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Abstract

Rationale

The extent to which geographic variability in ICU admission across the United States is

driven by patients with lower risk of death is unknown.

Objectives

To determine whether patients at low to moderate risk of death contribute to geographic var-

iation in ICU admission.

Methods

Retrospective cohort of hospitalizations among Medicare beneficiaries (age > 64 years)

admitted for ten common medical and surgical diagnoses (2004 to 2009). We examined

population-adjusted rates of ICU admission per 100 hospitalizations in 304 health referral

regions (HRR), and estimated the relative risk of ICU admission across strata of regional

ICU and risk of death, adjusted for patient and regional characteristics.

Measurement and Main Results

ICU admission rates varied nearly two-fold across HRR quartiles (quartile 1 to 4: 13.6, 17.3,

20.0, and 25.2 per 100 hospitalizations, respectively). Observed mortality for patients in

regions (quartile 4) with the greatest ICU use was 17% compared to 21% in regions with low-

est ICU use (quartile 1) (p<0.001). After adjusting for patient and regional characteristics,

including regional differences in ICU, skilled nursing, and long-term acute care bed capacity,

individuals’ risk of death modified the relationship between regional ICU use and an individu-

al’s risk of ICU admission (p for interaction<0.001). Region was least important in predicting

ICU admission among patients with high (quartile 4) risk of death (RR 1.27, 95% CI 1.22–

1.31, for high versus low ICU use regions), and most important for patients with moderate
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(quartile 2; RR 1.63, 95% CI 1.53–1.72, quartile 3; RR 1.56 95% CI 1.47–1.65) and low

(quartile 1) risk of death (RR 1.50, 95% CI 1.41–1.59).

Conclusions

There is wide variation in in ICU use by geography, independent of ICU beds and physician

supply, for patients with low and moderate risks of death.

Introduction

For over three decades researchers and policy experts have examined how marked variation in

the use of the intensive care unit (ICU) may reflect waste and inefficiency in healthcare[1–4].

Studies consistently conclude there are several-fold differences in rates of ICU admission and

the total number of ICU days used for otherwise similar hospitalized patients, particularly

those at the end of life, across both hospitals and geographic regions[3, 4]. This variability in

ICU use is not consistently associated with outcome differences, prompting policymakers to

implement programs such as accountable care organizations to address its underlying causes

and ultimately reduce unnecessary healthcare spending.

The causes of such variation in ICU use, however, are largely unknown. Many researchers

have examined the problem of variation in ICU use through a lens of care of patients who are

severely ill and near the end of life[5, 6]. Advantages of focusing on this population include

that most Americans view the ICU as an unwanted location to die, and care of patients at the

end of life accounts for a disproportionate share of healthcare spending[7, 8]. Some researchers

conclude from this body of work that the problem of inefficiency in use of the ICU is solely

attributable to the care of patients who are dying. Yet this perception neglects the 75% of

healthcare spending that occurs among those who are not at the end of life, a group in which

spending is growing at a faster rate[8]. Moreover, recent studies suggest that up to of 50% of

patients admitted to ICUs do not require life support or have very low predicted risks of death,

suggesting they may not benefit from ICU services[9]. Together, these studies suggest that our

current understanding of the causes of variation in ICU use is incomplete because it fails to

account for the contribution of patients with low anticipated short-term mortality to variability

in ICU use. National efforts to improve efficiency in use of the ICU by targeting patients at the

end of life may ultimately fail if this population accounts for a minority of the variation in how

ICUs are used.

We sought to characterize how an individual’s risk of death contributes to and modifies

their likelihood of ICU admission across geographic regions. Specifically, we examined

patients hospitalized for several common medical and surgical diagnoses in the Medicare pop-

ulation to determine how risk of death modifies the impact of region on an individual’s likeli-

hood of ICU admission. We hypothesized that individuals with a low risk of death would

disproportionately contribute to geographic variation in use of the ICU.

