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Abstract

Background—The treatment of patients with acute myocardial infarction (AMI) was
transformed by the introduction of intensive care units (ICUs), yet we know little about how
contemporary hospitals employ this resource-intensive setting and whether higher use is associated
with better outcomes.

Methods—We identified 114,980 adult hospitalizations for AMI from 311 hospitals in the 2009-
10 Premier database using codes from the International Classification of Diseases, Ninth Revision,
Clinical Modification. Hospitals were stratified into quartiles by rates of ICU admission for AMI
patients. Across quartiles, we examined in-hospital risk-standardized mortality rates and usage
rates of critical care therapies for these patients.

Results—Rates of ICU admission for AMI patients varied markedly among hospitals (median
48%, Q1 20% to Q4 71%, range 0%-98%) and there was no association with in-hospital risk-
standardized mortality rates (6% all quartiles; p=0.7). However, hospitals admitting more AMI
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patients to the ICU were more likely to use critical care therapies overall (mechanical ventilation
[from Q1 with lowest rate of ICU use to Q4 with highest rate: 13% to 16%], vasopressors/
inotropes [17% to 21%)], intra-aortic balloon pumps [4% to 7%], and pulmonary artery catheters
[4% to 5%]; p for trend <0.05 in all comparisons).

Conclusions—Rates of ICU admission for patients with AMI vary substantially across hospitals
and were not associated with differences in mortality, but were associated with greater use of
critical care therapies. These findings suggest uncertainty about the appropriate use of this
resource-intensive setting and a need to optimize ICU triage for patients who will truly benefit.
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Introduction

Intensive care units (ICUs) transformed the care of patients with acute myocardial infarction
(AMI) at a time when few effective therapies were available. First developed in the 1960s,
ICUs introduced continuous electrocardiographic monitoring, resuscitative technologies, and
high staffing ratios.1:2 Their initial adoption improved outcomes for these patients in an era
when early death and complications were common.34 As a result, routine admission to an
ICU was quickly and widely accepted as the standard of care for most AMI patients, and
subsequently, was strongly endorsed by clinical practice guidelines.>6

However, given the marked evolution in the clinical care and evidence base for AMI, the
value of ICUs for many of these patients in contemporary practice warrants closer scrutiny.
Non-critical care wards now possess the capability to provide monitoring and advanced
therapies previously limited to ICUs.”-8 Simultaneously, the prognosis of AMI patients has
substantially improved as ST-segment elevation myocardial infarctions (STEMISs),
complications including shock and heart failure, and short-term mortality have all declined
with time, %14 raising questions about who benefits from ICU care. Finally, ICU care is not
only increasingly expensive, 1216 but also facilitates the implementation of resource-
intensive strategies that, while essential for some patients, may be discretionary in
others.17-19 |n part because of uncertainty about the marginal benefit of ICUs for many
patients, recent guidelines on AMI no longer contain specific recommendations on ICU
use.20:21 Meanwhile, little is known about how hospitals use this resource and whether
higher rates of ICU use are associated with better outcomes.

Accordingly, we sought to describe hospital variation in the use of ICUs and associated
outcomes for patients with AMI in a large contemporary sample of hospitals in the United
States. We hypothesized that large variations exist in rates of ICU use for these patients
across hospitals, but that these differences would not be associated with in-hospital
mortality. Further, we explored the relationship between hospital rates of ICU use and the
utilization of resource-intensive treatment strategies in the overall cohort of AMI patients
and the subset of these patients admitted to an ICU.
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Methods

Data Source

We conducted a retrospective cohort study using a voluntary, fee-supported database
maintained by Premier, Inc. for measuring quality and healthcare utilization. Through 2010,
the Premier database contained data on >324 million cumulative hospital discharges,
representing approximately 1 out of every 5 hospital discharges nationwide. In addition to
information available in standard hospital discharge files, this database contains a date-
stamped log of all billed items at the patient level including diagnostic tests, medications,
and therapeutic services. Patient data were de-identified in accordance with the Health
Insurance Portability and Accountability Act and a random hospital identifier assigned by
Premier was used to identify the hospitals. The Yale University Institutional Review Board
reviewed the study protocol and granted a waiver of informed consent for the use of this de-
identified database.

