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Abstract

Objective: Prior studies investigating hospital mechanical ventilation (MV) volume-outcome 

associations have had conflicting findings. Volume-outcome relationships within contemporary 

MV practices are unclear. We sought to determine associations between hospital MV volume and 

patient outcomes.

Design: Retrospective cohort study.

Setting: The California Patient Discharge Database 2016.
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Patients: Adult non-surgical patients receiving MV.

Interventions: The primary outcome was hospital death with secondary outcomes of 

tracheostomy and 30-day readmission. We used multivariable generalized estimating equations to 

determine the association between patient outcomes and hospital MV volume quartile.

Measurements and Main Results: We identified 51,689 patients across 274 hospitals who 

required MV in California in 2016. 38.2% of patients died in the hospital with 4.4% receiving a 

tracheostomy. Among survivors, 29.5% required readmission within 30 days of discharge. Patients 

admitted to high vs low volume hospitals had higher odds of death (Quartile 4 vs Quartile 1 

adjusted OR=1.40, 95% CI 1.17–1.68) and tracheostomy (Quartile 4 vs Quartile 1 adjusted 

OR=1.58, 95% CI 1.21–2.06). However, odds of 30-day readmission among survivors was lower 

at high vs low volume hospitals (Quartile 4 vs Quartile 1 adjusted OR=0.77, 95% CI 0.67–0.89). 

Higher hospital MV volume was weakly correlated with higher hospital risk-adjusted mortality 

rates (ρ=0.16, p=0.008). These moderately strong observations were supported by multiple 

sensitivity analyses.

Conclusions: Contrary to previous studies, we observed worse patient outcomes at higher MV 

volume hospitals. In the setting of increasing use of MV and changes in MV practices, multiple 

mechanisms of worse outcomes including resource strain are possible. Future studies investigating 

differences in processes of care between high and low volume hospitals are necessary.
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Introduction

Hospital volume–outcome relationships have garnered significant attention based on the 

theory that ‘practice makes perfect’. Researchers have demonstrated improved outcomes at 

high volume hospitals for several surgical procedures and several critical care conditions.1–5 

Positive hospital volume relationships have driven regionalization of complex surgical care, 

but debate continues regarding the benefits of regionalization of critical care practices.6–10

Invasive mechanical ventilation (MV) has been a particular case of interest for volume-

outcome relationships. MV is a common yet complex process of care that involves 

coordination across multiple specialties (physicians, nurses, respiratory therapists, etc.). 

Greater experience may lead to improved outcomes or greater numbers can strain limited 

hospital resources. Studies analyzing hospital MV volume relationships, many of which 

used data more than a decade old, have arrived at conflicting conclusions about the volume-

outcome relationship. Although several studies demonstrated improved outcomes at higher 

volume hospitals, others suggested no volume-outcome association for MV.11–14

MV practices have changed significantly since the studies evaluating MV volume-outcome. 

In the setting of shifts in MV practices towards lung protective ventilation, decreasing MV 

mortality, increasing utilization of long-term ventilation, and large increases in advanced 

directives limiting aggressive care, we sought to determine contemporary associations 
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between hospital MV volume and patient-centered outcomes.15–19 Changes in the nature of 

volume-outcome relationships for such a fundamental critical care process as MV would 

have profound implications for discussions on regionalization of critical care. As MV 

mortality has been decreasing over time for a variety of reasons, we hypothesize that 

hospital volume will not be associated with patient outcomes.16, 17, 20

Materials and Methods

Please see the Online Supplemental Methods for full details on the study design and 

statistical analysis.

Patients:

We conducted a retrospective cohort study of the California Office of Statewide Health 

Planning and Development Patient Discharge Database (PDD) from 2016.21 The PDD 

contains administrative discharge data for 100% of non-federal hospital discharges in 

California as well as patient linkage data to track hospital readmissions.22 We identified 

adult, nonsurgical patients admitted to an acute care hospital who required MV using 

International Classifications of Disease, 10th edition (ICD-10) billing codes (Table E1).23 

We excluded patients who were transferred to or from another hospital, patients with 

unknown vital status, and patients admitted to hospitals with fewer than 25 cases of 

nonsurgical MV in 2016. For individuals with multiple admissions requiring MV in 2016, 

we selected a random admission for inclusion.

Exposures and Outcomes:

The primary exposure was hospital MV volume divided into quartiles in order to account for 

non-linear volume-outcome relationships. Our primary outcome was hospital mortality with 

the secondary outcomes of tracheostomy and unplanned 30-day readmission among hospital 

survivors. We additionally investigated the association of hospital MV volume on hospital 

risk-adjusted rates of the primary and secondary outcomes.