Methods

Study cohort and data sources

We used Medicare Provider Analysis and Review and Beneficiary Summary files to identify all

acute care hospitalizations for one of several conditions among fee-for-service Medicare bene-

ficiaries aged 65 years or older between 2004–2009. We included patients admitted with acute
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myocardial infarction, congestive heart failure, chronic obstructive pulmonary disease, pneu-

monia, gastrointestinal hemorrhage, acute renal failure, ischemic stroke, colectomy, hip frac-

ture surgery, and non-cervical spine fusion. We selected these conditions because they are

among the most common reasons for admissions in the Medicare population, are frequently,

though not universally, admitted to an ICU, and have in hospital mortality rates of greater

than 1%. We identified these conditions using standard ICD-9 codes present in the primary

discharge diagnosis field (see S1 Table).

We limited our analysis to acute care hospitals that billed for ICU care to Medicare. We

linked all hospitalizations to the Healthcare Cost Report and Information System and the

American Hospital Association Annual Survey to provide hospital characteristics. We used the

Dartmouth Atlas of Healthcare and annual US census estimates to provide characteristics and

population denominators for calculation of available resources (e.g. ICU beds per capita) in

the healthcare region where each individual resided based on ZIP codes[10]. The geographic

unit for estimating ICU admission rates and available resources were the 304 (excluding

Alaska and Hawaii) healthcare referral regions (HRR) as defined by the Dartmouth Atlas.

We chose to examine variation across HRRs, as opposed to hospitals, for three primary rea-

sons. First, there is heterogeneity in the patient populations that seek care at different hospitals,

much of which is unmeasured in Medicare claims data. Moreover, heterogeneity is greater

across hospitals than that present across large geographic regions[11]. Thus, our use of HRR

averages out some (but not all) unmeasured differences in patients across hospitals. Second, a

sizeable proportion of critically ill patients are transferred between hospitals, but very few are

transferred across regions[12, 13]. Finally, many of the systems level factors (e.g. number of

intensivists) that were included in our analysis are best, if not only assessed at the population

level.

Determining population-based ICU admission rates

To determine the regional rate of ICU admission we first identified hospitalizations involving

an ICU stay using revenue center codes, excluding intermediate ICU admissions, as previously

defined[14]. We then assigned all ICU admissions to an HRR based upon the individual’s ZIP

code, summed ICU admissions within each HRR, stratified by age, sex, race and annual US

Census-based socioeconomic status (SES)[15, 16], and divided by the eligible population of

strata-specific hospitalizations. SES was derived using a composite measure of six Census vari-

ables representing the dimensions of wealth and income (the median household income;

median value of housing units; and the percentage of households receiving interest, dividend,

or net rental income), education (the percentage of adults 25 years of age or older who had

completed high school and the percentage of adults 25 years of age or older who had com-

pleted college), and occupation (the percentage of employed persons 16 years of age or older

in executive, managerial, or professional specialty occupations) 1. We then age, sex, race, and

SES standardized ICU admission rates—herein referred to as adjusted ICU admission rates—

in the HRRs to the entire population included in the study. This effectively adjusts ICU admis-

sion rates in each HRR for age, sex, race and socioeconomic differences across HRRs. We then

divided HRRs into quartiles of adjusted ICU admission rates and mapped the distribution of

HRR quartiles across the US.

Estimating individual risk of death

To estimate the risk of death for ICU admissions, we generated a multivariable logistic regres-

sion model where hospitalization was the unit of analysis, 30-day mortality was the outcome,

and included age, sex, race, SES, Elixhauser comorbidities[17], qualifying diagnosis, number
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of organ failures[18], and several secondary diagnoses or procedures associated with receipt of

critical care services in the model[19]. The mortality model included variables thought to

plausibly predict 30-day mortality that available in the hospitalization file. No variables were

selected based upon statistical significance, nor were interaction terms evaluated. Discrimina-

tion of the model was assessed with the area under the receiver operating characteristic curve

(AUC). Calibration was assessed using the Hosmer-Lemeshow statistic. We then generated

model-based probabilities of death for each hospitalization and divided the distribution of

probabilities for all ICU patients into quartiles.

Statistical analysis

We calculated summary statistics for regional characteristics and characteristics of patients

admitted to the ICU across regional quartiles of adjusted ICU admission rates using percent-

ages, means (standard deviations [SDs]), and medians (interquartile ranges [IQRs]).

