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ABSTRACT

OBJECTIVE

To evaluate the effect of intensive care unit (ICU)
admission on mortality among patients with ST
elevation myocardial infarction (STEMI).

DESIGN
Retrospective cohort study.

SETTING
1727 acute care hospitals in the United States.

PARTICIPANTS

Medicare beneficiaries (aged 65 years or older)
admitted with STEMI to either an ICU or a non-ICU
unit (general/telemetry ward or intermediate care)
between January 2014 and October 2015.

MAIN OUTCOME MEASURE

30 day mortality. An instrumental variable analysis
was done to account for confounding, using as an
instrument the additional distance that a patient

with STEMI would need to travel beyond the closest
hospital to arrive at a hospital in the top quarter of ICU
admission rates for STEMI.

RESULTS

The analysis included 109 375 patients admitted to
hospital with STEMI. Hospitals in the top quarter of
ICU admission rates admitted 85% or more of STEMI
patients to an ICU. Among patients who received ICU
care dependent on their proximity to a hospital in the
top quarter of ICU admission rates, ICU admission was
associated with lower 30 day mortality than non-ICU
admission (absolute decrease 6.1 (95% confidence
interval —11.9 to —0.3) percentage points). In a
separate analysis among patients with non-STEMI, a
group for whom evidence suggests that routine ICU
care does not improve outcomes, ICU admission was
not associated with differences in mortality (absolute
increase 1.3 (0.9 to 3.4) percentage points).

WHAT IS ALREADY KNOWN ON THIS TOPIC

On average, 75% of patients with ST elevation myocardial infarction (STEMI) in
the US are admitted to an intensive or coronary care unit (ICU)

Most patients with STEMI receive definitive reperfusion treatment before ICU

admission

Whether ICU admission is beneficial for STEMI patients in contemporary practice

is unknown

WHAT THIS STUDY ADDS

This study suggests that ICU admission improves mortality for STEMI patients
who could be treated in an ICU or non-ICU unit

STEMI patients who might benefit from ICU care should be identified, and the
effect of expanded ICU access for these patients should be tested
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CONCLUSIONS

ICU care for STEMI is associated with improved
mortality among patients who could be treated in an
ICU or non-ICU unit. An urgent need exists to identify
which patients with STEMI benefit from ICU admission
and what about ICU care is beneficial.

Introduction
Survival after ST elevation myocardial infarction
(STEMI) has increased by nearly 20% over the past
two decades.! Complications from STEMI, such as
cardiogenic shock or life threatening arrhythmias, have
also fallen markedly.” This improvement is usually
attributed to the accessibility and implementation of
early reperfusion therapy, which typically occurs before
patients are admitted to an intensive or coronary care
unit (ICU). Nevertheless, 75% of patients with STEMI
in the US are admitted to an ICU.> The costs of this
practice are enormous. ICU admissions are on average
2.5 times more costly than non-ICU admissions, and
critical care services now account for almost 1% of the
US gross domestic product.”

Whether ICU care for patients with STEMI provides
a benefit over lower levels of care, such as general,
telemetry, or intermediate care, is poorly understood.’
Guidelines for STEMI care also provide conflicting
advice. Recent European guidelines recommended
admitting all patients with STEMI to an ICU.® Previous
American guidelines suggested that STEMI patients
at low risk may not need ICU level care,” but recent
guideline updates did not specifically discuss the role
of ICU care for STEMI.! This uncertainty is reflected in
practice. Wide variation exists among hospitals in the
use of ICUs for STEMI, both in the US and worldwide.>®

In this context, we sought to evaluate the effect of ICU
admission on mortality for patients with STEMI in the
US. As the decision to use an ICU is inherently linked
to a patient’s severity of illness, previous observational
studies were limited by confounding by indication.’
To overcome this, we used an instrumental variable
analysis to examine the effect of ICU admission on
patients with borderline or discretionary ICU needs
(that is, those patients who could reasonably receive
care in an ICU or non-ICU unit). As mortality after
STEMI is declining owing to broader use of reperfusion
therapy,'® we hypothesized that ICU admission would
not be associated with a mortality benefit.

