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Assessing the Value of Intensive Care
Ian J. Barbash, MD; Jeremy M. Kahn, MD, MS

Despite ongoing reform efforts, spending on hospital care in
the United States remains an intractable problem.1 One strat-
egy to lower hospital spending may be to reduce the number

of intensive care unit (ICU)
admissions, particularly for
patients with illness of low se-
verity who are admitted for

observation rather than life-threatening organ failure.2 Spend-
ing on hospital admissions involving intensive care accounts
for nearly half of all hospital costs,3 making ICU admissions an
important focus for reducing overall expenditures. At the same
time, there is good evidence that intensive care is overused.
Hospitals vary widely in their use of the ICU without appar-
ent differences in mortality,4 and transient reductions in the
availability of ICU beds leads to fewer ICU admissions with-
out apparent harm to patients.5 These data imply that ICU ad-
missions for discretionary patients, patients for whom it is not
clear whether they would benefit more from ICU care or from
care in the general hospital ward, represent “low-value” health
care—something to reduce if not eliminate all together. The
usual prescriptions toward that end range from expanding the
use of guidelines for ICU triage6 to forcing more judicious use
by reducing the availability of ICU beds.7

In this issue of JAMA, Valley and colleagues8 challenge this
conventional wisdom by demonstrating a tangible benefit of
ICU admission for a cohort of low-risk patients. The authors
examined more than 1 million Medicare beneficiaries admit-
ted to the hospital with pneumonia, and compared 30-day mor-
tality between patients admitted to the ICU and patients ad-
mitted solely to the hospital ward. To account for the selection
bias inherent in this comparison they used an instrumental
variable approach. Instrumental variables are an economet-
ric technique for obtaining unbiased estimates of treatment
effect in observational data.9 They exploit factors that are
causally associated with treatment but not related to the out-
come. Here the authors used an instrumental variable based
on differential distance—the difference between (1) the pa-
tient’s home and the nearest hospital with high ICU admis-
sion rates and (2) the patient’s home and the nearest hospital.
As shown in the Supplement to the article by Valley et al, this
factor is strongly associated with ICU admission but is not as-
sociated without outcome except through ICU admission,
meeting the criteria for a valid instrument.

The study found that, in the instrumental variable analy-
sis, admission to an ICU for patients with pneumonia whose
need for ICU admission was borderline or discretionary was
associated with a 5.7% absolute reduction in 30-day mortal-
ity, 14.8% for ICU admission vs 20.5% for general ward admis-
sion, compared with admission solely to a hospital ward. Ad-

ditionally, there were no statistically significant differences in
total costs or total Medicare payments between groups, sug-
gesting that ICU admission can save lives for lower-risk pa-
tients, and can do so at similar cost. If these results are valid,
ICU admission for discretionary patients’ with pneumonia is
the opposite of low-value care. It is high-value care, worth ex-
panding rather than reducing.

Before interpreting these results, it is important to con-
sider to whom the analysis applies. Instrumental variable
analyses only apply to the so-called “marginal” patient—in
this study, patients for whom ICU admission is dependent
upon their proximity to a hospital with a high rate of ICU uti-
lization. This population is theoretical and cannot be explic-
itly defined. Intuitively, these patients should not have an
obvious need for ICU admission (ie, shock or respiratory fail-
ure), but should be at sufficient risk for deterioration that
they may benefit from careful monitoring and early interven-
tion. However, the data in the report by Valley et al cannot
reveal exactly who these patients are, or even how large the
population may be. Using a standard approach, the authors
estimated that this population may represent 13% of their
cohort, or potentially 48 000 Medicare beneficiaries per year.
However, this estimate depends on the authors’ somewhat
arbitrary definition of a hospital with high ICU admission
rates, which they set at the top 40% of hospitals, correspond-
ing to an ICU admission rate for patients with pneumonia of
greater than 32%. The definition of a hospital with high ICU
admission rates might plausibly vary based on any number of
reasons, and thus the true marginal population could be
either much bigger or much smaller. Thus it is not clear
exactly how many lives might be saved by extending ICU
admission to more discretionary patients.

In addition to the caveats about generalizability, several
other limitations are worth noting. First, admission to the ICU
may just be a proxy for individual or institutional commit-
ment to full life support. Because this factor would be associ-
ated with both the instrument and with mortality, it would
make ICU admission appear more beneficial than it really is.10

Second, because the analysis was limited to fee-for-service
Medicare beneficiaries, it is uncertain whether the results ex-
tend to other types of patients. Third, the finding that ICU ad-
mission was not associated with increased costs may under-
state true cost savings that might be achieved through avoiding
ICU admissions. Most ICU costs are attributable to a fixed over-
head rather than individual patient care, and are therefore not
dependent on individual patient admissions.11 Thus, avoid-
ing ICU admission might not be expected to reduce per-
patient costs. Instead, cost savings would be achieved over the
long-term as ICUs decrease in size and the fixed costs de-
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crease, saving money for all hospitalizations, not just those for
patients admitted to the ICU.