Study Population

We included hospitalizations from January 1, 2009 to December 31, 2010 for patients aged
18 years or older with a principal discharge diagnosis of AMI as defined by the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 410.xx,
excluding codes representing subsequent episodes of care (410.x2) and hospitalizations
involving transfers. Furthermore, we excluded hospitals with <25 admissions for AMI or no
ICU hospitalizations for AMI over the study period to decrease the likelihood of artifactual
findings from small sample sizes or the lack of an ICU as an option for hospitalized patients.

Study Variables

ICU Admission Rates—For each hospital, we identified the proportion of
hospitalizations for AMI that were directly admitted to an ICU. We defined direct admission
to an ICU as having a room and board charge for a medical, coronary, surgical, or general
ICU bed during the first hospital day. We also assessed ICU admission patterns among 4
distinct subgroups of hospitalizations for AMI: 1) STEMIs, 2) non-STEMIs (NSTEMISs), 3)
patients receiving revascularization therapy, and 4) patients not receiving revascularization
therapy. We chose to study variation further across these subgroups, as these patients may
differ in acuity of illness and/or monitoring needs. STEMI was identified using ICD-9-CM
codes 410.0X-410.8X (excluding 410.7X).2 NSTEMI was identified using ICD-9-CM code
410.7X.22 Revascularization therapy was defined as percutaneous coronary intervention
involving angioplasty or stent placement at any time during hospitalization, administration
of fibrinolytic therapy, or coronary artery bypass graft surgery.

Mortality—For each hospital, we calculated in-hospital all-cause risk-standardized
mortality rates for 1) all patients with AMI and 2) ICU patients with AMI, defined as the
subset of all patients with AMI directly admitted to an ICU.

Use of Critical Care Therapy—For each hospital, we calculated the use of critical care
therapies among 1) all patients with AMI and 2) ICU patients with AMI. For these
outcomes, we hypothesized that hospitals with higher rates of ICU use would be more likely
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to use critical care therapies in their overall cohort of AMI patients due to greater
discretionary use and a gatekeeper effect granting more patients access to such therapies. In
contrast, we postulated that such therapies would be less likely to be used in the ICU patient
subgroups due to a higher proportion of low-risk patients in the ICU. Critical care therapies
were defined as therapies for AMI which, in nearly all cases, would represent interventions
used in the ICU, including mechanical ventilation (excluding noninvasive positive pressure
ventilation), intravenous vasopressors or inotropes, intra-aortic balloon pumps, and/or
pulmonary artery catheters.

Statistical Analysis

Results for categorical variables are reported as percentages. All percentages were rounded
to the nearest percent. Percentages <0.5 were rounded to 0. Results for continuous variables
are reported with medians and interquartile ranges (IQRs). Hospitals were categorized into
quartiles based on the proportion of all hospitalizations for AMI admitted to an ICU, with
the top quartile (Q4) having the highest rates of admission. Hospital characteristics,
mortality, and treatments were assessed across quartiles.

For 1) all patients with AMI and 2) ICU patients with AMI, we calculated in-hospital risk-
standardized mortality rates for each hospital using hierarchical logistic regression,
employing methods that are used in the outcomes measures publicly reported by the Centers
for Medicare & Medicaid Services.23:24 We adjusted for patient characteristics including age
and comorbidities (Supplemental Table I) classified using the software provided by the
Healthcare Costs and Ultilization Project of the Agency for Healthcare Research and
Quality.25 Variables were selected using a stepwise algorithm. We examined the relationship
between ICU admission rates and risk-standardized mortality rates using a scatterplot and
compared mortality rates across quartiles. A Kruskal-Wallis test was used to assess
statistical significance. We then compared the rate of critical care therapy use across
quartiles. A Cochran-Armitage test for trend was used to assess statistical differences in
therapy use across quartiles. We considered p-values <0.05 as statistically significant.

Additionally, we performed a sensitivity analysis to examine whether results were dependent
on hospital patient volume. Analyses for ICU admission rates, mortality, and use of critical
care therapies were repeated in hospitals with 2258 AMI cases (median volume of our
sample) and =12 ICU cases per year. All analyses were conducted using SAS version 9.3
(SAS Institute Inc., Cary, NC). The GLIMMIX procedure was used to estimate the
hierarchical logistic models. We generated the figures with R version 2.9.1 (R Development
Core Team, Vienna, Austria).26

This study was funded by grant DF10-301 from the Patrick and Catherine Weldon Donaghue
Medical Research Foundation in West Hartford, CT; grant UL1 RR024139-06S1 from the
National Center for Advancing Translational Sciences in Bethesda, Maryland; and grant
U01 HL105270-05 (Center for Cardiovascular Outcomes Research at Yale University) from
the National Heart, Lung, and Blood Institute in Bethesda, MD. The content is solely the
responsibility of the authors and does not necessarily represent the official views of the
Donaghue Foundation or of the National Institutes of Health. The authors are solely
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responsible for the design and conduct of this study, all study analyses, the drafting and
editing of the paper, and its final contents.