The primary goal of our analysis was to determine whether the relationship between

regional ICU admission rates and an individual’s likelihood of being admitted to the ICU dif-

fered by the individual’s risk of death. To achieve this goal, we first plotted the proportion of

individuals in each quartile of regional adjusted ICU admission rates that had a low, moder-

ate-low, moderate-high, and high risk of death (as defined by quartiles of predicted 30-day

mortality). We then entered the quartile of regional adjusted ICU admission rate into a logistic

regression model as a categorical variable. We interacted this variable with the patient-level

quartile of risk of death. Patient-level ICU admission was the outcome. We then tested the sig-

nificance of the interaction term and generated predictive margins for the model and esti-

mated relative risks from the posterior predictions using stata’s nlcom command. Finally, we

plotted these relative risks of ICU admission to allow comparisons across quartile of regional

ICU admission rate and individual patient risk of death.

The model was adjusted for several aggregate patient and regional characteristics for the

HRR: mean age, proportion female, proportion black race, mean SES, fraction of individuals

with> 3 organ failures, fraction of individuals with > 3 comorbid diagnoses, mean annual

ICU bed occupancy, per capita skilled nursing facility (SNF) beds, ICU, and long term acute

care (LTAC) beds, regional population density, per capita intensivists, per capita specialists,

per capita hospitalizations, market competition (Herfindahl–Hirschman Index[20]), and year.

Per-capita measures of bed supply were normalized to the entire resident population, not just

Medicare beneficiaries. Non-independence of outcomes within a region was accounted for in

the model using generalized estimating equations using HRR as the clustering variable with

robust variance estimates.

Data management and analysis were performed using SAS 9.3 (SAS Institute, Cary, NC)

and Stata 14 (Statacorp, College Station, TX). We conducted the study under a data-use agree-

ment with the Centers for Medicare and Medicaid Services and received approval from the

institutional review board of the University of Michigan (HUM00053488) under a waiver of

informed consent. Data was anonymized and de-identified prior to analysis.

Results

During the study period, there were 15,047,516 hospitalizations with a qualifying condition

admitted to acute care hospitals with an ICU. Twenty percent (n = 3,003,592) were admitted

to the ICU. Age, sex, race, and SES-standardized rates of ICU admission per 100 hospitaliza-

tions varied dramatically across HRRs, from 8.2% to 49.3%. When divided into HRR quartiles,

median ICU admission rates were 13.6%, 17.3%, 20.0% and 25.2% of hospitalizations for quar-

tiles one through four, respectively. Geographic variation in the use of the ICU is shown in
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Fig 1. An interactive version of Fig 1 is available at https://s3-us-west-2.amazonaws.com/

colinrcooke/visualization/incidencemap.html

Characteristics of ICU admissions and regions

ICU patients in regions with the highest quartile of ICU admissions were more often black,

had lower SES, had more comorbid diagnoses, but fewer organ failures during their hospital

stay (Table 1). Mortality was 20.7% in the lowest quartile of ICU admission and declined

across quartiles to 16.6% in the highest quartile of ICU admission. Concordance between

observed and predicted mortality across quartiles was high. There were also small but statisti-

cally significant differences in age, sex, and case-mix across regions. Regions with the highest

ICU admission rates had greater per-capita ICU beds, long-term acute care beds, and skilled

nursing beds (Table 2). However, skilled nursing beds were greatest in quartile 3. High ICU

use regions also had the fewest available per-capita intensivists and specialists.

Relationship between ICU admission rate and mortality—Bivariate

analysis

Discrimination of the predictive model for 30-day mortality was good (AUC 0.79, S2 Table).

Calibration was imperfect (Hosmer-Lemeshow p<0.01). After grouping individuals admitted

to the ICU into quartiles of risk of death, the median risk of death at 30 days for mortality

quartile 1 through 4 was 2.7%, 5.8%, 10.6%, and 28.8%, respectively. Patients with the greatest

risk of death were more represented among HRRs in the lowest quartile of adjusted ICU

admission rate (Fig 2). For example, only 21.7% of patients in HRRs in the highest quartile of

ICU use had the greatest risk of death compared to 28.7% of patients in the lowest quartile of

ICU use (p<0.001).