Methods

Study cohort

We did a retrospective cohort study of all fee-for-
service Medicare beneficiaries aged 65 years and
older who were admitted to a hospital in the US for
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STEMI between January 2014 and October 2015. We
identified patients with STEMI by using international
classification of diseases, ninth revision, clinical
modification (ICD-9-CM) primary diagnosis codes
for STEMI (supplementary table A).'> We excluded
patients with STEMI admitted to hospitals without ICU
capabilities or admitted directly (that is, transferred
in) from other acute care hospitals. We also excluded
patients for whom data necessary for analyses were
missing (such as ZIP codes (n=1415), hospital
characteristics (n=805), or hospital identifiers (n=2))
(supplementary figure A).

Data source

We linked inpatient claims from the Medicare Provider
Analysis and Review File to mortality data in the
Medicare Beneficiary Summary File.! Characteristics
of hospitals came from the American Hospital
Association’s Annual Surveys and the Healthcare
Cost Reporting Information Systems.'?'*> We obtained
population and geographic information by linking the
patient’s ZIP code of residence to 2010 US census data.

Patient and public involvement

Patients were not involved in the development of the
research question, study design, or outcome measures.
Patients were not involved in the recruitment, conduct,
or interpretation of the study. There are no specific
plans to disseminate the results of the research to
study participants or to relevant patients beyond the
usual channels of publication.

Exposure variable, outcome variable, and covariate
definitions

We used room and board charges for each Medicare
beneficiary to establish the level of care for which the
patient was billed. Thus, we relied on the US Centers for
Medicare and Medicaid Services’ definition of an ICU,
which is based on two criteria.'* Firstly, an ICU must
have lifesaving equipment available for immediate
use and be geographically and identifiably separate
from general routine care areas. Secondly, a single
nurse must take care of no more than two patients, and
nursing staff cannot be shared between an ICU and
other units that provide lower levels of care.

The exposure variable was admission to ICU (the
presence of an ICU or coronary care unit (CCU) revenue
center code in the administrative billing record).'®
We defined non-ICU admission as any admission to a
general/telemetry (the lack of any ICU or CCU revenue
center code) or intermediate care ward (the presence
of an intermediate ICU or intermediate CCU revenue
center code).'® The primary study outcome was 30 day
all cause mortality, measured from the time of hospital
admission.

To account for differences between patients admitted
toICUornon-ICU units, weused patients’ characteristics
such as age, sex, race/ethnicity, comorbid illness,'”
severity of illness, cardiac procedures performed
during the hospital admission, median household
income, and urbanicity for adjustment. We captured
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severity of illness through secondary ICD-9-CM
diagnosis and procedural codes for acute organ
dysfunction or mechanical ventilation (supplementary
table A).'® * We identified percutaneous coronary
intervention, coronary artery bypass graft procedure,
and thrombolytics by using ICD-9-CM procedural
codes.?®*! Median household income was based on the
patient’s ZIP code of residence, using 2010 US census
data. Urbanicity was defined by the National Center for
Health Statistics Urban-Rural Classification Scheme.??
We also used characteristics of hospitals, including
geographic region, teaching hospital status by resident
to hospital bed ratio, hospital size by number of beds,
ICU size by proportion of total hospital beds, proportion
of Medicaid patients among all admitted patients,
nursing ratio (nursing full time equivalents per 1000
patient days averaged over the entire hospital), and
annual hospital STEMI case volume, for adjustment.

Instrumental variable analysis

Because admission to an ICU is likely to be correlated
with severity of illness (that is, sicker patients are
admitted to an ICU and are also more likely to die) and
observational data often lack all variables needed for
adjustment, standard multivariable regression is likely
to be biased through confounding by indication.” We
found that a multivariable adjusted model yielded
biased estimates relative to those from an instrumental
variable model using the Wooldridge’s score test of
endogeneity (F,, ,=5.1; P=0.02).> Therefore, we
used an instrumental variable analysis to account for
confounding.

In an instrumental variable analysis, an instrument
is used to adjust a patient’s likelihood of receiving the
treatment. In this study, we used differential distance
as the instrument. It has been used previously in
myocardial infarction by McClellan and colleagues
to examine the effect of cardiac catheterization on
mortality.** Conceptually, distance to a hospital acts
as an instrument because, in general, most people
choose their residence for reasons unrelated to nearby
hospitals. However, when a person has a STEMI or
other acute illness, they are likely to be taken to the
nearest hospital.

