
Copyright © 2018 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Late Breaker Articles

Critical Care Medicine www.ccmjournal.org 347

The content is solely the responsibility of the authors and does not neces-
sarily represent the official views of the National Institutes of Health. The 
Department of Veterans Affairs did not have a role in the conduct of the 
study; in the collection, management, analysis, or interpretation of data; 
or in the preparation of the article. The views expressed in this article are 
those of the authors and do not necessarily represent the views of the 
Department of Veterans Affairs or the U.S. Government.

For information regarding this article, E-mail: vranas@ohsu.edu

Objective: Many ICU patients do not require critical care inter-
ventions. Whether aggressive care environments increase risks to 
low-acuity patients is unknown. We evaluated whether ICU acuity 
was associated with outcomes of low mortality-risk patients. We 
hypothesized that admission to high-acuity ICUs would be asso-
ciated with worse outcomes. This hypothesis was based on two 
possibilities: 1) high-acuity ICUs may have a culture of aggressive 
therapy that could lead to potentially avoidable complications and 
2) high-acuity ICUs may focus attention toward the many sicker 
patients and away from the fewer low-risk patients.
Design: Retrospective cohort study.
Setting: Three hundred twenty-two ICUs in 199 hospitals in the 
Philips eICU database between 2010 and 2015.
Patients: Adult ICU patients at low risk of dying, defined as an 
Acute Physiology and Chronic Health Evaluation-IVa–predicted 
mortality of 3% or less.
Exposure: ICU acuity, defined as the mean Acute Physiology and 
Chronic Health Evaluation IVa score of all admitted patients in a 
calendar year, stratified into quartiles.
Measurements and Main Results: We used generalized estimat-
ing equations to test whether ICU acuity is independently associ-
ated with a primary outcome of ICU length of stay and secondary 
outcomes of hospital length of stay, hospital mortality, and dis-
charge destination. The study included 381,997 low-risk patients. 
Mean ICU and hospital length of stay were 1.8 ± 2.1 and 5.2 ± 5.0 
days, respectively. Mean Acute Physiology and Chronic Health 
Evaluation IVa–predicted hospital mortality was 1.6% ± 0.8%; 
actual hospital mortality was 0.7%. In adjusted analyses, admis-
sion to low-acuity ICUs was associated with worse outcomes 
compared with higher-acuity ICUs. Specifically, compared with 
the highest-acuity quartile, ICU length of stay in low-acuity ICUs 
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was increased by 0.24 days; in medium-acuity ICUs by 0.16 days; 
and in high-acuity ICUs by 0.09 days (all p < 0.001). Similar pat-
terns existed for hospital length of stay. Patients in lower-acuity 
ICUs had significantly higher hospital mortality (odds ratio, 1.28 
[95% CI, 1.10–1.49] for low-; 1.24 [95% CI, 1.07–1.42] for 
medium-, and 1.14 [95% CI, 0.99–1.31] for high-acuity ICUs) 
and lower likelihood of discharge home (odds ratio, 0.86 [95% CI, 
0.82–0.90] for low-, 0.88 [95% CI, 0.85–0.92] for medium-, and 
0.95 [95% CI, 0.92–0.99] for high-acuity ICUs).
Conclusions: Admission to high-acuity ICUs is associated with bet-
ter outcomes among low mortality-risk patients. Future research 
should aim to understand factors that confer benefit to patients 
with different risk profiles. (Crit Care Med 2018; 46:347–353)
Key Words: Acute Physiology and Chronic Health Evaluation; 
critical care; intensive care units; patient acuity; resource allocation

Every year, more than 5 million patients are admitted to 
ICUs across the United States, with costs of roughly $82 
billion or 0.66% of the gross domestic product (1, 2). 

Such spending is driven largely by the number of ICU beds and 
their utilization (3). The number of ICU beds in the United 
States steadily increased by 26% from 1985 to 2000 despite a 
concurrent decrease in the total number of hospital beds (4). 
The increased supply of ICU beds in the United States is asso-
ciated with increased ICU utilization (5, 6), even by patients 
unlikely to benefit from critical care (7).