Statistical Analysis:

We performed univariate testing for differences in patient-level variables with ANOVA 

testing, linear regression, Chi-Square tests, and Cochran-Armitage tests for trends across 

hospital MV quartiles as indicated. We used generalized estimating equations with a 

compound symmetry covariance structure to account for correlation within hospitals to 

determine the association of the patient outcomes with hospital MV volume quartile. We 

calculated hospital risk-adjusted outcome rates using hierarchical regression models with the 

hospital as a random intercept. We compared hospital MV volume quartile with hospital 

risk-adjusted outcome rates using ANOVA testing with Tukey’s multiple comparison test for 

pairwise comparison and Spearman correlation tests. We adjusted statistical models for 

patient demographics including race/ethnicity and primary insurance payer, comorbidities, 

acute organ failures present on admission (markers of severity of illness) (Table E2), 

common causes of respiratory failure (pneumonia, COPD, asthma, heart failure, severe 

sepsis, septic shock, and acute respiratory distress syndrome (ARDS)) (Table E3), and early 

do-not resuscitate (DNR) status.24–26 Risk-adjustment with administrative data within this 
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dataset had similar performance characteristics to physiologic predictors such as APACHE 

and SOFA. We included demographics such as race/ethnicity and primary insurance payer as 

both have been shown to be associated with MV outcomes and can be viewed as surrogates 

of social determinants of health that are associated with multiple patient outcomes.16 

However, the association of primary payer may be unique to the United States as insurance 

and healthcare payment structures differ greatly in other countries.

Sensitivity Analyses:

We performed multiple sensitivity analyses the details of which can be found in the Online 

Supplement. (1) In order to assess the total impact of MV volume, we included surgical 

patients in determining the volume-outcome relationship. (2) We restricted the MV cohort to 

those patients who were intubated within 48 hours of admission and to patients who received 

MV for greater than 24 hours. (3) As MV quartiles can be defined in multiple ways, we 

determined volume-outcome associations with MV quartiles defined by equal numbers of 

patients as opposed to equal numbers of hospitals. (4) We selected a random hospitalization 

from 2016 for patients with multiple hospitalizations. We conducted 2 additional sensitivity 

analyses in which we selected the first hospitalization for each patient in 2016 and another in 

which we selected the last hospitalization in 2016. (5) In order to reduce the possible risk of 

bias from differential transfer practices across quartiles (e.g. if all low MV volume hospitals 

transfer their sickest patients to high volume hospitals leading to artificially lower mortality 

at low volume hospitals) we conducted a sensitivity analysis where patient outcomes for 

transfer patients were attributed to the originating hospitals. (6) To reduce misclassification 

bias solely related to newer ICD-10 codes, we conducted the same analyses with the PDD 

2014 which used ICD-9-CM codes. (7) In order to address the potential competing risks 

between hospital death and tracheostomy, we conducted an additional sensitivity analysis in 

which we analyzed the volume-outcome association for the composite outcome of hospital 

death or tracheostomy. From a patient-centered perspective, both tracheostomy and death are 

often considered to be ‘negative outcomes’.27

In order to further address unmeasured confounding, we calculated the ‘e-value’ for our 

primary analysis and for our 2014 analysis.28, 29 The e-value is new method to address the 

issue of unmeasured confounding in observational research and describes the strength an 

unmeasured confounder would need to have over and above adjustment for measured 

confounders to shift the observed effect to the null.30 Finally, in order to test the association 

of hospital volume and outcomes in the presence of unmeasured confounding, we conducted 

an instrumental variable analysis with patient differential distance to the nearest high volume 

hospital (distance to the nearest high volume hospital minus distance to the nearest hospital) 

as the instrument.13, 31 Instrumental variable analyses use a variable strongly associated with 

the exposure (hospital MV volume) but only associated with the outcome through its 

association with exposure to quasi-randomize patients to the exposure of interest.32, 33 The 

result represents the strength of the association for the ‘marginal patient’ who would 

experience different outcomes based on the hospital to which they are admitted.34 We used a 

2 step least squares regression approach as well as a less conventional 2 step logistic 

regression to determine the absolute risk difference for the marginal patient between high 
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and low volume hospitals as well as the adjusted odds ratio (aOR).32, 33, 35, 36 Details of the 

instrumental variable analysis can be found in the Online Supplemental Methods.