Differential distance represents the additional
distance that a patient would need to travel, beyond
the closest hospital, to arrive at a hospital in the top
quarter of ICU admission rates for STEMI. We calculated
differential distance as the difference between the
distance from a patient’s residence to the nearest high
ICU use hospital (that is, a hospital in the top quarter
of ICU admission rates for STEMI) and the distance
from a patient’s residence to the nearest hospital of
any type. Distances were measured by using the linear
arc distance function, which calculates the distance
between the geographic coordinates of the hospital
and the centroid of the patient’s residential ZIP code.
The median differential distance to a high ICU use
hospital was 6.8 miles.

To show its validity, an instrument must meet two
conditions.?® Firstly, the instrument must be associated
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with the treatment. Secondly, the instrument should
have no relation with the outcome, except through the
treatment. As an example, in a randomized trial, the
randomization tool may act as the perfect instrument,
increasing or decreasing the probability that a person
receives a given treatment while also being otherwise
unrelated to the study outcome.

In this study, we showed the strength of the
instrument in three ways. Firstly, differential distance
was highly correlated with ICU admission (partial
F1’1726=64; P<0.001). An F statistic greater than 10
generally indicates that an instrument is strongly
associated with the treatment.? Secondly, for every 10
mile increase in differential distance, the probability
of ICU admission decreased by 1.8%. Thirdly, more
patients who lived close to a high ICU use hospital
were admitted to an ICU than patients who lived far
from a high ICU use hospital: 73.8% (40354/54691
patients) who lived less than the median (6.8 miles)
were admitted to an ICU compared with 63.8%
(34 873/54 684 patients) whose differential distance
was more than 6.8 miles (table 1).

No empiric method exists to show that the instrument
is not associated with the outcome other than through
the treatment.” The recommended way of evaluating
this condition is to stratify observed characteristics
by the instrument and then carefully examine
balance.?” ?” Balance of observed characteristics across
the instrument provides confidence that unobserved
characteristics are similarly balanced. We examined
whether patients’ characteristics were balanced across
thedistribution of the instrument by using standardized
differences (table 1). Generally, standardized
differences less than 0.1 indicate balance,?® and we
showed reasonable balance between the two groups,
except for race/ethnicity and urbanicity. Imbalances
in race/ethnicity and urbanicity are recognized to be
inherent to the use of distance instruments~’

Interpretation of instrumental variable results

The results of a standard regression represent the
treatment effect for the average patient. The results
of an instrumental variable analysis represent the
treatment effect for the statistically marginal patient.?®
Marginal patients represent those whose likelihood of
receiving the treatment depended on the instrument.
A patient in a randomized trial might only receive
an experimental treatment if randomized to it, and a
marginal patient in this study received ICU care only
because they lived close to a hospital with a high ICU
admission rate for STEMI. Thus, statistically marginal
patients might be considered clinically to have
borderline or discretionary ICU needs—they might
receive care in an ICU or outside of an ICU depending
on the hospital to which they are admitted because
different providers might reasonably disagree about
the best location for the patient’s care.

Marginal patients cannot be identified within
an instrumental variable analysis.”® However, we
estimated the size of the marginal population of
patients and their population level characteristics
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by using the method of Angrist and Pischke.” The
statistical code for these estimates is given in the
supplementary methods.

Statistical analysis

To account for characteristics of patients and hospitals,
we used multivariable logistic regression models. In
the instrumental variable analysis, we used two stage
least squares regression with adjustment for the same
patient and hospital characteristics. To overcome
the imbalances in race/ethnicity and urbanicity
when using a distance instrument, we specifically
included these characteristics in all adjusted models,
including the instrumental variable analysis.?” We
used predictive margins to estimate adjusted absolute
differences in outcomes. All models estimated robust
standard errors with clustering at the hospital level.

Subgroup, sensitivity, and falsification analyses

To test whether the results were consistent for
specific target populations, to assess for effect
measure modification, and to examine mechanisms
for identified differences, we did several subgroup,
sensitivity, and falsification analyses. Firstly, to
evaluate whether severely ill patients could be driving
the association between ICU admission and mortality,
instrumental variable analyses were stratified by
organ failure score and also repeated after exclusion
of patients with ICD-9-CM diagnosis or procedural
codes for respiratory failure or shock. Secondly, given
the imbalance in race/ethnicity and urbanicity when
using a distance instrument, we did separate subgroup
analyses with these characteristics.