Patients at low risk of dying comprise a substantial propor-
tion of ICU admissions in the United States. Multiple stud-
ies in different healthcare settings have shown that up to 50% 
of patients admitted to ICUs are unlikely to require or benefit 
from critical care interventions or could have received equiva-
lent care in non-ICU settings (8–10). These data highlight the 
potential opportunity to improve the efficiency and value of 
critical care in the United States. Furthermore, there is an addi-
tional concern that ICU admission could actually expose such 
patients to undue risks. For example, hospitals that use ICU 
care more frequently for certain low-risk conditions are more 
likely to perform invasive procedures and incur higher costs, 
but without an associated improvement in hospital mortality 
(11). In addition, ICU patients at low risk of dying who expe-
rience longer than expected ICU lengths of stay (LOS) have 
significantly higher mortality and increased resource con-
sumption compared with patients of similar acuity with LOS 
in the expected range, suggesting that these outcomes may be, 
in part, due to complications suffered while in the ICU (12).

Characterizing the treatment environment associated with 
improved outcomes for patients at low risk of dying will inform 
efforts to improve the efficiency, value, and quality of ICU-
based care. We sought to evaluate whether there is an associa-
tion of admission to ICUs with higher average patient severity 
(defined as high-acuity ICUs) compared with ICUs with lower 
average patient severity (defined as low-acuity ICUs) with out-
comes of patients at low risk of dying. We hypothesized that 
admission to high-acuity ICUs would be associated with worse 

outcomes among low mortality-risk patients. This hypothesis 
was based on two possibilities: 1) that high-acuity ICUs may 
have a culture of aggressive therapy that could lead to poten-
tially avoidable complications and 2) that high-acuity ICUs 
may focus attention toward the many sicker patients and away 
from the fewer low-risk patients.

METHODS

Study Design and Data Source
We conducted a retrospective cohort study using the Philips 
eICU Research Institute Database, which aggregates granular 
clinical and administrative data from an organizationally and 
geographically diverse mix of over 320 participating hospitals 
in the United States (13–15). Further details are available in the 
supplemental data (Supplemental Digital Content 1, http://
links.lww.com/CCM/C976).

Patients and Variables
The cohort included patients 18 years old or older admitted 
to 322 ICUs between 2010 and 2015 who were at low risk of 
in-hospital mortality, defined as Acute Physiology and Chronic 
Health Evaluation (APACHE) IVa–predicted hospital mortal-
ity of 3% or less. APACHE IVa is a validated ICU severity-of-
illness adjustment system that uses physiologic variables to 
predict ICU and hospital mortality and LOS (16). This defini-
tion of low-risk patients was chosen a priori based on both 
expert consensus and prior literature demonstrating a hos-
pital mortality of 2.5% for ICU patients admitted primarily 
for monitoring purposes, who were otherwise at low risk of 
requiring active ICU therapies (10). It was also in line with 
results of a study performed in the VA Healthcare System 
that demonstrated low (< 2%) 30-day predicted mortality for 
patients admitted to the ICU (9).

Figure 1 summarizes patient selection. We excluded admis-
sions to ICUs during years with less than 100 total admissions 
and/or less than 95% valid APACHE IVa data in a calendar 
year. We also excluded patients with invalid or incomplete data 
to calculate an APACHE IVa score; patients with unknown or 
“other” sex; and patients transferred to or from other facili-
ties. For patients with multiple ICU admissions, we excluded 
all subsequent readmissions.