Hospital Characteristics

We identified 114,136 hospitalizations for AMI in 307 hospitals over the 2-year study
period. Of these, 54,527 (48%) involved admission to an ICU on the first hospital day.
Among hospitals, the median bed size was 302 (IQR: 186,432), median 2-year volume of
hospitalizations for AMI was 258 (IQR: 84,539), and median 2-year volume of ICU
hospitalizations for AMI was 112 (IQR: 34,265). Hospitals tended to be located in the South
(39%), serve an urban population (83%), and identify as non-teaching (71%; Table I).
Across quartiles of ICU admission, hospitals had similar characteristics except that those
with the lowest ICU admission rates (Q1) were smaller (42% had <200 beds compared with
28%, 22%, and 20% in Q2, Q3, and Q4, respectively) and had a lower 2-year case volume of
AMIs (38% had <85 hospitalizations for AMI compared with 25%, 15% and 22% in Q2,
Q3, and Q4, respectively). Among patients, the proportion of hospitalizations for STEMI
ranged from 32% to 39% from Q1 to Q4, while the proportion of hospitalizations utilizing
revascularization therapy ranged from 44% to 51% (Table I1).

ICU Admission Rates

Mortality

The ICU admission rate for hospitalizations for AMI among hospitals varied markedly with
a range from 0% to 98% (median: 48%; IQR: 35-61%; Figure 1). Median ICU admission
rates across Q1 through Q4 were 20%, 41%, 55%, and 71%, respectively.

Among the subgroups, ICU admission rates also varied widely despite differences in median
ICU admission rates. The median ICU admission rate for patients with STEMI was 75%
(range 0-100%, Supplemental Figure 1) while the median rate for NSTEMIs was 35%
(range 0-96%, Supplemental Figure 2). The median ICU admission rate for patients who
received revascularization therapy was 67% (range 0-100%, Supplemental Figure 3) while
the median rate for patients who did not receive revascularization therapy was 38% (range
0-97%, Supplemental Figure 4).

There was no relationship between hospital ICU admission rates and in-hospital risk-
standardized mortality rates for all patients with AMI (Figure 2). Across quartiles of ICU
admission, there was no statistical difference in risk-standardized mortality rates (6.0%,
6.0%, 6.1%, and 5.9% in Q1, Q2, Q3, and Q4 respectively, p=0.7; Table IlI). For the
subgroup of ICU subgroup of ICU patients with AMI, in-hospital risk-standardized
mortality rates differed significantly among quartiles. The hospitals with the highest ICU
admission rates had the lowest mortality (6.5% in Q4) while lower ICU admission rates were
associated with higher mortality in ICU patients (7.1%, 7.9%, and 8.7% in Q3, Q2, and Q1,
respectively; p<0.01; Table I11). For the subgroup of non-1CU patients with AMI, there was
again no statistical difference in risk-standardized mortality rates across quartiles of ICU
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admission (4.5%, 4.6%, 4.4%, and 4.6% in Q1, Q2, Q3, and Q4 respectively, p=0.9; Table
).

Use of Critical Care Therapy

All Patients with AMI—The proportion of all patients with AMI utilizing critical care
therapies increased across quartiles of increasing hospital ICU admission rates. From Q1 to
Q4, there was a significantly increasing trend in the use of mechanical ventilation from 13%
to 16%, vasopressors or inotropes from 17% to 21%, intra-aortic balloon pumps from 4% to
7%, pulmonary artery catheters from 4% to %5, and any of the 4 therapies from 21% to 26%
(p<0.05 for all comparisons; Table 1V).