Thirdly, to examine whether patients with life
limiting treatment preferences could influence the
results, we did separate instrumental variable analyses
stratified by whether or not patients were aged 80 years
or older, excluding patients who received a billing code
for palliative care,?° or excluding patients who did not
receive percutaneous coronary intervention, coronary
artery bypass graft, or thrombolytics. To ensure that
differences in outcomes based on age were not missed
by dichotomizing a continuous variable, we did a
non-linear two stage residual inclusion instrumental
variable analysis and then used predictive margins
to estimate adjusted absolute differences in 30 day
mortality at 5 year age intervals.

Fourthly, to assess whether particular hospital
capabilities could be influencing the results, we did
separatesubgroup analyses excluding hospitals without
percutaneous coronary intervention capabilities or
intermediate care. Fifthly, to assess the consistency of
the results to the modeling method, we repeated the
instrumental variable analysis using a non-linear two
stage residual inclusion model.>! Confidence intervals
for the two stage residual inclusion model were based
on 3000 non-parametric bootstrap samples with
replacement. Finally, as a falsification test, we repeated
the instrumental variable analysis for non-STEMI
patients, a group for which increasing data suggest that
routine ICU care does not improve outcomes.>?
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Table 1 | Patients’ characteristics by median differential distance to high intensive care

unit (ICU) hospital*. Values are numbers (percentages) unless stated otherwise

Differential distancet

Standardized

Characteristics <6.8 miles 26.8 miles differencet
Patients 54691 (50.0) 54684 (50.0) -
ICU admission 40354 (73.8) 34873(63.8) 0.22
Intermediate care admission 8330 (15.2) 12610 (23.1) 0.20
Mean (SD) age, years 76.1(7.9) 76.0(7.9) 0.01
Age group, years: 0.01
65-74 26857 (49.1) 27 129 (49.6)
75-84 17519 (32.0) 17 471 (32.0)
>85 10315 (18.9) 10084 (18.4)
Sex: 0.03
Male 31686 (57.9) 32358 (59.2)
Female 23005 (42.1) 22326 (40.8)
Race/ethnicity: 0.16
White 46105 (84.3) 48960 (89.5)
Black 4650 (8.5) 2897 (5.3)
Other 3936 (7.2) 2827 (5.2)
Urbanicity: 0.41
Large central metropolitan 16 659 (30.5) 8594 (15.7)
Large suburban metropolitan 12741 (23.3) 12235 (22.4)
Medium metropolitan 11316 (20.7) 12938 (23.7)
Small metropolitan 4454 (8.1) 8149 (14.9)
Micropolitan 5098 (9.3) 7522 (13.8)
Non-core 4423 (8.1) 5246 (9.6)
Median household income 0.07
by ZIP code, $:
<40 000 12269 (22.4) 13312 (24.3)
40 000-100 000 39236 (71.7) 38824 (71.0)
>100 000 3186 (5.8) 2548 (4.7)
Mean (SD) Elixhauser comorbidities count 2.2(1.0) 2.2(1.0) 0.03
Hospital diagnoses:
Respiratory failure 9042 (16.5) 8770 (16.0) 0.01
Shock 8955 (16.4) 8655 (15.8) 0.01
Cardiac arrest 10658 (19.5) 10426 (19.1) 0.01
Procedures performed during hospital admission:
Percutaneous coronary intervention 46212 (84.5) 45815 (83.8) 0.02
Coronary artery bypass grafting 3506 (6.4) 3352 (6.1) 0.01
Thrombolytics 958 (1.8) 1116 (2.0) 0.02
Mechanical ventilation 7981 (14.6) 7561 (13.8) 0.02
Renal replacement therapy 590 (1.1) 529 (1.0) 0.01
Mechanical cardiac support§ 5868 (10.7) 5248 (9.6) 0.04
Targeted temperature management 308 (0.6) 344 (0.6) 0.01
Angus organ failure score: 0.03
0 32584 (59.6) 33377 (61.0)
>1 22107 (40.4) 21307 (39.0)
Billing encounter for palliative care 9784 (17.9) 9308 (17.0) 0.02

*Hospital in top quarter of ICU admission rates for ST elevation myocardial infarction.
tinstrument used for this study, representing additional distance patient would need to travel beyond nearest
hospital to arrive at high ICU use hospital. Median differential distance was 6.8 miles.
+Absolute standardized difference of =0.10 generally indicates that covariates are imbalanced between groups.?®
§Percutaneous ventricular assist device or intra-aortic balloon pump.

We used SAS 9.3 and Stata 14.2 for data management
and analyses. The analytic code is included in the
supplementary methods. All tests were two sided with
a P value less than 0.05 considered significant.