Fig 1. Variation in age, sex, race and socioeconomic status standardized ICU admission rates (per

100 hospitalization) across health referral regions the United States. Socioeconomic status was derived

using a composite measure of six Census variables representing the dimensions of wealth and income (the

median household income; median value of housing units; and the percentage of households receiving

interest, dividend, or net rental income), education (the percentage of adults 25 years of age or older who had

completed high school and the percentage of adults 25 years of age or older who had completed college), and

occupation (the percentage of employed persons 16 years of age or older in executive, managerial, or

professional specialty occupations).

doi:10.1371/journal.pone.0166933.g001
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Multivariable analysis

After adjusting for aggregate patient characteristics in the region and regional characteristics,

individuals living in HRRs with greater ICU use were more likely to be admitted to the ICU

regardless of their risk of death (Fig 3); however, risk of death modified this relationship (p for

interaction <0.001). Among individuals with the greatest risk of death, living in a high ICU

Table 1. Characteristics of patients across HRR quartiles of age, sex, race, standardized ICU utilization.

Characteristics of patients by HRR Median (range) ICU admissions per 100 hospitalizations in HRR P value

Quartile 1 Quartile 2 Quartile 3 Quartile 4

13.6% (8.1–15.5%) 17.3% (15.6–18.7) 20.0% (18.7–21.7) 25.2% (21.8–49.3)

Number of ICU admissions(total) 373,146 813,939 942,909 873,598

Age(%)

65–74 yrs 34.7 35.4 35.2 35.0 <0.001

75–84 yrs 40.6 40.6 40.3 40.4 <0.001

85+ yrs 24.7 24.0 24.5 24.6‘ <0.001

Female(%) 51.8 51.9 51.8 52.0 0.02

Race(%)

Black 8.1 10.7 8.5 9.4 <0.001

Non-Black 91.9 89.3 91.5 90.6

SES(%)

1 (low) 11.9 12.6 14.9 18.5 <0.001

2 20.8 23.1 27.7 29.5 <0.001

3 (high) 67.3 64.3 57.5 52.0 <0.001

Diagnosis (%)

CHF 22.8 23.1 22.6 22.6 <0.001

Pneumonia 19.3 19.5 19.4 19.7 <0.001

COPD 11.3 11.6 11.7 11.2 <0.001

AMI 10.9 10.7 11.6 11.1 <0.001

Ischemic stroke 8.5 8.6 8.4 8.6 <0.001

Hip fracture repair 8.0 7.8 7.9 8.2 <0.001

Renal failure 6.7 6.8 6.6 6.2 <0.001

GI bleed 6.4 6.3 6.2 6.3 <0.001

Colectomy 3.8 3.6 3.5 3.6 <0.001

Non-cervical spine fusion 2.3 2.1 2.1 2.5 <0.001

# of Comorbidities(%)

0 7.2 6.8 6.8 6.6 <0.001

1 21.3 21.9 21.1 20.8 <0.001

2 29.8 29.7 29.6 29.3 <0.001

3+ 41.2 42.2 42.5 43.4 <0.001

# of Organ Failures (%)

0 58.4 59.9 62.5 67.1 <0.001

1 28.3 27.9 26.6 24.2 <0.001

2 10.2 9.4 8.5 6.8 <0.001

3+ 3.1 2.8 2.4 1.8 <0.001

Actual 30-day Mortality (%) 20.7 19.5 18.9 16.6 <0.001

Predicted 30-day Mortality (%) 21.0 19.6 18.4 16.3 <0.001

AMI, acute myocardial infarction, CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; HRR, health referral

region; ICU, intensive care unit; SES, socioeconomic status.

doi:10.1371/journal.pone.0166933.t001
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admission region (top HRR quartile) was associated with 27% increase in risk of ICU admis-

sion (RR 1.27, 95%CI 1.22–1.31), compared to the lowest quartile of ICU use. In contrast, for

individuals with the lowest risk of death, living in high ICU admission region was associated

with a 50% increase in the risk of ICU admission compared to the lowest quartile of ICU use

(RR 1.50 95% CI 1.41–1.59). However, the greatest increase in likelihood of ICU admission

across HRR quartiles was seen among individuals with moderate risks of death, where high

compared to low ICU use regions increased risk of ICU admission by 63% and 56%, for

patients in quartiles 2 and 3 for risk of death.

Discussion

In this retrospective cohort study of patients hospitalized with one of a broad array of medical

and surgical conditions, we demonstrated that there was wide variability in the use of the ICU

Table 2. Availability of regional resources.