Even with these limitations, this study provides impor-
tant empirical evidence that ICU admission can benefit low-
risk patients. The exact mechanism of this benefit is un-
known, but there are several plausible candidate explanations.
It is possible that low nurse-to-patient ratios and dedicated in-
ter-professional care teams may prevent clinical deteriora-
tion or mitigate the effects of adverse events.12,13 Intensivist
physicians might be functioning as de facto hospitalists, im-
proving outcomes through greater clinical experience.14 In-
tensive monitoring in ICUs may lead to more timely and ac-
curate decision making by physicians, nurses, and other ICU
personnel.15 Regardless of mechanism, this study makes clear
that the value of intensive care extends beyond mere life sup-
port for the acutely failing organ and instead includes the en-
tirety the organizational and human resources that make up
the ICU.

However, this study does not provide carte blanche ap-
proval to further increase the size of our ICUs and admit even
more patients to intensive care. Although it is tempting to use
these results as a rationale for more liberal ICU admission strat-
egies, to do so would be untenable in an era of constrained
health care resources. The United States already has more ICU
beds per capita than nearly every other nation, and arguably

spends far too much of health care resources on ICU care and
hospital care. Rather than increase use of the ICU, further re-
search is warranted into discovering the reasons ICU care
seemed to help patients with borderline criteria for ICU ad-
mission, and how to extend this benefit to patients outside the
ICU, either through enhanced inter-professional care, im-
proved monitoring, or treatment protocols to guide clinical de-
cision making. The desired outcome would be to develop strat-
egies to make hospital wards function more like ICUs, without
turning hospital wards into ICUs.

Yet the findings reported by Valley et al argue against ac-
tive efforts to reduce ICU admissions through triage guide-
lines or bed supply reductions, at least for older patients with
pneumonia. In the current health care system, more judi-
cious use of the ICU may well lead to higher mortality in some
patient populations. Indeed, the greatest lesson from this study
may be that low-value health care is difficult to find. Reduc-
ing health care spending by preventing ICU readmissions will
require addressing the difficult questions about rationing ICU
care and the degree to which the nation can afford to make in-
tensive care available to anyone at any time. While this con-
versation is underway, the task at hand is to study why the in-
tensive care saves lives, and then use this information to make
hospital care as safe and effective for all patients, regardless
of where in the hospital they receive care.
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Association of Intensive Care Unit Admission With Mortality
Among Older Patients With Pneumonia
Thomas S. Valley, MD; Michael W. Sjoding, MD; Andrew M. Ryan, PhD; Theodore J. Iwashyna, MD, PhD;
Colin R. Cooke, MD, MSc, MS

IMPORTANCE Among patients whose need for intensive care is uncertain, the relationship of
intensive care unit (ICU) admission with mortality and costs is unknown.

OBJECTIVE To estimate the relationship between ICU admission and outcomes for elderly
patients with pneumonia.

DESIGN, SETTING, AND PATIENTS Retrospective cohort study of Medicare beneficiaries (aged
>64 years) admitted to 2988 acute care hospitals in the United States with pneumonia from
2010 to 2012.

EXPOSURES ICU admission vs general ward admission.

MAIN OUTCOMES AND MEASURES Primary outcome was 30-day all-cause mortality.
Secondary outcomes included Medicare spending and hospital costs. Patient and hospital
characteristics were adjusted to account for differences between patients with and without
ICU admission. To account for unmeasured confounding, an instrumental variable was
used—the differential distance to a hospital with high ICU admission (defined as any hospital
in the upper 2 quintiles of ICU use).

RESULTS Among 1 112 394 Medicare beneficiaries with pneumonia, 328 404 (30%) were
admitted to the ICU. In unadjusted analyses, patients admitted to the ICU had significantly
higher 30-day mortality, Medicare spending, and hospital costs than patients admitted to a
general hospital ward. Patients (n = 553 597) living closer than the median differential
distance (<3.3 miles) to a hospital with high ICU admission were significantly more likely to be
admitted to the ICU than patients living farther away (n = 558 797) (36% for patients living
closer vs 23% for patients living farther, P < .001). In adjusted analyses, for the 13% of
patients whose ICU admission decision appeared to be discretionary (dependent only on
distance), ICU admission was associated with a significantly lower adjusted 30-day mortality
(14.8% for ICU admission vs 20.5% for general ward admission, P = .02; absolute decrease,
−5.7% [95% CI, −10.6%, −0.9%]), yet there were no significant differences in Medicare
spending or hospital costs for the hospitalization.

CONCLUSIONS AND RELEVANCE Among Medicare beneficiaries hospitalized with pneumonia,
ICU admission of patients for whom the decision appeared to be discretionary was associated
with improved survival and no significant difference in costs. A randomized trial may be
warranted to assess whether more liberal ICU admission policies improve mortality for
patients with pneumonia.

JAMA. 2015;314(12):1272-1279. doi:10.1001/jama.2015.11068
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T he United States has seen considerable growth in inten-
sive care unit (ICU) use over the last 3 decades.1 This
growth may be an appropriate response to the aging

population, the greater burden of comorbid illness, and the im-
provements in care for an increasingly complex array of pa-
tients in the outpatient setting.2 Alternatively, increasing ICU
use may reflect “supply side” factors, such as expansion in criti-
cal care capacity and relatively generous reimbursement.3,4

This uncertainty underlies the concern that ICUs may be an im-
portant and expensive source of low-value care.

The value of ICU care, however, depends on the effective-
ness of ICUs. Intensive care allows for greater attention to the
patient, timelier delivery of treatments, and multidisci-
plinary expertise in the care of patients at risk for clinical de-
terioration. On the other hand, for some patients, the ICU may
provide no additional benefit to care provided in the general
ward while also increasing the risk for nosocomial infection
and the likelihood that patients receive invasive, potentially
harmful procedures.