ICU Patients with AMI—Among the subgroup of ICU patients with AMI, there was a
significantly decreasing trend in the proportion of patients receiving critical care therapies
across quartiles of increasing ICU admission rates. From Q1 to Q4, there was a decrease in
the use of mechanical ventilation from 28% to 18%, vasopressors or inotropes from 35% to
24%, intra-aortic balloon pumps from 12% to 9%, pulmonary artery catheters from 6% to
5%, and any of the 4 therapies from 43% to 30% (p<0.01 for all comparisons; Table V).

Sensitivity Analysis—The sensitivity analysis, after excluding hospitals with <258 AMI
cases and <12 ICU admissions for AMI per year, continued to show wide variation in ICU
admission rates across hospitals (IQR 37%-61%), no significant difference in risk-
standardized in-hospital mortality rates across quartiles (p=0.7), and similar trends in critical
care therapy use (increasing trend among all patients with AMI; decreasing trend among
ICU patients with AMI; p<0.01 for both).

Discussion

We found that ICU admission rates for AMI varied substantially across hospitals but were
not associated with differences in overall mortality after accounting for case mix. Hospitals
admitting a greater percentage of AMI patients to the ICU were more likely to perform
invasive critical care interventions overall, but their use of these interventions and risk-
standardized mortality rates were significantly lower in the ICU subgroup of patients with
AMI. Together with the similar mortality rates seen in the overall group of patients with
AMI and the non-ICU subgroup of patients with AMI, these results suggest that at the
margin, hospitals admitting a larger proportion of patients to the ICU may be admitting a
group of patients with weaker indications for critical care therapies.

To our knowledge, this is the first study to examine hospital-level variation in ICU
utilization for AMI and its association with outcomes in such a large sample of hospitals.
Although critical care may be a lifesaving intervention for appropriate patients, it may not be
providing value for all patients. The decision to use an ICU is important not only because it
is resource intensive,1® but also because 1CUs potentially pose inherent risks for
patients.2’~2% Our findings suggest that we may not be optimally utilizing these highly
specialized resources.

Am Heart J. Author manuscript; available in PMC 2017 June 05.
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These findings highlight the decision to use an ICU for AMI patients as a potential target for
improvement. As early as 1987, Wagner noted a significant portion of the general ICU
population in hospitals were low-risk patients admitted for monitoring, of which only 4.3%
received any critical care treatments, and called for a reassessment of contemporary ICU
utilization to guide optimization of use.3% More than half of patients directly admitted to the
ICU have a 30-day mortality of 2% or less,3! and hospitals demonstrate significant variation
in their utilization of ICU care for all patients as well as for patients with specific conditions
such as acute decompensated heart failure and diabetic ketoacidosis.3134 We extend this
work to patients with AMI in a contemporary patient population. Compared with previous
work on heart failure patients and the overall patient population, AMI patients have a higher
median hospital ICU admission rate and wider variation across hospitals (IQR 35-61% for
AMI versus 6-16% for heart failure and 4.7-10% or 9-17% for all diagnoses).31-32 Such
differences suggest that patients with AMI account for a relatively higher cost and resource
burden on the overall healthcare system and high-admitting hospitals in particular,
highlighting the need to optimize utilization in this key population.

Our results suggest that variation across hospitals in ICU triage may be more due to hospital
factors rather than patient characteristics. For example, we found that patient demographics
and comorbidities were comparable across the 4 quartiles of hospitals. Wide variations in
rates of ICU admission across hospitalizations were identified in all patient subgroups. This
includes STEMI patients, NSTEMI patients, and patients who did and did not undergo
revascularization therapy, suggesting that no particular group was responsible for this
hospital-level variation. Our findings are consistent with previous literature for other
conditions suggesting that patient characteristics explain only a modest proportion of the
variation in ICU use.3! The lack of consistency in ICU use likely reflects a large
discretionary component that includes consideration of bed availability, patients’ wishes,
physician incentives, and differing beliefs about best practices,32:35.36

There are several possible explanations for our findings. Hospitals that admit a large
proportion of patients with AMI to the ICU may have lower thresholds for ICU admission,
and thereby use intensive care for lower risk patients who are less likely to have adverse
outcomes or need critical care therapies. Consistent with this hypothesis, we found a trend
that ICU patients with AMI were less likely to receive critical care interventions and had
lower mortality at higher-admitting hospitals, while overall and non-ICU mortality rates
remained similar. An alternative explanation may be that high-admitting hospitals are
improving patient outcomes with ICU admission and low-admitting hospitals may be
undertreating patients outside the ICU. However, this seems unlikely given that across
quartiles, patient characteristics were similar, and both overall and non-1ICU mortality rates
for AMI did not differ despite widely varying rates of ICU and critical care therapy use. If
low-admitting hospitals were inappropriately triaging patients who would have benefited
from ICU care, then non-ICU mortality rates would be significantly higher, which was not
the case.