Primary Exposure
The primary exposure was ICU acuity, defined by the mean 
APACHE IVa score for all patients admitted during a calendar 
year regardless of their risk profile. After confirming a near-
normal distribution, we categorized ICU acuity into quartiles 
of low-, medium-, high-, and highest-acuity per ICU-year, to 
facilitate comparison of ICUs and interpretability of the results. 
ICUs could change categories of acuity across individual years 
of the study period, depending on the relative mean APACHE 
IVa score in a given year. The mean range of annual APACHE 
IVa scores for lowest-acuity ICUs was 34.4 to less than 50.0; 
medium-acuity was 50.0 to less than 54.0; high-acuity was 54.0 
to less than 58.0, and highest-acuity was 58.0 to 78.4.
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Outcomes
The primary outcome variable was ICU LOS. Secondary out-
comes were hospital LOS, ICU and hospital mortality, and like-
lihood of discharge to home. For the outcome of likelihood of 
discharge to home, decedents were included in the analysis as 
not being discharged to home.

Other Variables
Potential confounders chosen a priori included patient demo-
graphics, location prior to ICU admission, admitting diagno-
sis, ICU type, hospital teaching status and number of beds, and 
patient APACHE IVa score. Further details of potential con-
founders are available in the supplemental data (Supplemental 
Digital Content 1, http://links.lww.com/CCM/C976).

Analysis
We summarized all variables using standard descriptive statistics. 
We estimated unadjusted differences between ICU acuity levels 
using chi-square tests and Wilcoxon rank sum tests, as appropriate.

We performed patient-level multivariable analyses using 
generalized estimating equations to test for adjusted differ-
ences in ICU and hospital LOS. We built three models for the 
primary outcome of ICU LOS: 1) a simple model including 
only the exposure variable of ICU acuity; 2) a model includ-
ing the exposure variable and patient APACHE IVa scores; and 
3) a fully adjusted model, including all covariates identified a 
priori. There was no difference in effect size or statistical sig-
nificance for the exposure variable between the second and 
third models for the primary outcome. Therefore, we used the 
model adjusted for patient APACHE IVa scores for both pri-
mary and secondary analyses in order to optimize computa-
tional efficiency and because APACHE IVa scores are based on 
several of the covariates we had included in the fully adjusted 
model.

Next, we fit logit models on the secondary outcomes of 
ICU and hospital mortality, and hospital discharge to home. 
We also conducted two sensitivity analyses using: 1) ICU acu-
ity as a continuous variable and 2) a broadened definition of 
low-risk patients defined as APACHE IVa–predicted hospital 
mortality of less than 5%, which represents the median mor-
tality of all patients in the cohort regardless of risk profile. Full 
details of our model-building strategies are available in the 
supplemental data (Supplemental Digital Content 1, http://
links.lww.com/CCM/C976).

Finally, we performed several restricted analyses to explore 
possible mechanisms for our findings. First, we excluded 
trauma patients and patients admitted for coronary bypass 
graft (CABG) surgery because these patients represented the 
majority of LOS outliers (defined as LOS > 99th percentile). 
Patients undergoing CABG surgery also represented the major-
ity of patients with APACHE IVa scores greater than 70. Second, 
we evaluated the role of total annual ICU patient volume by 
adding it to the model. Third, we excluded patients admitted 
with diabetic ketoacidosis (DKA) and neurologic diagnoses 
because the prevalence of these diagnoses differed substantially 
between low- versus highest-acuity ICUs (Table 1). All analyses 
utilized a p value of 0.05 or less as a threshold for significance 
and were completed using Stata version 14 (StataCorp, LLC, 
College Station, TX). All data were de-identified, and the study 
was considered exempt from human subjects review by both 
the Stanford University and Veteran Affairs Portland Health 
Care System Institutional Review Boards.

RESULTS

Characteristics of Patients
The final analysis included 381,997 low mortality-risk patients 
admitted to 322 ICUs in 199 hospitals. Mean ICU and hos-
pital LOS were 1.8 ± 2.1 and 5.2 ± 5.0 days, respectively. Mean 
APACHE IVa–predicted hospital mortality was 1.6% ± 0.8%; 
actual hospital mortality was 0.7% (Supplemental Table 1, 
Supplemental Digital Content 1, http://links.lww.com/CCM/
C976). Slightly more than half of the ICUs (52.2%) were mixed 
medical/surgical ICUs, and the rest were specialty ICUs. The 
average annual patient volume was 990 ± 569, with a minimum 