Observational studies examining the relationship
between ICU admission frequency and patient outcomes
often suggest that greater ICU use does not achieve better
outcomes.5-8 However, these results are likely subject to con-
founding by indication because sicker patients are more
likely to be admitted to the ICU. With pneumonia as a leading
reason for hospitalization,9 it is important to understand the
implications of delivering intensive care to patients with
pneumonia.

We sought to determine the association between ICU ad-
mission and outcomes, 30-day mortality and costs, among el-
derly Americans hospitalized for pneumonia. We hypoth-
esized that ICU admission would not be associated with a
survival benefit but would be associated with greater costs.

Methods
Data Source
The institutional review board for the University of Michigan
approved the study and provided a waiver of consent
(HUM00053488). A retrospective cohort study of all acute
care hospitalizations from 2010 to 2012 was performed
among fee-for-service Medicare beneficiaries 65 years and
older. The Medicare Provider Analysis and Review file was
linked to mortality data in the Medicare Beneficiary Sum-
mary File. Hospital characteristics were obtained from the
2010 to 2012 American Hospital Association’s Annual Sur-
veys and the 2010 and 2011 Healthcare Cost Reporting Infor-
mation Systems. Population and geographic information was
obtained by linking the patient’s zip code of residence to
2010 US Census data.

Study Cohort
All patients with an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) (1) primary
diagnosis code for pneumonia or (2) primary diagnosis code
for respiratory failure or sepsis and secondary diagnosis
code of pneumonia were identified (eTable 1 in the Supple-

ment). This method of identifying pneumonia through
administrative claims data is commonly used.10-12 The
analysis was limited to the first hospitalization for those
with multiple eligible hospitalizations in the same year
(eFigure 1 in the Supplement).

Treatment Variable and Covariate Definitions
The treatment variable was ICU admission, defined as the
presence of an ICU or coronary care unit revenue center
code in the administrative billing record.13 To account for
differences between patients admitted to the ICU and those
admitted to the wards, the analysis adjusted for demo-
graphics, comorbid illness, severity of illness, type of pneu-
monia, and year of admission. Income was defined by the
patient’s zip code of residence using 2010 US Census data.
Preexisting comorbid illness was measured according to
Elixhauser et al,14 and severity of illness was captured by
using secondary ICD-9-CM diagnosis and procedural codes
for acute organ dysfunction,15 mechanical ventilation, respi-
ratory failure, sepsis, shock, cardiac or respiratory arrest,
and cardiopulmonary resuscitation.

The analysis adjusted for several additional hospital
characteristics including hospital ownership (for profit, non-
profit, or government), medical school affiliation, teaching
hospital status (resident-to–hospital bed ratio), hospital size
by number of beds, ICU size by proportion of total hospital
beds, annual hospital pneumonia case volume, nursing ratio
(nursing full-time equivalent per 1000 patient-days), propor-
tion of Medicaid patients admitted, geographic region, and
technological index16 (weighted sum of hospital capabilities).

Outcome Measures
The primary outcome was 30-day all-cause mortality mea-
sured from the time of hospital admission. Secondary out-
comes included Medicare reimbursements to the hospital and
hospital costs, calculated as the patient’s hospital charges mul-
tiplied by the hospital-specific annual cost-to-charge ratio.

Instrumental Variable
In a properly executed instrumental variable analysis, the
instrument approximates random assignment of patients to a
treatment group analogous to a randomized clinical trial. In
this study, the commonly used “differential distance”17,18

instrument was selected. Differential distance was calculated
as the difference between (1) the distance from a patient’s
residence to the nearest hospital with high ICU admission
and (2) the distance from a patient’s residence to the nearest
hospital of any type. In other words, the differential distance
is the extra distance, if any, beyond the closest hospital a
patient would have to travel to arrive at a hospital with high
ICU admission. The distribution of ICU admission rates was
examined across all hospitals, and hospitals with high ICU
admission were empirically defined as those with an ICU
admission rate for pneumonia in the top 2 quintiles of the
included hospitals, which corresponded to an ICU admission
rate for pneumonia of higher than 32%. Distances were calcu-
lated using the linear arc distance function, which measures
the number of miles between the centroids of 2 zip codes.
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An instrumental variable was confirmed to be necessary
for the analysis as the Durbin-Wu-Hausman tests of endoge-
nicity were significant for all instrumental variable models
(eAppendix 1 in the Supplement), indicating that standard mul-
tivariable regression resulted in biased estimates when com-
pared with the instrumental variable model.19 The instru-
ment satisfied 3 conditions necessary to establish validity
(eAppendix 1 in the Supplement). First, differential distance
was highly correlated with ICU admission (partial F1,2986 = 245,
P < .001); instruments with F statistics higher than 10 are con-
sidered strong20 (eTable 2 in the Supplement). Because most
ill patients with pneumonia will seek care at the nearest hos-
pital, patients who live close to a hospital with high ICU ad-
mission are more likely to be transported to that hospital, which
increases their likelihood of being admitted to the ICU. In-
deed, when stratified by the median differential distance (3.3
miles [interquartile range, 0-18.9]), ICU admission was sub-
stantially more likely among patients living near a hospital with
high ICU admission than those living farther away (36% for pa-
tients living closer vs 23% for patients living farther) (eTable
3 in the Supplement). Second, differential distance was not as-
sociated with the outcomes, 30-day mortality, Medicare spend-
ing, or hospital costs, except through the instrument’s effect
on ICU admission (eTables 4-6 in the Supplement). Third, there
should not be any mutual confounders between the instru-
ment and the outcome. This condition was evaluated by (1) the
distribution of patient-level covariates across differential dis-
tance (eTable 3 in the Supplement) and (2) the distribution of
hospital-level characteristics across quintiles of ICU use (eTable
7 in the Supplement). If observed confounders are compa-
rable across levels of differential distance, it provides greater
confidence that unobserved confounders are similar as well.21