All statistical testing was two-tailed and performed with a critical alpha=0.05 threshold with 

SAS v9.4 (SAS Institute, Cary, NC). The study was approved by the California Committee 

for Protection of Human Subjects (Sacramento, CA) and deemed exempt by the National 

Jewish Health Institutional Review Board (Denver, CO).

Results

We identified 51,689 patients across 274 hospitals meeting the inclusion criteria and 

requiring MV in California in 2016 (Figure 1). In this cohort of mechanically ventilated 

patients, 38.2% died in the hospital, 4.4% received a tracheostomy, and 29.5% of survivors 

were readmitted within 30 days of hospital discharge.

Patient Characteristics:

Hospital MV volume varied widely between hospitals (median 170 cases, IQR=196 cases, 

range 25–953 cases). Table 1 presents key patient characteristics across hospital MV volume 

quartiles.25 High hospital MV volume hospitals tended to have fewer white patients, while 

middle quartile hospitals tended to have fewer Medicaid patients. Markers of severity of 

illness did not substantially differ between hospital MV volume quartiles. Slightly lower 

rates of organ failures at high volume hospitals may suggest a lower threshold to initiate MV 

in these hospitals. Higher quartile hospitals had lower rates of patients with any diagnosis of 

pneumonia and COPD exacerbation compared to lower quartile hospitals.

Patient Outcomes:

Patients admitted to hospitals with higher vs lower hospital MV volume had higher risk-

adjusted hospital mortality (Quartile 4=38.6% vs Quartile 1=34.2%, aOR=1.40, 95% CI 

1.17–1.68) and tracheostomy (Quartile 4=4.5% vs Quartile 1=3.5%, aOR=1.56, 95% CI 

1.20–2.03) (Table 2). Conversely, patients admitted to higher MV volume hospitals had 

lower odds of 30-day readmission (Quartile 4=35.1% vs Quartile 1=28.7%, aOR=0.77, 95% 

CI 0.67–0.89).

Hospital Outcomes:

When comparing hospital risk-adjusted outcome rates across hospital MV volume quartiles, 

we observed significant differences in mean hospital risk-adjusted rates of hospital death 

(p=0.03), tracheostomy (p=0.01), and 30-day readmission (p=0.01) across hospital quartiles 

(p-values indicate difference in means using the ANOVA test) (Table E8). In pairwise 

comparisons between quartiles, there was only a statistically significant difference in 

hospital risk-adjusted outcome rates for all outcomes between Quartile 1 and Quartile 4 

(Figure 2). We observed a weak positive correlation between hospital risk-adjusted outcome 

rates of death (ρ=0.16, p=0.008), and tracheostomy (ρ=0.15, p=0.01), but negatively 

correlated with 30-day readmission (ρ=−0.22, p=0.0002) (Figure 3).
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Sensitivity Analyses:

The findings were consistent across multiple sensitivity analyses. Inclusion of all patients 

who received MV, including surgical patients, strengthened the inverse volume-outcome 

association, especially for the secondary outcome of tracheostomy (Table E9). Adjustments 

to the definition of the MV cohort, attributing outcomes for patients who were transferred to 

the originating hospital, choosing the first or last hospitalization for patients with multiple 

hospitalizations in 2016, and using data from the PDD 2014 to reduce the chances of 

misclassification bias solely from the use of newer ICD-10 codes showed similar results to 

our primary analysis (see Online Supplemental Results and Table E10–E18). Based on the e-

value, an unmeasured confounder would need to have an aOR=1.65 in order to shift the 

association between hospital MV volume and hospital mortality to the null. In the 

instrumental variable analysis, marginal patients admitted to a high vs low MV volume 

hospital experienced a 10.0% (95% CI 8.2 – 11.8) higher hospital mortality rate. Patients 

with higher vs lower probability of admission to a high MV volume hospital had higher 

adjusted odds of death (aOR=1.40, 95% CI 1.05–1.88).

Discussion

We investigated the association of hospital MV volume with patient and hospital outcomes 

on a population level in a cohort with wide hospital MV volume variation. In contrast to 

previous studies and our hypothesis, we observed worse patient outcomes at high volume 

hospitals including death and tracheostomy. Lower risk of readmission at high volume 

hospital may reflect the fact that marginal patients at high volume hospitals die and, thus, are 

not eligible for readmission. Our findings were robust to multiple sensitivity analyses 

including quantification of the effects of unmeasured confounding.