Characteristics of HRR Median (range) ICU admissions per 100 hospitalizations in HRR P value

Quartile 1 Quartile 2 Quartile 3 Quartile 4

13.6% (8.1–15.5%) 17.3% (15.6–18.7) 20.0% (18.7–21.7) 25.2% (21.8–49.3)

Hospitalizations / 100 beneficiaries 8.7 9.0 8.9 8.6 0.47

Annual ICU bed occupancy, %, Mean (range) 63.7% (33.1–

95.9%)

66.1% (34.4–

93.9)

63.2% (35.5–

91.2)

64.1% (30.8–

100%)

0.73

ICU beds, per 10,000 population, Median (range) 1.99 (0.79–4.47) 2.44 (0.90–5.05) 2.68 (1.14–9.20) 2.95 (0.83–10.50) <0.01

Long-term acute-care beds, per 1,000 population, Median

(range)

0 (0–50.6) 2.97 (0–78.9) 4.26 (0–44.2) 6.88 (0–58.6) 0.24

Skilled nursing beds, per 10,000 population, Median (range) 46.0 (11.5–129.3) 55.6 (16.5–173.8) 66.3 (21.4–132.9) 61.5 (13.9–144.3) 0.47

Intensivists / 100,000 population, median (range) 1.45 (0.4–3.28) 1.44 (0.21–3.01) 1.37 (0.25–3.81) 1.31 (0.2–2.95) 0.15

Specialists / 100,000 population, median (range) 122.1 (88.1–185.9) 118.6 (83.4–

179.8)

115.0 (90.2–

194.7)

114.1 (68.3–215.0) 0.08

ICU, intensive care unit; HRR, health referral region.

doi:10.1371/journal.pone.0166933.t002

Fig 2. Fraction of patients at high-risk of death by strata of age-, sex-, race-adjusted HRR-level ICU

admission. High risk of death defined as individuals in the top quartile of predicted risk of death.

doi:10.1371/journal.pone.0166933.g002
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across geographic regions, independent of measured patient characteristics including severity

of illness, and regional characteristics. Patients with low, moderate, and high risks of death all

contributed to regional variation in ICU admission rates. Region was a more important con-

tributor to the likelihood of ICU admission for individuals with low risk of death compared to

individuals with high risk of death. However, region was most important among individuals

with moderate risks of death. These data suggest that variability in the use of the ICU is not

limited to individuals with the greatest risk of death or those at the end of life, but is also attrib-

utable to individuals with low and moderate risk of death.

Although it may seem intuitive that geographic region is an influential driver of ICU admis-

sion for individuals with low to moderate risks of death, the empiric data to support this is lim-

ited. Most studies have focused on either quantifying hospital-level variation in use of the ICU

for individuals at the end of life[21], or those with low risk conditions, such as diabetic ketoaci-

dosis[22], congestive heart failure[23], acute myocardial infarction, pulmonary embolism[24],

or describing geographic variation in use of the ICU for individuals at the end of life[25].

These studies suggest that ICU admission practice varies dramatically across hospitals regard-

less of the risk of death of the population studied, and across regions for individuals at the end

of life. Our study complements this prior work and suggests that patients with low and moder-

ate risks of death contribute to geographic variation in ICU use, and, in fact, are the exact pop-

ulation in which geographic region is most influential in determining ICU admission.

Our results have important implications for health system leaders and policy makers inter-

ested in improving the efficiency of ICU use. Much of the current focus on improving ICU

efficiency revolves around eliminating overuse among individuals who are at the end of life.

For example, a major thrust of the palliative care and hospice movements is to reduce unneces-

sary and often unwanted care during the dying process, including care provided in the ICU

[26]. The focus of efforts of these movements is to encourage patients to articulate their values

and goals of care and facilitating delivery of care concordant with those values and goals[27].

Fig 3. Association between regional ICU admission rate and patient-level risk of ICU admission,

stratified by predicted risk of death. Relative risk represents the risk of ICU admission for a patient living in

a given region relative to a region with a low ICU admission rate.

doi:10.1371/journal.pone.0166933.g003
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Though targeting a sizeable proportion of ICU use and total Medicare spending, these efforts

may fail to maximize improvements in ICU efficiency[8, 28]. This is because they neglect indi-

viduals with lower risks of death who are also often unnecessarily admitted to the ICU and, as

we have shown, strongly contribute to geographic variability in ICU admission rates.