For instruments defined by geography, differences in urban-
ity and associated variables (eg, race and socioeconomic sta-
tus) are commonly observed.18,22 The recommended ap-
proach to address such imbalances in these and other variables
is to perform analyses stratified by these variables and/or ad-
just for them in the instrumental variable model.18,21

Interpreting the Instrumental Variable Results
In contrast to standard multivariable regression in which the
coefficient for ICU admission represents the adjusted treat-
ment effect for the average patient, the coefficient in the in-
strumental variable analysis represents the adjusted treat-
ment effect for the so-called marginal patient. Statistically,
marginal patients are those that are admitted to the ICU solely
due to their proximity to a hospital with high ICU admission.23

The instrumental variable analysis does not rely on defining
the specific clinical characteristics of these patients—instead
it relies on the fact that patients reside randomly around hos-
pitals and some patients are treated differently in different hos-
pitals. In this context, these marginal patients (referred to as
borderline patients in this article) may be interpreted as those
whose need for ICU admission is borderline or discretionary—
that is, patients who might receive care on a general ward at
one hospital and in the ICU at another because it is uncertain
whether ICU admission would benefit the patient23 (eFigure
2 in the Supplement).

Statistical Analysis
χ2 and t tests were used to evaluate associations between ICU
admission and patient characteristics. Unadjusted analyses
without covariates were performed using logistic regression
for 30-day mortality and linear regression for Medicare spend-
ing and hospital costs. To account for average differences be-
tween patients, the association between ICU admission and
30-day mortality, payments by Medicare, and hospital costs
were evaluated by logistic and linear regression models ad-
justed for patient and hospital characteristics. All regression
models estimated robust standard errors with clustering at the
hospital level.

In the instrumental variable analyses, 2-stage least squares
regressions24,25 were performed on all patients after adjust-
ing for patient and hospital characteristics described above, and
standard errors adjusted for clustering of patients in hospi-
tals. The adjusted outcomes from the instrumental variable
model represent the mean predicted difference in the prob-
ability of death at 30 days, Medicare payments, or hospital
costs. Adjusted absolute rates of outcomes were estimated
using predictive margins.

The method of Newhouse and McClellan21 was used to es-
timate the fraction of patients hospitalized with pneumonia
who were admitted to the ICU because they presented to a hos-
pital with high ICU admission. In this approach, the percent-
age of patients for which the instrumental variable analysis ap-
plies can be determined by subtracting the average rate of ICU
admission in the 2 patient populations stratified by median dif-
ferential distance.

Subgroup and Sensitivity Analyses
To test the robustness of the findings, several subgroup and
sensitivity analyses were performed. First, to address the
potential for unmeasured confounding due to correlates of
race and urbanity, which demonstrated imbalance by median
differential distance, instrumental variable analyses were
stratified by race or the National Center for Health Statistics
Urban-Rural Classification Scheme.26 Second, instrumental
variable analyses were stratified by the proportion of total
hospital beds that were ICU beds, an indirect measure of a
hospital’s likelihood of ICU capacity constraint that may be
associated with increased mortality.27 Third, to address
observed differences in severity of illness by differential dis-
tance and to rule out the possibility that severely ill patients
could be driving the association, the instrumental variable
analysis was stratified by organ failure score and also
repeated after excluding patients with ICD-9-CM codes for
the following: mechanical ventilation, cardiopulmonary
resuscitation, shock, or cardiac or respiratory arrest. Fourth,
the instrumental variable analyses were repeated to assess
the association of Medicare payments and hospital costs
stratified by in-hospital mortality. Fifth, to assess the robust-
ness of the results to the choice of modeling method, the
average treatment effect of ICU admission on 30-day mortal-
ity was determined using inverse probability weighting
(eAppendix 2 in the Supplement).

Data management and analysis was performed using SAS
(SAS Institute), version 9.3, and Stata (StataCorp), version 13.1.
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All tests were 2-sided with a P value of less than .05 consid-
ered significant.

Results
From 2010 to 2012, 1 327 370 acute care hospitalizations of
Medicare beneficiaries with pneumonia were identified. Ad-
missions to hospitals without ICU capabilities (3%), transfers
from other acute care hospitals (3.6%), patients with missing
zip codes (1.6%), or hospitalizations in US territories (0.01%)
were excluded. After applying exclusion criteria, the final
sample included 1 112 394 patients admitted to 2988 hospi-
tals (eFigure 1 in the Supplement). Among these patients,
328 404 patients (29.5%) were admitted to the ICU, with pa-
tient characteristics listed in Table 1 and eTable 8 in the Supple-
ment. In the sample, 1193 hospitals (40%) were defined as hos-
pitals with high ICU use. Hospital characteristics by ICU use
and patient outcomes by ICU admission are listed in Table 2
and Table 3.