Results

Between January 2014 and October 2015, 109375
patients with STEMI were admitted to 1727 hospitals
(supplementary figure A). Among these patients,
75227 (68.8%) were admitted to an ICU. Patients
admitted to an ICU were more likely to be younger,
to be male, and to be sicker by the number of organ
failures than non-ICU patients, although both had a

similar number of Elixhauser comorbidities (table 2).
ICU patients were also more likely to receive procedures
such as percutaneous coronary intervention, coronary
artery bypass graft, or thrombolytics, as well as other
procedures such as renal replacement therapy,®
mechanical cardiac support,® cardiac arrest,’® or
targeted temperature management (table 2).3> STEMI
patients from the south were more likely to be admitted
to an ICU than were other patients. Differences were
appropriately balanced by the instrument, except for
race/ethnicity and urbanicity (table 1). We identified
431 (25%) hospitals as having high ICU use for STEMI,
with ICU admission rates of 85% or greater (fig 1).
High ICU use hospitals had lower rates of intermediate
care use and were more likely to have fewer than 100
hospital beds and a higher proportion of hospital beds
that were ICU beds (table 3).

Patients with STEMI who were admitted to an ICU
had higher unadjusted 30 day mortality than STEMI
patients admitted to non-ICU units (18.2% for ICU
admission versus 13.8% for non-ICU admission)
(table 4). In a multivariable regression adjusted for
characteristics of patients and hospitals, ICU admission
for STEMI was associated with an increase in 30 day
mortality compared with non-ICU care (17.0% for
ICU admission versus 16.5% for non-ICU admission;
absolute increase 0.5 (95% confidence interval 0.3 to
1.0) percentage points).

We estimated that approximately one in 10 patients
in this study had borderline ICU needs (that is,
received ICU or non-ICU care dependent only on their
proximity to a given hospital) (supplementary table
B). The population of patients with borderline ICU
needs was more likely to be over the age of 85, have no
organ failures, live in the western US, or have a median
household income by ZIP code of more than $100 000
(£77 000; €90 000) (supplementary table C).

In the instrumental variable analysis, ICU admission
was associated with lower 30 day mortality compared
with non-ICU admission (14.9% for ICU admission
versus 21.0% for non-ICU admission; P=0.04), with an
absolute reduction in 30 day mortality of 6.1 (-11.9 to
-0.3) percentage points) (table 4).

Subgroup analyses showed results consistent with
the main effect. Point estimates were consistent
with the main result for subgroups of race/ethnicity
and urbanicity. Point estimates favored a benefit to
ICU admission across organ failures and age strata;
after exclusion of severely ill patients, patients
who received a billing encounter for palliative care,
patients who did not receive an intervention for
STEMI, or patients admitted to hospitals without
percutaneous coronary intervention or intermediate
care capabilities; and when the association of ICU
admission was estimated using a two stage residual
inclusion model. A falsification test in which the
instrumental variable analysis was repeated for
non-STEMI patients showed no mortality benefit
associated with ICU admission (absolute increase 1.3
(-0.9 to 3.4) percentage points) (fig 2; supplementary
table D, supplementary figure B).
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Table 2 | Patients’ characteristics by intensive care unit (ICU) admission. Values are numbers (percentages) unless