Figure 1. Combined ICU- and patient-level exclusion criteria.  
APACHE = Acute Physiology and Chronic Health Evaluation, eRI = eICU 
Research Institute.
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of 112 and maximum of 2,964 patients. Hospitals varied 
widely in their number of hospital beds, and 80% of the ICUs 
were non-teaching (i.e., not members of Council of Teaching 
Hospitals and Health Systems) (Supplemental Table 2, Supple-
mental Digital Content 1, http://links.lww.com/CCM/C976) 
(17). Additional data including characteristics of all patients 
in the study cohort (regardless of risk profile) and stratified by 
ICU acuity are available in Supplemental Table 3 (Supplemen-
tal Digital Content 1, http://links.lww.com/CCM/C976).

Table 1 summarizes characteristics and unadjusted out-
comes of the low-risk patients based at admission to ICUs of 
variable acuity levels. The emergency department was the most 
common admission source across all quartiles of ICU acuity, 
followed by the operating room. Cardiac diagnoses represented 
the most common reason for admission. Unadjusted analyses 
revealed a slight increase in ICU LOS (1.8 ± 2.1 vs 1.7 ± 2.2 d; 
p < 0.001) and decrease in hospital LOS (4.7 ± 4.7 vs 5.5 ± 5.3 d; 
p < 0.001) for low-risk patients admitted to low-acuity ICUs 

TABLE 1. Characteristics and Unadjusted Outcomes of Low-Mortality Riska Patients Based 
on Admission to ICUs of Variable Acuity Levels

Characteristics
Low-Acuity ICUs  

(n = 100,987)
Med-Acuity ICUs  

(n = 98,309)
High-Acuity ICUs  

(n = 90,392)
Highest-Acuity ICUs  

(n = 92,309)

Age, mean ± sdb 53.8 ± 16.4 54.8 ± 16.3 52.8 ± 16.5 52.2 ± 16.7

Male, n (%) 56,926 (56.4) 57,227 (58.2) 51,758 (57.3) 53,092 (57.5)

Race, n (%)     

 White 75,419 (74.7) 73,697 (75.0) 68,952 (76.3) 66,816 (72.4)

 Black 11,688 (11.6) 12,585 (12.8) 9,999 (11.1) 12,305 (13.3)

 Other 13,880 (13.7) 12,027 (12.2) 11,441 (12.7) 13,188 (14.3)

APACHE IVa score, mean ± sd 31.9 ± 11.1 35.3 ± 11.9 35.5 ± 12.0 37.0 ± 12.5

APACHE IVa–predicted hospital 
mortality, mean % ± sd

1.6 ± 0.8 1.5 ± 0.8 1.6 ± 0.8 1.6 ± 0.8

Admission source, n (%)

 Emergency department 49,491 (49.0) 46,865 (47.7) 46,666 (51.6) 47,876 (51.9)

 Operating room 24,432 (24.2) 30,570 (31.1) 23,486 (26.0) 21,196 (23.0)

 Ward transfer 6,104 (6.0) 5,954 (6.1) 6,498 (7.2) 6,627 (7.2)

 Direct admit 7,980 (7.9) 5,732 (5.8) 5,579 (6.2) 5,732 (6.2)

 Other 12,980 (12.9) 9,188 (9.3) 8,163 (9.0) 10,878 (11.8)

Admitting diagnosis, n (%)

 Cardiac 29,051 (28.8) 35,838 (36.5) 26,074 (28.8) 22,834 (24.7)

 Diabetic ketoacidosis 5,787 (5.7) 6,950 (7.1) 7,876 (8.7) 9,702 (10.5)

 Gastrointestinal bleeding 3,941 (3.9) 4,150 (4.2) 4,241 (4.7) 5,132 (5.6)

 Neurologic 13,168 (13.0) 7,480 (7.6) 7,508 (8.3) 6,985 (7.6)

 Overdose 6,239 (6.2) 6,422 (6.5) 7,028 (7.8) 7,920 (8.6)