In unadjusted analyses, patients admitted to the ICU com-
pared with patients admitted to a general ward had greater
30-day mortality (35.9% for ICU admission vs 11.7% for gen-
eral ward admission; absolute difference, 24.2% [95% CI,
23.8%-24.6%]), Medicare spending ($19 279 for ICU admis-
sion vs $7308 for general ward admission; absolute differ-
ence, $11 971 [95% CI, $11 634-$12 307]), and hospital costs
($23 475 for ICU admission vs $7411 for general ward admis-
sion; absolute difference, $16 064 [95% CI, $15 658-$16 469])
(Table 4).

Differences between patients admitted to the ICU and
patients admitted to a general ward persisted in adjusted
multivariable regression models. Though attenuated, aver-
age patients admitted to the ICU had significantly higher
30-day mortality compared with patients admitted to a gen-
eral ward (21.5% for patients in the ICU vs 17.8% for patients
in the general ward; absolute difference, 3.7% [95% CI, 3.3-
4.0]) (Table 4). Risk-adjusted payments by Medicare ($12 711
for patients in the ICU vs $10 052 for patients in the general
ward; absolute difference, $2659 [95% CI, $2513-$2805])
remained greater with ICU admission as did hospital costs
($17 160 for patients in the ICU vs $10 048 for patients in the
general ward; absolute difference, $7112 [95% CI, $6874-
$7349]).

The median differential distance to a hospital with high
ICU admission was 3.3 miles. Of the patients for whom the dif-
ferential distance was less than 3.3 miles, one-third (201 144
of 553 597 patients; 36.3%) were admitted to the ICU com-
pared with one-fourth (127 260 of 558 797 patients; 22.8%) of
those patients with pneumonia whose differential distance was
more than 3.3 miles (eTable 3 and eFigure 2 in the Supple-
ment). Therefore, following the method of Newhouse et al,21

ICU admission appeared to depend only on distance for ap-
proximately 13% of patients.

In the instrumental variable analysis, which estimates the
effect in this subset of borderline patients and which also con-
trolled for patient and hospital characteristics, ICU admis-
sion was associated with significantly lower 30-day mortality

Table 1. Patient Characteristics by Admission to the ICU vs General Ward

Characteristics
Patients, No. (%)
ICU General Ward

Patients, No.a 328 404 783 990
Age, mean (SD), y 78 (8) 80 (8)

65-74 120 106 (36.6) 223 187 (28.5)
75-84 120 814 (36.8) 276 773 (35.3)
≥85 87 484 (26.6) 284 030 (36.2)

Women 169 078 (51.5) 437 085 (55.8)
Race/ethnicity

White 273 507 (83.3) 688 644 (87.8)
Black 35 696 (10.9) 60 951 (7.8)
Other 19 201 (5.9) 34 395 (4.4)

Urbanitya

Large central metropolitan 81 986 (25.0) 145 992 (18.7)
Large suburban metropolitan 77 100 (23.5) 181 996 (23.3)
Medium metropolitan 67 596 (20.6) 172 286 (22.0)
Small metropolitan 34 888 (10.7) 100 057 (12.8)
Micropolitan 37 660 (11.5) 107 401 (13.7)
Noncore 28 398 (8.7) 74 604 (9.5)

Median household income by zip code, $
<40 000 91 285 (27.8) 203 080 (25.9)
40 000-100 000 218 521 (66.5) 535 203 (68.3)
>100 000 18 598 (5.7) 45 707 (5.8)

Elixhauser comorbidities count,
mean (SD)b

2.6 (1.3) 2.9 (1.3)

Admission source
Outpatient 250 420 (76.3) 619 027 (79.0)
Emergency department 76 391 (23.3) 162 503 (20.7)

Hospital diagnosesa

Pneumonia as primary diagnosis 111 315 (33.9) 643 237 (82.1)
Respiratory failure 221 308 (67.4) 126 661 (16.2)
Sepsis 143 093 (43.6) 102 998 (13.1)
Shock 90 392 (27.5) 9325 (1.2)
Cardiac or respiratory arrest 9421 (2.9) 1901 (0.2)

Type of pneumonia
Unspecified 267 864 (81.6) 695 069 (88.7)
Viral 2904 (0.9) 8348 (1.1)
Bacterial 57 636 (17.6) 80 573 (10.3)

Procedures performed during
hospitalization

Mechanical ventilation 159 346 (48.5) 22 525 (2.9)
Cardiopulmonary resuscitation 9229 (2.8) 1843 (0.2)

Angus organ failure scorec

0 98 547 (30.0) 607 759 (77.5)
1 107 979 (32.9) 154 269 (19.7)
≥2 121 878 (37.1) 21 962 (2.8)

Year of admission
2010 108 136 (29.4) 260 229 (70.6)
2011 112 625 (29.4) 270 888 (70.6)
2012 107 643 (29.9) 252 873 (70.1)

Abbreviation: ICU, intensive care unit.
a There were 11 703 patients (1%) excluded from regression models due to

missing differential distance (n = 5166), admission source (n = 4053),
urban/rural (n = 2430), and pneumonia volume (n = 107).

b All 29 Elixhauser comorbidities are listed in eTable 8 in the Supplement.
c The Angus organ failure score identifies severity of illness by patient organ

failures derived from the administrative record with a maximum score of 6,
and higher scores indicating more organ failures.
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when compared with general ward admission (14.8% for ICU
admission vs 20.5% for general ward admission, P = .02) with
an absolute reduction in 30-day mortality of 5.7% (95% CI,
−10.6% to −0.9%) (Table 4 and eTable 9 in the Supplement).
ICU admission was not associated with significant differ-
ences in payments by Medicare ($9918 for ICU admission vs
$11 238 for general ward admission; absolute decrease, $1320
[95% CI, −$3421 to $781], P = .22) or hospital costs ($14 162 for
ICU admission vs $11 320 for general ward admission; abso-

lute increase, $2842 [95% CI, −$168 to $5851], P = .06) (Table 4
and eTables 10-11 in the Supplement).