stated otherwise

Characteristics ICU Non-ICU
Patients 75227 (68.8) 34148 (31.2)
Mean (SD) age, years 75.6 (7.6) 77.1(8.3)
Age group, years:
65-74 38598 (51.3) 15388 (45.1)
75-84 24485 (32.6) 10505 (30.8)
>85 12144 (16.1) 8255 (24.2)
Sex:
Male 45352 (60.3) 18692 (54.7)
Female 29875 (39.7) 15456 (45.3)
Race/ethnicity:
White 65279 (86.8) 29786 (87.2)
Black 5279 (7.0) 2268 (6.6)
Other 4669 (6.2) 2094 (6.1)
Urbanicity:
Large central metropolitan 17 146 (22.8) 8107 (23.7)
Large suburban metropolitan 17217 (22.9) 7759 (22.7)
Medium metropolitan 16498 (21.9) 7756 (22.7)
Small metropolitan 8514 (11.3) 4089 (12.0)
Micropolitan 8991 (12.0) 3629 (10.6)
Non-core 6861 (9.1) 2808 (8.2)
Median household income by ZIP code, $:
<40000 18057 (24.0) 7524 (22.0)
40000-100000 53260 (70.8) 24800 (72.6)
>100000 3910 (5.2) 1824 (5.3)
Mean (SD) Elixhauser comorbidities count 3.0 (1.9 2.9(1.9
Hospital diagnoses:
Respiratory failure 15001 (19.9) 2811 (8.2)
Shock 15413 (20.5) 2197 (6.4)
Cardiac arrest 16758 (22.3) 4326 (12.7)
Procedures performed during hospital admission:
Percutaneous coronary intervention 65970 (87.7) 26057 (76.3)
Coronary artery bypass grafting 6013 (8.0) 845 (2.5)
Thrombolytics 1555 (2.1) 519 (1.5)
Mechanical ventilation 13767 (18.3) 1775 (5.2)
Renal replacement therapy 993 (1.3) 126 (0.4)
Mechanical cardiac support* 10075 (13.4) 1041 (3.1)
Targeted temperature management 614 (0.8) 38 (0.1)
Angus organ failure score:
0 41742 (55.5) 24219 (70.9)
>1 33485 (44.5) 9929 (29.1)
Billing encounter for palliative care 4136 (5.5) 1863 (5.5)
Median (interquartile range) length of index hospital admission, days 3 (2-6) 3 (2-4)
Discharge destination of index hospital admission:
Home 52124 (69.3) 25604 (75.0)
Rehabilitation or nursing facility 8567 (11.4) 3714 (10.9)
Other 3789 (5.0) 1987 (5.8)
In-hospital mortality 10747 (14.3) 2843 (8.3)
*Percutaneous ventricular assist device or intra-aortic balloon pump.
8 100 . Discussion
E Admission to ICU was associated with an absolute
@ 8 survival benefit of 6.1 percentage points at 30 days for
"E STEMI patients with borderline or discretionary ICU
® 60 needs. This association persisted in several subgroup
S and falsification analyses. Contrary to the prespecified
g %0 hypothesis, we found that ICU care may be underused
R, 0 for certain patients with STEMI. This finding has
3 i important implications given the rising costs and use
o of critical care services globally.
0 500 1000 1500 2000

Hospitals ranked by ICU admission rate for STEMI

Fig 1 | Distribution of intensive care unit (ICU) admission rates for ST elevation
myocardial infarction (STEMI). Each circle represents an individual hospital, based on
its ICU admission rate for STEMI and then ranked by its ICU admission rate for STEMI

thebmj | BMJ2019;365:11927 | doi: 10.1136/bmj.11927

Findings in context

Whether patients with STEMI benefit from ICU care has
been uncertain. No randomized trials have evaluated
the use of ICU care for STEMI, and guidelines do not
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Table 3 Hospitals’ characteristics by intensive care unit (ICU) use. Values are numbers
(percentages) unless stated otherwise

Characteristics High ICU use* Low ICU use*
Hospital 431 (25.0) 1296 (75.0)
Mean (SD) ICU admission rate for STEMI, % 91.7 (4.5) 63.7 (17.6)
Mean (SD) intermediate care admission rate for STEMI, % 3.0 (4.3) 22.8(20.1)
Median (SD) hospital STEMI annual case volume 47 (23-77) 51 (28-86)
Median (SD) hospital PCI/CABG annual case volume 43 (21-73) 46 (25-81)
Hospital ownershipt:

For profit 94 (22.0) 278 (21.7)

Not for profit 258 (60.3) 871 (67.9)

Government 76 (17.8) 133 (10.4)
Medical school affiliated 209 (48.5) 624 (48.2)
Teaching status:

No residents 312 (72.4) 956 (73.8)

Minor teaching program (<0.25 residents/bed) 67 (15.6) 211 (16.3)

Major teaching program (>0.25 residents/bed) 52(12.1) 129 (10.0)
Hospital beds:

<100 57 (13.2) 100 (7.7)

100-199 107 (24.8) 350 (27.0)

>199 267 (62.0) 846 (65.3)
Percentage of total beds that are ICU beds:

<% 52(12.1) 191 (14.7)

5-10% 117 (27.2) 438 (33.8)

>10% 262 (60.8) 667 (51.5)
Medicaid patients served:

<16% 134 (31.1) 442 (34.1)

16-23% 139 (32.3) 437 (33.7)

>23% 158 (36.7) 417 (32.2)
Mean (SD) nursing ratio, FTE per 1000 patient days 4.2(1.3) 4.2(1.3)
Census regions:

North east 66 (15.3) 206 (15.9)

Midwest 114 (26.5) 317 (24.5)

South 190 (44.1) 498 (38.4)

West 61 (14.2) 275 (21.2)

CABG=coronary artery bypass graft; FTE=full time equivalents; PCl=percutaneous coronary intervention;
STEMI=ST elevation myocardial infarction.