 Respiratory 1,528 (1.5) 1,663 (1.7) 1,381 (1.5) 1,426 (1.5)

 Sepsis 6,196 (6.1) 6,292 (6.4) 6,646 (7.4) 8,000 (8.7)

 Trauma 6,946 (6.9) 3,599 (3.7) 3,983 (4.4) 3,857 (4.2)

 Other 28,131 (27.9) 25,915 (26.4) 25,655 (28.4) 26,453 (28.7)

ICU LOS, mean days ± sd 1.8 ± 2.1 1.8 ± 2.2 1.7 ± 2.1 1.7 ± 2.2

ICU mortality, n (%) 257 (0.3) 284 (0.3) 266 (0.3) 228 (0.2)

Hospital LOS, mean days ± sd 4.7 ± 4.7 5.3 ± 5.1 5.2 ± 5.1 5.5 ± 5.3

Hospital mortality, n (%) 647 (0.6) 707 (0.7) 601 (0.7) 592 (0.6)

APACHE = Acute Physiology and Chronic Health Evaluation, LOS = length of stay.
a    Low-mortality risk defined as APACHE IVa–predicted hospital mortality between 0 and 3%.
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compared with patients admitted to highest-acuity, respec-
tively. There were no significant differences in unadjusted 
ICU mortality (0.3% vs 0.2%, p = 0.742) or hospital mortality 
(0.6% vs 0.6%, p = 0.986).

Comparison by ICU Acuity
Results of the log-gamma and linear multivariable models 
were comparable and demonstrated a significant association 
of increasing average ICU acuity with decreased ICU LOS in 
a dose-dependent fashion (Table 2). Specifically, admission of 
low mortality-risk patients to low-acuity ICUs was associated 
with longer ICU LOS (difference of 0.24 d; p < 0.001) compared 
with admission to of those to the highest-acuity ICUs. Simi-
larly, admission to low-acuity ICUs was associated with longer 
hospital LOS (difference of 0.37 d; p < 0.001). These find-
ings were consistent across all levels of patient APACHE score 
(Fig. 2). Increasing average ICU acuity was also associated with 

decreased hospital mortality and increased odds of discharge 
home from the hospital (Table 3). Admission to the highest-
acuity ICUs was associated with decreased ICU mortality com-
pared with any other category of ICU acuity.

Additional Analyses
For the primary outcome of ICU LOS, a sensitivity analysis 
using ICU acuity as a continuous variable again demonstrated 
that higher ICU acuity was associated with decreased ICU 
LOS. Our findings were also robust in a sensitivity analysis 
defining low-risk patients as those with an APACHE IVa–pre-
dicted mortality of less than 5%. In a restricted analysis exclud-
ing CABG and trauma patients (who comprised the majority 
of LOS outliers within the study cohort), the overall pattern 
of results was the same and statistically significant, though the 
effect size decreased. The addition of annual ICU volume for 
patients across all illness severities as a fixed effect in the model 
resulted in no change in effect size. Finally, in a restricted anal-
ysis excluding patients admitted with DKA or neurologic diag-
noses, the association between ICU acuity and ICU LOS was 
essentially unchanged (Supplemental Table 4, Supplemental 
Digital Content 1, http://links.lww.com/CCM/C976).

DISCUSSION
We found that admission of low mortality-risk patients to 
low-acuity ICUs was associated with longer ICU and hospital 
LOS, higher hospital mortality, and lower likelihood of dis-
charge home from the hospital than those admitted to higher-
acuity ICUs. These results are contrary to our hypothesis that 
admission to high-acuity ICUs would be associated with worse 
outcomes among patients at low risk of dying. Instead, our 
findings suggest that ICUs that routinely care for severely ill 
patients may perform better in the care of less sick ICU patients 
and that these outcomes are robust in nonsurgical patients and 
independent of overall annual ICU volume.