Sensitivity analyses demonstrated consistent results in
the estimated benefit of ICU admission across urban and
rural categories, strata of race, organ failures, ICU beds as a
percentage of total hospital beds, after excluding severely ill
patients, or when estimating the association of ICU admis-
sion using inverse probability weighting. None of these
analyses yielded results that were substantially different
from the pooled estimate (Figure). When stratified by
in-hospital mortality, ICU admission was not associated with
significant differences in Medicare spending or hospital costs
(eTable 12 in the Supplement).

Discussion
Among hospitalized patients with pneumonia, ICU admission
of patients for whom the decision appeared to be discretion-
ary was associated with a 5.7% absolute survival advantage
at 30 days compared with patients admitted to general
wards. There were no significant differences in Medicare
spending or hospital costs associated with ICU admission.
Contrary to the prespecified hypothesis, these findings sug-
gest that ICU admission for borderline patients (those for
whom ICU admission depends on the hospital to which they
present) is associated with reduced mortality without a con-
siderable increase in costs.

When interpreting the results of this study, it is impor-
tant to understand the population to which it applies.
Whereas traditional regression models can be applied only to
statistically average patients, the instrumental variable find-
ings apply only to patients with pneumonia whose ICU
admission decision varied depending on distance from a hos-
pital with high ICU admission. This population of patients
does not immediately translate into specific clinical criteria;
however, it is likely that these are patients who would be
admitted to the ICU in one hospital but not another. Such
patients represent those with a borderline or uncertain need
for the ICU. Instrumental variable analyses do not defini-
tively identify the exact size of this population; however, our
results suggest that the population of patients who might
benefit from ICU admission is not trivial, particularly given
the substantial number of Medicare patients with pneumonia
each year. Our results should not, however, be extrapolated
to patients whose ICU triage decision is straightforward—
those who clearly benefit from ICU admission (eg, mechani-
cally ventilated) and those for whom ICU admission is obvi-
ously not indicated (eg, low-risk admissions).23

There are several reasons why ICU admission may be ben-
eficial for borderline patients with pneumonia. First, the ICU
brings patients greater attention from nurses allowing for more
timely recognition of decompensation.28,29 Late admission to
an ICU for patients with pneumonia was associated with worse
outcomes compared with patients with a similar disease se-
verity admitted early to an ICU, at least in a 2-site study.30 Sec-
ond, pneumonia is the most common cause of sepsis, a syn-
drome in which earlier, more aggressive care (more readily

Table 2. Hospital Characteristics by ICU Utilization

Characteristics

Hospitals, No. (%)
High ICU
Admissiona

Low ICU
Admission

Hospitals, No. 1193 1795

Hospital ownership

For profit 361 (30.3) 318 (17.7)

Nonprofit 661 (55.4) 1209 (67.4)

Government 171 (14.3) 268 (14.9)

Medical school affiliation 453 (38.0) 545 (30.4)

Teaching status

No residents 891 (74.7) 1448 (80.7)

Minor teaching program,
<0.25 residents/bed

202 (16.9) 257 (14.3)

Major teaching program,
≥0.25 residents/bed

100 (8.4) 90 (5.0)

Hospital beds

<100 200 (16.8) 568 (31.6)

100-199 373 (31.3) 527 (29.4)

≥200 620 (52.0) 700 (39.0)

ICU beds, %b

<5 166 (13.9) 239 (13.3)

5-10 461 (38.6) 882 (49.1)

>10 566 (47.5) 674 (37.5)

Hospital pneumonia annual case volume,
mean (SD)

359 (287) 446 (348)

Nursing FTE per 1000 patient-days,
mean (SD)

4.0 (1.5) 3.7 (1.5)

Technology index, mean (SD)c 21.9 (14.5) 20.9 (12.4)

Medicaid patients, %

<7 270 (22.6) 734 (40.9)

7-11 406 (34.0) 668 (37.2)

>11 517 (43.3) 393 (21.9)

Census regions

Northeast 148 (12.4) 346 (19.3)

Midwest 438 (36.7) 596 (33.2)

South 319 (26.7) 569 (31.7)

West 288 (24.1) 284 (15.8)

Abbreviations; FTE, full-time equivalent; ICU, intensive care unit.
a High ICU use hospitals were defined as hospitals with an ICU admission rate

for pneumonia in the top 40% of all hospitals over the 3-year period with a
minimum ICU rate of admission for pneumonia of 32%.

b Percentage of hospital beds that are ICU beds.
c The technology index is the weighted sum of the following hospital

capabilities: obstetrics, medical/surgical ICU, cardiac ICU, emergency
department, trauma center, open heart surgery, radiation therapy, computed
tomography, diagnostic radiology, magnetic resonance imaging,
positron-emission tomography, single-photon emission computed
tomography, ultrasonography, and transplantation service.16
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delivered in ICUs than the general ward) has been associated
with reduced mortality.31 Third, many studies,32-34 but not all,35

suggest that ICU admission for pneumonia has been associ-
ated with increased rates of guideline-based treatment, which
has been linked with improved mortality and reduced costs.
Fourth, ICU admission increases the likelihood that a patient
with pneumonia is managed by pulmonary or critical care spe-
cialists, clinicians whose case volume or expertise in pneu-
monia care may yield better outcomes.32,36 Further research
is needed to elucidate these and other potential mechanisms
underlying the ICU’s beneficial association with mortality for
patients with pneumonia. This research could include ran-
domized trials to provide a degree of causal evidence not pos-
sible even from instrumental variable analyses and other ob-
servational approaches.