*High ICU use indicates ICU admission rate for STEMI 285.2%. Low ICU use indicates ICU admission rate for
STEMI <85.2%.

tOwnership information was missing for 17 hospitals.

offer consistent recommendations about whether
to admit STEMI patients to an ICU.! ®7 As a result,
tremendous variation exists in whether ICUs are used
for patients with myocardial infarction, both in the US
and globally.*®

This variation is clinically relevant because, despite
the decrease in mortality for myocardial infarction
over time, '° our ability as clinicians to identify patients
at high risk of decompensation has not necessarily
improved.?® > Thus, although inpatient care for STEMI

Table 4 | Association of intensive care unit (ICU) admission with 30 day mortality

Model Absolute 30 day mortality, % (95% Cl) P value
Unadjusted results

ICU 18.2

Non-ICU 13.8

Adjusted model*

ICU 17.0 (16.7 to 17.3) Reference
Non-ICU 16.5 (16.1t0 16.9) 0.04
Instrumental variable modelt

ICU 14.9 (13.1t0 16.7) Reference
Non-ICU 21.0(17.1to 25.0) 0.04

*Adjusted for characteristics of patients and hospitals in table 2 and table 3. Standard errors adjusted for
clustering of patients within hospitals.

tTwo stage least squares regression of all patients, using differential distance to nearest hospital with high ICU
admission rates as instrumental variable, adjusted for characteristics of patients and hospitals in table 2 and
table 3. Standard errors adjusted for clustering of patients within hospitals.

patients may be safer overall, certain populations
of patients may continue to be at risk, and efforts to
reduce the number of STEMI patients who receive
ICU care on average may place these patients at even
higher risk in the future.

The results of this study apply specifically to
statistically marginal patients and not to those with
obvious indications for or against ICU care.?® Marginal
patients are those who were admitted (or not admitted)
to an ICU solely on the basis of their proximity to a given
hospital. Clinically, these patients likely have borderline
or discretionary ICU needs. In other words, they may be
admitted to an ICU in some but not all hospitals because
clinicians may disagree about the optimal location
of care. Thus, the borderline patients in this study
represent a group of patients for whom there is clinical
equipoise and unwarranted variation exists in care.

Instrumental variable analyses are unable to identify
individual patients who are “marginal” or “borderline.”
Despite this, we were able to identify population level
characteristics associated with these patients. For
example, we found that the borderline population
was more likely to be older than 85 and have no organ
failures. This suggests that the population of patients
in this study with those characteristics was particularly
vulnerable to local hospital practices and, as a result,
was more likely to benefit from ICU admission. Future
research can use this profile of borderline patients to
design a prospective trial to test whether expanded ICU
access improves outcomes for patients with STEMI.

What about ICU care might be beneficial to
STEMI patients remains unclear.’ Historically,
CCUs were developed to monitor for post-infarction
complications, such as life threatening ventricular
arrhythmias or mechanical sequelae.’® The incidence
of these complications has been greatly reduced by
early reperfusion therapy,®® and most STEMI patients
receive definitive reperfusion therapy before admission
to an ICU or CCU. Thus, neither the existing literature
nor our study precisely identifies what about ICU care
might be particularly beneficial to these patients.

ICUs in the US are primarily defined by their level of
nursing care and by their ability to provide aggressive,
lifesaving treatment. STEMI patients with borderline
ICU needs, compared with other types of myocardial
infarction patients, may benefit from the enhanced
nursing care available in ICUs, allowing for earlier
detection of complications or decompensation.“® The
results may also reflect the growing complexity of
STEMI patients, who might also present with or develop
non-cardiac conditions (for example, pneumonia),
for which ICU care may be beneficial.** “* Finally,
ICUs may be capable of providing more timely access
to particular treatments or may have more effective
protocols to ensure the provision of important care
(for example, discharge drugs) than non-ICU units.*
Thus, the results of this study may have more to do
with limitations of non-ICU care rather than the direct
benefits of ICU care, suggesting that certain hospitals
may be better prepared to care for STEMI patients
across different units.**