Our results have important implications for health system leaders and policymakers seeking
to improve the efficiency of inpatient care. This pattern of care for AMI in high-admitting
hospitals—higher overall use of ICUs and critical care therapies across all patients combined
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with the lower use of critical care therapies per ICU patient—suggests an opportunity where
improving triage could enhance resource utilization without undermining outcomes.

Several strategies may provide practical approaches to improve use of the ICU for patients
with AMI. At the provider level, a renewed emphasis may need to be placed on the use of
appropriate risk stratification for AMI patients at presentation. Well-validated risk prediction
models exist to accurately predict in-hospital adverse cardiac outcomes, such as the Global
Registry of Acute Coronary Events (GRACE) and the Thrombolysis in Myocardial
Infarction (TIMI) scores.37:38 Other studies have specifically identified clinical features and
risk factors that predict complications and critical care needs.3° Low-risk patients identified
with these tools have excellent in-hospital and long-term outcomes and may not routinely
require ICU admission. Furthermore, for many patients admitted to ICUs for monitoring and
prevention of complications, an intermediate-care strategy such as step-down units or
general telemetry units may provide an equally safe yet more cost-effective alternative, a
concept that is borne out in limited existing literature and may merit additional
consideration.“? Risk prediction models can also effectively guide admission to these units
in an effort to optimize utilization and cost through a more gradated system of care.*!
Finally, further investigation should focus on better understanding the drivers of these
hospital-level variations or phenotypes, the population of AMI patients who most benefit
from 1CU admission, and the point at which marginal benefit from ICU admission ceases.

Several factors should be considered in interpreting our results. There may be a potential
role of closer ICU monitoring to prevent or treat complications, thereby improving patient
outcomes. This benefit was not clearly evident in our study, as we did not find any
improvement in overall risk-standardized mortality rates among all AMI patients in the
hospitals that were the highest admitters to ICUs. However, as our data were based on
hospital-level analyses, our findings do not preclude potential benefits of greater monitoring
on a patient-level, case-by-case analysis. We performed hospital risk adjustment using age,
sex, and comorbidities derived from administrative data. Although clinical data are typically
superior to claims data for patient-level risk adjustment, claims-based hospital-level risk
adjustment has been shown to produce similar results at the hospital level.2324 Nevertheless,
we were unable to apply a clinical risk score to assess the extent to which ICU use was
calibrated to patients’ underlying clinical risk. The ICD-9-CM codes used to define STEMI
and NSTEMI have been shown to have only approximately 80% agreement with clinical
diagnoses, and therefore may occasionally cause misclassification.%22 Further, we could not
obtain from our data set the total number of ICU beds or beds available at the time of each
admission, the type of ICU each patient was admitted to, and could not identify who or
which specialties cared for the patient. While we recognize that factors such as bed
availability and provider preference may influence triage decisions and outcomes, these
influences are part of the variation that we are seeking to describe. Future research may be
targeted towards a more granular understanding of how or why such factors engender the
variations that we observed. We were also unable to track patients after hospital discharge,
so longer-term outcomes could not be evaluated. Finally, our hospital cohort may not be
representative of general ICU triage patterns; however, the Premier network covers much of
the United States.
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In conclusion, we revealed marked variation in ICU admission across hospitals for patients
admitted with AMI. We failed to find any relationship between more intensive use of ICUs
and better outcomes, even though increased ICU use was associated with greater use of
critical care resources. The pattern among those patients admitted to the ICU suggests that
hospitals with higher utilization may have a lower threshold for admitting patients. These
findings identify an opportunity to improve ICU use through optimizing triage decisions and
determining which patients truly derive benefit from the intensive care setting.

Supplementary Material
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Figure 1.

ICU Admission Rates across Hospitals for All Hospitalizations for AMI (N=307).
Each data point represents a hospital.
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Overall In-Hospital Risk-Standardized Mortality Rates across Hospital ICU Admission
Rates for AMI (N=307).

Each data point represents a hospital.

ICU, intensive care unit; AMI, acute myocardial infarction
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