The study results differ from several that have examined
the association between ICU admission and patient out-
comes, primarily because they sought to answer different ques-
tions. Previous studies assessed the outcomes of average pa-
tients admitted to the ICU with traditional risk adjustment and
have shown increased overall mortality and costs.35,37 Yet, such
studies fail to fully address the confounding by indication for
ICU admission.38 For example, many individuals are denied
admission to the ICU for reasons that cannot be measured by
administrative data or because they do not require life-
sustaining therapies, potentially gaining less additional ben-
efit from ICU-level care that cannot fully be accounted for using
severity of illness measures. This study addresses the poten-
tial for unmeasured confounding with instrumental variable
analyses.

This study should be interpreted in the context of sev-
eral limitations. First, administrative data were used, which
may under-identify or improperly identify patients with
pneumonia.13 However, patients with pneumonia were iden-
tified using a well-established definition from epidemiologic

research, which may better identify patients with pneumonia
than the definition employed by Medicare due to variations
in hospital coding.10-12 Second, it cannot be proven that the
instrument fully addresses unmeasured confounding.23,24

However, subgroup and sensitivity analyses performed to
address this concern corroborated the primary results. Third,

Table 3. Patient Outcomes of Care by Admission to ICU vs General Ward

Outcomes

Patients, No. (%)

ICU General
Total patients 328 404 783 990

Length of stay, median (IQR), d 7 (4-12) 4 (3-6)

Quartiles ($ range)

Total Medicare payment per patient

1 (0-4981) 22 124 (6.7) 256 169 (32.7)

2 (4982-7639) 36 511 (11.1) 241 472 (30.8)

3 (7640-11 162) 88 292 (26.9) 189 783 (24.2)

4 (11 163-882 637) 181 477 (55.3) 96 566 (12.3)

Hospital costs per patienta

1 (153-4614) 16 003 (4.9) 260 844 (33.4)

2 (4615-7389) 34 589 (10.6) 242 305 (31.0)

3 (7390-13 154) 79 773 (24.4) 197 112 (25.3)

4 (13 155-1 375 266) 196 387 (60.1) 80 504 (10.3)

Discharge destination

Home 94 961 (29.1) 476 492 (61.2)

Rehabilitation or nursing facility 114 466 (35.1) 225 484 (28.9)

Dead 79 382 (24.3) 35 709 (4.6)

Other 39 595 (11.5) 46 305 (5.3)

30-d Readmission 61 414 (18.7) 132 548 (16.9)

30-d Mortality 118 001 (35.9) 92 059 (11.7)

Abbreviations: ICU, intensive care unit; IQR, interquartile range.
a There were 4877 patients (0.4%) excluded from regression models due to

missing hospital cost-to-charge ratios.

Table 4. Association of ICU Admission on 30-Day Mortality, Medicare Spending, and Hospital Costs

Model ICU Patients
General Ward
Patients Absolute Difference (95% CI) P Value

30-d Mortality, %

Unadjusted regression 35.9 11.7 24.2 (23.8 to 24.6) <.001

Adjusted regressiona 21.5 17.8 3.7 (3.3 to 4.0) <.001

Instrumental variablea,b 14.8 20.5 −5.7 (−10.6 to −0.9) .02

Mean Medicare payments per patient, $

Unadjusted regression 19 279 7308 11 971 (11 634 to 12 307) <.001

Adjusted regressiona 12 711 10 052 2659 (2513 to 2805) <.001

Instrumental variablea,b 9918 11 238 −1320 (−3421 to 781) .22

Mean hospital costs per patient, $

Unadjusted regression 23 475 7411 16 064 (15 658 to 16 469) <.001

Adjusted regressiona 17 160 10 048 7112 (6874 to 7349) <.001

Instrumental variablea,b 14 162 11 320 2842 (−168 to 5851) .06

Abbreviation: ICU, intensive care unit.
a Model adjusted for all variables in Table 1 and Table 2 in addition to all 29

individual Elixhauser comorbidities. Angus organ failure score, which identifies
severity of illness by patient organ failures derived from the administrative
record with a maximum score of 6, was defined to include all organ failures
numbered 0 to 5 or higher. Higher scores indicate more organ failures.