Our findings must be viewed in the context of the confusing history of investigations in the 

volume-outcome association for MV. Both Needham et al and Kahn et al used data from 

before 2003 to identify worse outcomes for patients at low MV volume hospitals.11, 14 A 

follow-up study using Pennsylvania state discharge records from 2004–2006 found similar 

findings with an instrumental variable analysis and clinical risk-adjustment but not 

administrative risk-adjustment.13 Cooke et al analyzed the VA database in 2009 and found 

no volume-outcome association for MV.12 More recently, Ike et al showed improved 

outcomes specifically for patients with ARDS at high ARDS centers.37 These studies raise 

questions about the evolution over time of the MV volume-outcome relationship as well as 

differences across MV subtypes. The variable findings raises the possibility that the volume-

outcome relationship for MV, and possibly other critical care processes, may be context 

specific. Nonetheless, the studies are still cited in arguments for regionalization of critical 

care services despite the lack of context-specific investigations supporting wide 

implementation of “high volume centers of excellence”.6, 7, 10, 14

Several factors may help explain our contradictory findings that raise the potential for harm 

at extremely high volume beyond the simple explanation that investigations of MV volume 

relationships are context specific. Firstly, our study was the largest to date from a patient and 

hospital number perspective. Understanding volume-outcome relationships sufficient 

hospital numbers to create stable comparisons. In Needham et al’s study, the top 2 quintiles 
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had only 6 and 13 hospitals respectively, suggesting significant imbalance across quintiles.14 

Kahn et al’s NEJM study compared differences in only 37 hospitals in the APACHE 

network which were likely not representative of the wide variation in hospital types (e.g. 

small community vs large academic vs for-profit).11 Cooke et al’s study MV volume was 

significantly lower than all other published studies with the highest quartile in their study 

having the same MV incidence as the lowest quartile in Kahn’s study and ours.12 Our 

findings may differ from prior studies based on the size, diversity, and number of hospitals 

in our patient sample allowing for more stable estimates across quartiles.

A second key consideration for our disparate findings is the influence of secular trends in 

MV. In the last 2 decades the incidence for MV has doubled, hospital mortality has 

decreased by one quarter, and MV practices have dramatically changed with shifts towards 

lower tidal volume and higher PEEP.16–18, 20 As best practices disseminate to smaller non-

academic hospitals, outcome differences based on volume may be reduced. Such secular 

trends may also influence volume-outcome relationships for processes other than MV.

However, the novelty of our findings is the potential for harm at high volume hospitals and 

secular trends alone would be unlikely to result in such a dramatic change in the association. 

Therefore, we speculate that a key mechanism of our findings may be hospital strain and 

increased burnout at high volume hospitals as has been suggested for non-invasive 

ventilation and ICU/hospital readmission.38–40 Despite the rapid growth in MV in the last 2 

decades, similar increases in resources such as nurses, respiratory therapists, physicians and 

critical care beds have not been observed.41 As such, the shift in volume-outcome 

relationship may reflect an inflection point at which higher volumes actually lead to worse 

outcomes as supported by the fact that the primary hospital-level difference in quartiles was 

observed between the highest and lowest quartile. MV, like non-invasive ventilation and 

ICU/hospital readmission reduction programs, is a complex multi-disciplinary process of 

care that may be more susceptible to strain at high volume compared to surgical procedures.

Healthcare provider burnout may also be a key mediator of the proposed strain relationship. 

Critical care providers (nurses and physicians) have some of the highest rates of burnout 

syndrome in the healthcare field reaching epidemic proportions based on some studies.42–45 

Higher workload has been shown to be a significant contributor to burnout and burnout itself 

has been shown to be associated with worse patient outcomes.45, 46 It is unclear if higher 

volume hospitals experience higher levels of burnout. Future studies are needed to assess if 

burnout may contribute to worse outcomes at high MV volume hospitals.