TABLE 2.  Results of Multivariable Analyses 
Demonstrating ICU and Hospital Length 
of Stay Outcomesa for Low-Mortality Riskb 
ICU Patients Based on ICU Acuity

ICU Acuity

Predicted Difference in Days (95% CI)

ICU LOS Hospital LOS

Highest-acuity 1.64 d 4.81 d

High-acuity + 0.09 (0.07–0.12) + 0.10 (0.04–0.17)

Medium-acuity + 0.16 (0.13–0.19) + 0.29 (0.21–0.36)

Low-acuity + 0.24 (0.21–0.28) + 0.37 (0.28–0.46)

LOS = length of stay.
a    All p < 0.001.
b    Low-mortality risk defined as Acute Physiology and Chronic Health 
Evaluation-IVa–predicted hospital mortality between 0 and 3%.
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Figure 2. Expected ICU length of stay (A) and hospital length of stay (B) based on patient Acute Physiology and Chronic Health Evaluation (APACHE) 
IVa score.a,b,c Each line represents the relationship between patient APACHEa IVa score and predicted ICU length of stay, stratified by quartiles of ICU 
acuity. APACHE IVa scores < 10 or > 70 were collapsed into two groups given the small number of patients in the study cohort with scores beyond these 
thresholds. bMargins plot of log-gamma model including interaction term between ICU acuity and APACHE IVa score. cChi-square tests comparing the 
interactions between APACHE and ICU acuity in aggregate for ICU and hospital LOS were significant at p < 0.001 (χ2 = 62.64 and 47.63, respectively).

http://links.lww.com/CCM/C976


Copyright © 2018 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Vranas et al

352 www.ccmjournal.org March 2018 • Volume 46 • Number 3

There are several possible explanations for our findings. First, 
high-acuity ICUs may be more frequently located within larger, 
tertiary or quaternary care hospitals that provide a broader range 
of specialty services and tend to be busier than smaller hospi-
tals. As such, high-acuity ICUs may experience more external 
pressure to discharge less sick patients earlier, to accommodate 
more severely ill patients who could derive greater benefit from 
ICU care, thus leading to shorter ICU LOS. Wagner et al (18) 
recently demonstrated that increases in ICU strain (measured 
as average ICU acuity, census, and admissions) on the days of 
ICU discharge were associated with significantly shorter ICU 
LOS without any association with subsequent death, hospital 
LOS, or likelihood of being discharged home from the hospital. 
These findings suggest that ICUs under pressure, as is common 
in high-acuity ICUs, may safely discharge low mortality-risk 
ICU patients earlier. Taken together, these findings also high-
light the potential opportunity to safely reduce the provision of 
high-cost, low-value ICU care for this group of patients, par-
ticularly in low-acuity ICUs within the United States.

Second, at the ICU level, high-acuity ICUs may more effec-
tively implement and standardize evidence-based organiza-
tional structures and processes of care. For example, the use of 
daily checklists and interprofessional rounds has been associated 
with improved ICU mortality and LOS (19, 20). Staffing models 
that include ready availability of critical care specialists and low 
patient-to-nurse ratios have been also associated with improved 
patient outcomes (21, 22). In addition, clinical protocols for seda-
tion management, adherence to low tidal volume mechanical 
ventilation approaches for patients with acute respiratory distress 
syndrome, and ventilator liberation strategies have demonstrated 
mortality benefit in randomized clinical trials (23–27). Future 
research investigating whether high-acuity ICUs are more adher-
ent than low-acuity ICUs to such evidence-based practices is war-
ranted and could be particularly useful in understanding possible 
mechanisms for our findings. Furthermore, qualitative methods 
including medical ethnography could offer additional insights 
into the relationship between ICU culture, available resources, 
adherence to evidence-based practices, and patient outcomes. 
Such research may enable the identification of previously unmea-
sured and potentially modifiable features of critical care delivery 
systems that are associated with improved outcomes for patients 
with different risk profiles across a variety of healthcare settings.