Hospital region included the 9 US census defined regions. All standard errors
for models were adjusted for clustering of patients within hospitals.

b Two-stage least squares regression of all patients using differential distance to
the nearest hospital with high ICU admission as the instrumental variable,
adjusted for all variables in Table 1 and Table 2, and for clustering of patients
within hospitals.
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because the analysis includes only Medicare beneficiaries, it may
not generalize to a younger population with pneumonia. Fourth,
data was not available to identify either the timing of ICU ad-
mission within a hospitalization or the reason for ICU admis-
sion, preventing an exploration of the chain of events leading
up to ICU admission or the mechanism through which the ICU
may benefit borderline patients. Similarly, although there are
many reasons for the variation in ICU use between hospitals,
this study was unable to examine clinician-specific effects on
ICU triage. Finally, although true economic costs were not ex-
amined and we could not examine physician, facility, or out-
patient payments, hospital costs and Medicare payments rep-
resent the real-world transaction of money between hospitals
and Medicare for patient care.39

These findings may have implications for health system
leaders and policy makers seeking to improve the quality and
efficiency of ICU care. In order to contain US health care costs,
it has been suggested that reducing critical care bed supply
would result in more efficient admission decisions and cost sav-
ings with minimal mortality decrements, particularly in cer-

tain possibly “oversupplied” regions of the country.3,40 This
assertion presumes that ICU admission for more discretion-
ary patients provides minimal benefit but substantially in-
creases costs. The findings of this study conflict with such as-
sertions and suggest that greater rates of ICU admissions for
patients with pneumonia may not only improve survival, but
might do so without significantly increasing hospital costs. In-
deed, if replicated by others, these results could motivate a trial
of increased access to ICU (or ICU-like) care for patients with
pneumonia who might otherwise be cared for on the ward.

Conclusions
Among Medicare beneficiaries hospitalized with pneumonia,
ICU admission of patients for whom the decision appeared to
be discretionary was associated with improved survival and
no significant difference in costs. A randomized trial may be
warranted to assess whether more liberal ICU admission poli-
cies improve mortality for patients with pneumonia.

Figure. Instrumental Variable Subgroup and Sensitivity Analyses for 30-Day Mortality Among Elderly Patients With Pneumonia Admitted to the ICU
vs General Ward

–20 –5 2015105–10 0
Absolute Difference, %

–15

P Value
Favors

ICU Care
Favors General
Ward CareModel

Patients, No.

ICU Care
General
Ward Care

Adjusted
30-d Mortality, %

ICU Care
General
Ward Care

Absolute Difference, %
(95% CI)

.02325 116 775 575 14.8 20.5Original instrumental variable analysis –5.7 (–10.6 to –0.9)

.7281 594 145 626 20.0 22.4Large central metropolitan –2.4 (–15.8 to 10.9)

.6276 798 181 543 18.1 19.8Large suburban metropolitan –1.7 (–8.5 to 5.0)

.2867 253 171 652 15.6 19.7Medium metropolitan –4.1 (–11.5 to 3.4)

.7834 723 99 788 16.2 17.8Small metropolitan –1.6 (–12.4 to 9.2)

.1737 454 106 979 12.6 18.3Micropolitan –5.7 (–13.9 to 2.5)

.4928 199 74 215 14.5 18.3Noncore –3.8 (–14.5 to 6.9)

Subgroup analyses
Urbanicity

.03270 814 68 124 14.6 20.3White –5.7 (–10.8 to –0.6)

.0335 278 60 389 13.8 24.7Black –10.9 (–20.9 to –0.9)

.1319 024 33 972 10.8 24.5Other –13.7 (–31.6 to 4.2)

Race

.00897 558 601 107 5.7 11.70 –6.0 (–10.5 to –1.5)

.02106 863 152 705 19.0 27.71 –8.7 (–16.1 to –1.2)

.81120 695 21 763 48.0 50.7≥2 –2.7 (–24.3 to 19.0)

Angus organ failure score

<.001132 161 748 610 7.0 13.0Excluding severely ill –6.0 (–10.5 to –1.5)
<.001326 021 779 803 22.8 26.1Inverse probability weighting estimates –3.3 (–3.8 to –2.8)

Sensitivity analyses

.3050 616 115 704 15.6 21.1<5 –5.5 (–15.8 to 4.8)

.11125 938 340 799 14.5 20.05-10 –5.5 (–12.2 to 1.3)

.17148 562 319 072 15.2 20.8>10 –5.6 (–13.6 to 2.4)

Hospital beds that are ICU beds, %

ICU indicates intensive care unit; ICD-9-CM, International Classification of
Diseases, Ninth Revision, Clinical Modification. With exception of the inverse
probability weighting estimate, all models used an instrumental variable to
adjust for all variables in Table 1 and Table 2 in addition to all 29 individual
Elixhauser comorbidities and clustering of patients within hospitals. The
regression models excluded 11 703 patients (1%) due to missing differential
distance (n = 5166), admission source (n = 4053), urban/rural (n = 2430),
pneumonia volume (n = 107). The Angus organ failure score identifies severity
of illness by patient organ failures derived from the administrative record with a

maximum score of 6. Higher scores indicate more organ failures. Details of the
inverse probability weighting estimate can be found in eAppendix 2 in the
Supplement. The severely ill subgroup excluded individuals with shock
(ICD-9-CM: 458, 785.5-785.59, 958.4, 998.0), cardiac or respiratory arrest
(ICD-9-CM: 427.5, 799.1), cardiopulmonary resuscitation (ICD-9-CM: 99.60,
99.63), or invasive or noninvasive mechanical ventilation (ICD-9-CM: 96.7,
96.70, 96.71, 96.72, 93.90). Error bars represent 95% CIs for absolute mortality
differences (ICU vs general ward) for all models.
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