
with the population younger than 75 years. It is conceivable that older patients have more
frequent treatment-limiting decisions and higher rates of adverse effects and lower cognitive
support that might further contribute to these disparities and lead to worse clinical outcomes.
These patients frequently need careful decision making with the involvement of
multidisciplinary care teams, including specialists from palliative care, to develop

individualized care plans involving the use of cardiac, respiratory, and renal support
therapies.2:9:21,22.24,42-45

In addition to these challenges associated with advanced age, our study provides further
information on the concomitant sex- and gender-based differences in these older patients.
Prior work in the field of AMI have noted women to have lower use of revascularization,
lower use of guideline-directed medical therapy, and worse in-hospital outcomes.*6-50 |n
comparison to AMI, there are limited data on the AMI-CS population. In a population
database from Ontario, Abdel-Qadir et al3 noted that women with AMI-CS frequently
presented to non-PCl-capable centers and were less likely to be transferred to PCl-capable
centers. In all-comers with AMI-CS, the French Registry of Acute ST-Elevation or Non-ST-
Elevation Myocardial Infarction registry did not show differences in clinical outcomes
stratified by sex.51 However, the use of PCI was associated with a survival benefit in women
as compared with men.

Given the retrospective nature of this registry, further dedicated trials are needed to
understand this phenomenon in a prospective manner. Using the Catheter-Based Ventricular
Assist Device registry, Joseph et al®2 showed women with AMI-CS to benefit from early
initiation of percutaneous MCS. Consistent with these data, we note that older women were
more likely to be admitted to rural and smaller hospitals, which have worse associated in-
hospital outcomes in AMI-CS.” Furthermore, our study confirms lower use of coronary
angiography and PCI in older women as compared with men, both of which have been noted
to be independently associated with higher in-hospital survival in this study. Though the
temporal trends show a significant increase in the use of these therapies, there remain
persistent sex-based disparities.

Furthermore, our study provides incremental insights into the use of percutaneous MCS and
invasive hemodynamic monitoring devices.21:22.26.27.42-45.53 Degpite the lack of survival
benefit with these technologies, there is higher adoption of these devices in men compared
with women.>* This may partly be explained by the higher severity of illness and greater
rates of organ failure noted in older men compared with women.®® Alternately, it is possible
that men experienced greater hemodynamic instability during and after the index PCI,
resulting in a greater need for these hemodynamic adjuncts.>2 Given the higher average age
at admission in women, it is possible that they had greater treatment-limiting decisions
resulting in the reduced use of organ support therapies.®
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Last, women had higher use of posthospitalization nursing facilities, suggestive of continued
higher use of health care resources after the index hospitalization.® Furthermore, this
posthospitalization use of health care facilities is potentially associated with loss of
independence and affects quality of life after admission.5” This may suggest that more
aggressive early therapy in women may result in lower need for subsequent care. Though we
have achieved significant success in decreasing the in-hospital mortality in AMI-CS, it is
crucial that we continue to seek incremental gains by addressing easily identifiable risk
factors (such as sex) and use the information in guiding treatment strategies.

In an exploratory subgroup analysis, we identified multiple subgroups in which female sex
was associated with worse in-hospital mortality. Consistent with similar literature from other
AM I studies, Hispanic and nonwhite women had higher in-hospital mortality.4” It appears
that age, sex, and race/ethnicity are all independent correlates of worse in-hospital mortality
and are worthy of further evaluation in dedicated studies in AMI-CS populations. Women
not receiving PCI or MCS support had similar outcomes compared with older men, which
might allude to predetermined life-limiting decisions. Last, women with higher acuity of
illness as noted by the use of MCS and concomitant cardiac arrest had worse outcomes
compared with men. These individual subgroups are hypothesis generating and will likely
aid in identification of vulnerable populations to better evaluate disparities in health care
delivery.

This study has several limitations despite the HCUP-NIS database’s attempts to mitigate
potential errors by using internal and external quality control measures. The /CD-9-CM
codes for AMI and CS have been previously validated, which reduces the inherent errors in
the study.30-31 The HCUP-NIS registry does not distinguish sex from gender and gender
identity, which remains an important limitation of this analysis.>® Important factors such as
the delay in presentation from time of onset of AMI symptoms, timing of CS, reasons for
not receiving aggressive medical care, timing of multiorgan failure, and treatment-limiting
decisions of organ support could not be reliably identified in this database. It is possible that
despite best attempts at controlling for confounders by a multivariate analysis, female sex
was a marker of greater illness severity due to residual confounding. Echocardiographic
data, angiographic variables, and hemodynamic parameters were unavailable in this
database, which limits physiologic assessments of disease severity. Despite these limitations,
this study addresses an important knowledge gap highlighting the differences in outcomes in
older women compared with men in a 15-year AMI-CS population.

CONCLUSION

In older adults (aged =75 years) with AMI-CS, this study noted female sex to be a predictor
of worse in-hospital outcomes. There remain significant sex and gender disparities in the
management and outcomes. Older women had lower acuity of illness, lower use of
angiography and PCI, and higher in-hospital mortality. Further quantitative and qualitative
research is needed in these vulnerable populations to aid in the delivery of equitable service
in acute cardiovascular care.
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FIGURE 1.
Trends in the prevalence and in-hospital mortality in older acute myocardial infarction with

cardiogenic shock (AMI-CS) admissions stratified by sex. A, Unadjusted temporal trends of
the proportion of AMI admissions with CS stratified by sex (A<.001 for trend over time). B,
Adjusted odds ratio for admission with AMI-CS by year with 2000 as the referent; adjusted
for race/ethnicity, comorbid conditions, primary payer, socioeconomic status, and hospital
characteristics (P<.001 for trend over time). C, Unadjusted in-hospital mortality in AMI-CS
by year of admission, stratified by sex (P<.001 for trend over time). D, Adjusted multivariate
logistic regression for in-hospital mortality temporal trends with 2000 as referent year;
adjusted for race/ethnicity, admission year, primary payer status, socioeconomic stratum,
hospital characteristics, comorbid conditions, AMI type, acute organ failure, cardiac arrest,
and cardiac and noncardiac procedures (£<.001 for trend over time).
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Fifteen-year trends in the use of (A) coronary angiography, (B) percutaneous coronary
intervention (PCI), (C) invasive hemodynamic monitoring (IHDM), and (D) mechanical
circulatory support (MCS) in older acute myocardial infarction with cardiogenic shock
(AMI-CS) admissions stratified by sex. All A<.001 for trend over time.
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FIGURE 3.
Multivariate predictors of in-hospital mortality in older women with acute myocardial

infarction with cardiogenic shock (AMI-CS) compared with older men. Multivariable
adjusted odds ratios (95% Cls)* for in-hospital mortality in women stratified by race/
ethnicity (non-Hispanic white/all other races/ethnicities), timing of cardiac arrest, type of
AMI, performance of percutaneous coronary intervention (PCI) and mechanical circulatory
support (MCS) use; all A<.001. *Adjusted for race/ethnicity, year of admission, primary
payer, socioeconomic status, hospital location/teaching status, hospital bed size, hospital
region, comorbid conditions, type of AMI, acute organ failure, cardiac arrest, coronary
angiography, PCI, invasive hemodynamic monitoring, MCS, mechanical ventilation, and
hemodialysis. NSTEMI = non-ST-elevation myocardial infarction; STEMI = ST-elevation
myocardial infarction.
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