Interestingly, our results were independent of overall ICU vol-
ume. Prior studies have demonstrated a significant association of 
higher ICU admission volume with improved outcomes among 
critically ill adult patients (28–32). In the largest systematic review 
and meta-analysis published on this topic to date, patients at the 
highest risk of death were most likely to benefit from admission 
to a high-volume center. However, ICU and/or hospital-level 
organizational factors were found to be major determinants of 
the observed volume-outcome relationship (30). Our study adds 
to the literature by focusing on ICU acuity rather than volume 
as the primary exposure. Our results may also inform debates 
regarding regionalization of critical care by offering additional 
insight into potential ICU- and hospital-level factors that enable 
certain ICUs to perform better than others, specifically in the care 
of low-risk ICU patients who represent an important target in 
efforts to improve the overall value of critical care.

Our study has several limitations. First, there is a lack of con-
sensus regarding the definition of low-risk patients. Although 
the definition used for this study was chosen a priori based on 
both expert consensus and literature review, the threshold of 3% 
or less predicted mortality is somewhat subjective. Second, ICUs 
include a diverse mix that vary in size, location, teaching status, 
and ICU type across the United States, but are all participants in 
a tele-ICU program, which is in itself an ICU-level intervention. 
Third, our study could not measure the association of ICU acu-
ity with outcomes of low-risk patients after discharge from the 
hospital because the Philips eICU data set does not collect post-
hospital discharge data. However, we would expect any adverse 
effects to be apparent closer to the time of ICU discharge. Fourth, 
we did not have access to data on other hospital characteristics 
such as ICU staffing models. Although we cannot exclude the 
influence of staffing patterns on outcomes in our study, recent 
literature has demonstrated that high-intensity daytime staffing 
may not be associated with improved mortality after account-
ing for interprofessional rounds, protocols, and other organiza-
tional factors (33). We also were not able to assess the availability 
of hospital beds downstream of the ICU, which may contribute 
to ICU LOS. However, the finding that average ICU acuity had 
similar relationships with both ICU and hospital LOS suggests 
that hospital bed availability was unlikely to be a major factor.

There is also risk of misclassification of ICU acuity. It is possi-
ble that some ICUs in our cohort may appear to be higher-acuity 

TABLE 3. Results of Multivariable Analyses Demonstrating the Association of ICU Acuity 
With ICU and Hospital Mortality, and Odds of Discharge Home From Hospital Among 
Low Mortality-Riska ICU Patients

ICU Acuity
ICU Mortality  
OR (95% CI)

Hospital Mortality  
OR (95% CI)

Discharge to Home  
OR (95% CI)

Highest-acuity Reference Reference Reference

High-acuity 1.30 (1.07–1.59) 1.14 (0.99–1.31) 0.95 (0.92–0.99)

Medium-acuity 1.29 (1.06–1.58) 1.24 (1.07–1.42) 0.88 (0.85–0.92)

Low-acuity 1.32 (1.07–1.64) 1.28 (1.10–1.49) 0.86 (0.82–0.90)

OR = odds ratio.
a    Low-mortality risk defined as Acute Physiology and Chronic Health Evaluation-IVa–predicted hospital mortality between 0 and 3%.
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units due to faulty recording of Glasgow Coma Scale (GCS). 
GCS is an important component of the APACHE IVa score that 
is subject to potentially inaccurate assessment in the setting of 
sedative medications, which are commonly administered to 
critically ill patients (34). However, this issue is common across 
all studies that use APACHE IVa scoring for severity adjustment. 
In addition, our study focuses on comparisons between the 
low-acuity and highest-acuity ICUs, therefore maximizing the 
differences between the exposure variables. Finally, as an obser-
vational study, we cannot rule out the possibility that there is 
unmeasured confounding, such as patient characteristics, rather 
than ICU factors, that may drive the observed associations.

In summary, we found that admission to high-acuity ICUs is 
associated with better outcomes for ICU patients at low risk of 
dying. These results improve our understanding of factors that 
may influence outcomes for low-risk ICU patients and highlight 
the potential opportunity to improve the value and efficiency of 
care for this important and substantial patient population.
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