The optimal way to reduce use of the ICU for individuals with little ability to benefit but are

not at the end of life is unknown. One compelling proposal is through constraining ICU bed

capacity to force providers to either implicitly or explicitly ration use of existing beds[29]. Sev-

eral studies indicate that ICU bed availability is central to the decision to admit a patient to

ICU, and providers often change their decision-making and goals of care conversations with

patients when beds are scarce[30, 31]. Constraining ICU bed capacity could be accomplished

through leveraging existing certificate of need laws in states where they currently regulate hos-

pital beds. Recent data suggest that such efforts need not be national, but could target specific

states where ICU bed capacity is rapidly growing[32]. However, it is important to note that the

wide variability in ICU admission rates across regions that we observed was independent of

measures of ICU, LTAC, and skill nursing bed capacity, suggesting that capacity constraints

alone may be an inadequate remedy to inefficient use of ICU beds. Moreover, recent data

suggests that capacity constraints, for some populations, may worsen care[33, 34]. Further

research is needed to determine whether existing certificate of need laws effectively constrain

ICU admission, and whether such constraints may identify a lower threshold in capacity

beyond which patients may be harmed[33].

Alternatively, characterizing and targeting regional differences in provider norms of prac-

tice may also address the observed geographic variation in ICU use. Variation in provider

norms of practice surrounding ICU triage may explain why a region’s influence on likelihood

of ICU admission was greatest for individuals with moderate risk of death in our analysis.

When providers confront ICU triage for this population—that is, individuals in the middle of

the spectrum of disease severity and the greatest uncertainty surrounding their likelihood of

benefit from the ICU—they may turn to heuristics, local norms, or protocols to aid in deci-

sion-making. For example, providers often rank ICU policies among the most important fac-

tors considered when making ICU triage decisions[30]. This is exemplified in recent work

demonstrating that many hospitals require ICU admission for individuals with diabetic ketoa-

cidosis requiring continuous insulin infusion[22, 35]. Uncertainty in a patient’s prognosis has

also been linked to wide variability in resource use for the critically ill in other studies[36].

The extent to which these heuristics, norms, or protocols are variably employed across

regions when there is uncertainty in a patient’s ability to benefit from ICU care is not known.

Barnato and colleagues demonstrated that provider norms of care and staff perceptions of hos-

pital norms at the end of life differ across geographic regions[37], but little is known about

how such factors variably influence ICU triage for individuals with low or moderate risks of

death. It is likely, given the greater uncertainty in outcomes and the ability to benefit from ICU

care among individuals with moderate risk of death, that norms may vary dramatically, poten-

tially contributing to differences in ICU triage. Future research charactering how norms of

ICU triage, protocol use, and employment of heuristics when triaging a patient to the ICU is

needed to identify alternative modifiable pathways to reduce overuse of the ICU.

Our study should be interpreted in the context of several limitations. The first is its use of

administrative claims data and its inability to fully capture an individual’s risk of ICU admis-

sion and death. We estimated risk of death using the best available measures to account for

severity of illness in administrate claims in a model with good discrimination, but there

remains potential for such estimates to misclassify patients. The model’s calibration was

imperfect, although this is often true of models built upon such large sample sizes[38]. Second,

our study population included only individuals older than 65 years enrolled in fee-for-service
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Medicare. Although our results may not fully generalize to younger patients or those with

other types of insurance, the majority of critical care in the United States is provided to indi-

viduals over age 65 years[39, 40]. Third, we were unable to account for regional variability in

intermediate care ICU beds in our analysis, a growing alternative care location for individuals

with critical illness, because no existing data source accurately captures these beds[41]. Finally,

when characterizing the relationship between a region’s influence on risk of ICU admission

and risk of death, we adjusted for several regional differences in population characteristics,

bed supply, physician staffing, and market competition. Nevertheless, there remains potential

for residual confounding from unmeasured regional characteristics.

Conclusions

Care delivered in the ICU is an important contributor to growth in healthcare spending in the

US and has become a focus of efforts to improve the value of inpatient care There is wide varia-

tion in in ICU use by geography, independent of ICU beds and physician supply, for patients

with low and moderate risks of death. As survivorship of critical illness grows, efforts to

improve ICU efficiency need to further delineate the causes of such geographic variation.
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