doi: 10.1136/bmj.11927 | BMJ 2019;365:11927 | thebmj
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Absolute difference in 30 day mortality (%) Patients
Main results —_— 109 375
No respiratory failure or shock + 92380
No organ failures §+ 65961
>1 organ failure « 43414
White patients —_— 95065
Non-white patients i 14310
Urban residence —i—-— 87086
Rural residence : 22289
Aged 65-79 years + 73514
Aged 280 years 35861
Patients without palliative care +-— 103076
Received revascularization + 93549
Admitted to PCl-capable hospital + 108 065
Admitted to hospital without intermediate care —-—%— 45552
Admitted to hospital with intermediate care 3 63823
Using two stage residual inclusion + 109 375
Non-STEMI patients R 601874

-30 -20 -10 0 10 20

Favours ICU care

Favours non-ICU care

Fig 2 | Subgroup, sensitivity, and falsification analyses. All models used an instrumental variable analysis and
adjusted for characteristics of patients and hospitals. Error bars represent 95% confidence intervals for absolute 30
day mortality differences (intensive care unit (ICU) v non-ICU care). STEMI=ST elevation myocardial infarction

Previous observational studies evaluating the role of
ICU care are important to note for two reasons. Firstly,
on comparison, the mortality rate in this study may
seem unusually high relative to results from recent
clinical trials. However, our 30 day mortality rates were
consistent with other studies of myocardial infarction
among the Medicare population, which is older and at
higher risk than the general population.**’ Secondly,
most previous studies suggested increased mortality
among patients admitted to an ICU, but these studies
are at risk for confounding by indication and for
estimating average rather than the more clinically
relevant marginal treatment effects (that is, the effect
on patients who could reasonably be treated in either
ICU or non-ICU settings).**° Our unadjusted and
adjusted results also showed increased mortality
associated with ICU admission. Other instrumental
variable analyses have similarly shown a shift in
the effect compared with conventional regression
analyses.*?°!

Strengths and limitations of study
The quality of an instrumental variable analysis
depends on the validity of the instrument.?” We showed
that differential distance was strongly correlated with
ICU admission, showed balance of observed patients’
characteristics as a result of the instrument, and did
several analyses to evaluate for residual confounding.
We used the instrument to look at a separate condition
for which ICU care may not be beneficial —non-STEMI—
and found no association between ICU admission and
mortality.>?

This study should be considered in the context of
several limitations. Firstly, we used administrative
data. Thus, certain clinically relevant variables such

thebmj | BMJ2019;365:11927 | doi: 10.1136/bmj.11927

as infarct size, blood pressure, left ventricular ejection
fraction, Killip class,®® culprit vessel, or time to
reperfusion were unavailable. Residual confounding
based on these factors cannot be ruled out. However,
the excellent balance shown by the instrument suggests
that unmeasured differences may be balanced as well.
In addition, we did several subgroup and falsification
analyses, which showed consistent results. Collectively,
these results suggest that the effect of differential
distance on the outcome operated through changes
in the use of ICU care and not through other potential
confounders. Secondly, the study’s cohort consisted of
US Medicare beneficiaries and may not generalize to
STEMI patients younger than 65 or to non-US STEMI
patients. Thirdly, this study treated intensive care and
coronary care units as the same. In many real world
settings, these units are often combined to care for
critically ill patients; differences between the two units
at some hospitals may affect patient care and should
be considered in future work. Similarly, key differences
may exist between intermediate and general ward/
telemetry care that were not assessed in this study.
Finally, most hospitals in this study were non-teaching
hospitals, and whether clinical outcomes for STEMI
patients may differ between teaching and non-teaching
hospitals remains controversial.>*>*

Implications and conclusions

This study has important implications for clinicians
and health system leaders. Conventional wisdom in
the US suggests that ICU care is generally overused
and that efforts must be made to reduce the number
of patients receiving ICU care.’ >® However, this study,
in combination with others,*? >’ indicates instead that
ICU care may often be misdirected, with some patients
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experiencing underuse while others experience
overuse.

ICU admission for STEMI patients with borderline or
discretionary ICU needs was associated with improved
survival at 30 days. Methods to identify STEMI patients
who might benefit from ICU care are needed and
should be followed by randomized trials to test the
effect of expanded access to ICU and the mechanisms
that result in benefit from ICU care.
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