One limitation of most observational studies is the potential for biased results related to 

unmeasured confounding such as differences in severity of illness across exposure 

categories. However, we used multiple statistical techniques to specifically address the issue 

of risk-adjustment and confounding by severity of illness. We observed that patient 

characteristics were well balanced across quartiles; Quartile 4 did not appear to be sicker 

than Quartile 1. Similar to findings from Courtright et al, our statistical risk-adjustment had 

similar performance characteristics to physiologic risk-adjustment strategies like the 

APACHE and SOFA scores.47–49
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We also used more advanced methods to identify the impact of unmeasured confounding.29 

Using the e-value measurement, an unmeasured confounder would have to have an 

aOR=1.65 to shift the association between hospital volume and death to the null. Given the 

robustness of our risk-adjustment, we find it unlikely that an individual unmeasured 

confounder could exert a strong enough effect to negate our observations. Finally, we used 

an instrumental variable analysis to account for unmeasured confounders. The instrumental 

variable analysis reveals the association for the marginal patient whose outcome is 

dependent on the hospital to which they are admitted through a quasi-randomization process 

for observational data. When the instrumental variable approach was used we observed the 

same association between higher hospital MV volume and higher odds of death. While each 

individual analysis might have only yielded a weak or moderate strength association, the 

combination of all of these approaches does suggest that patients at the highest volume 

hospitals experience higher odds of death compared to the lowest volume hospitals even in 

the presence of unmeasured confounders. For hospital volume-outcome relationships, these 

multiple methods of risk-adjustment and analysis are likely the best estimate of the true 

association as a prospective randomized trial is neither feasible nor ethical.

Our study had several additional limitations. Use of California data may decrease the 

generalizability of our findings, but the PDD has a large diverse population of patients with a 

large number of hospitals needed to obtain an accurate picture of the volume-outcome 

association. The PDD is also one of the only large databases with DNR status which is a 

critical variable to consider given its strong association with mortality.50 Use of ICD-10 
billing codes is subject to misclassification bias especially given their recent introduction. 

Differences in coding practices between hospitals may explain the unexpected observation 

of lower rates of severe sepsis and ARDS at high volume hospitals. However, we found the 

same volume-outcome associations using 2014 data with ICD-9-CM codes, which have been 

more extensively validated. We also did not have access to detailed hospital characteristics, 

which could mediate the volume-outcome relationship. We used administrative data, which, 

despite the multiple methods of risk-adjustment employed, could still be subject to 

unmeasured confounding.

Another key limitation was our focus on hospital MV volume as the driver for differences in 

patient outcomes. Non-MV related practices (e.g. time to antibiotics for sepsis, time to 

catheterization for myocardial infarction, etc.) may heavily influence hospital mortality MV 

patients. We were unable to explore all of the potential mediators of the volume-outcome 

relationship we observed. However, this is a limitation in all volume-outcome studies and 

future studies investigating detailed hospital-level mechanisms of volume-outcome 

associations are needed.

Conclusions

Our observation of worse hospital outcomes for patients admitted to high MV volume 

hospitals is contrary to previously published papers. Previous studies have been limited by 

relatively few hospitals or low MV volume overall. Our findings offer insight from a large, 

diverse patient cohort with the highest number of hospitals of any previous investigation. We 

do not believe that our findings suggest that patients should be transferred out of high 
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volume hospitals as some subsets of patients (e.g. ARDS) may derive benefit in higher 

volume settings. Rather, we argue that the key importance of our findings are threefold. 

First, previous studies have been limited by low numbers of hospitals or low MV incidence. 

Strong volume-outcome studies require large numbers of hospitals and wide variation in 

exposure incidence to generate stable associations. Second, secular trends in practice 

patterns and outcomes must considered when evaluating or attempting to operationalize 

volume-outcome relationships described more than a decade ago. Finally, and most 

importantly, further studies are needed to understand the mechanisms of the volume-

outcome relationship for MV as it is one of the most common and complex processes of care 

for critically ill individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Study Design. We identified adult nonsurgical patients who required MV during their 

hospitalization. We excluded surgical patients, patients transferred to or from another acute 

care hospital, and patients admitted to low hospital MV volume hospitals (<25 cases in 

2016). For patients with multiple admissions in which they required MV in 2016, we 

identified one hospitalization at random for analysis. Abbreviations: MV – mechanical 

ventilation.
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Figure 2: 
Whisker Plots Demonstrate Linear Trends in Hospital Risk-Adjusted Outcome Rates Across 

Hospital MV Volume Quartiles. Hospital risk-adjusted outcome rates were calculated using 

multivariable hierarchical models with the hospital as a random intercept. Hospital risk-

adjusted outcome rates were compared across hospital MV volume quartiles using linear 

regression. Higher hospital MV volume quartiles had higher hospital risk-adjusted rates of 

the hospital death (p=0.007, Panel A) and tracheostomy (p=0.009, Panel B). Higher hospital 

MV volume quartiles had lower risk-adjusted rates of 30-day readmission among survivors 

(p=0.003, Panel C). For all outcomes, pairwise comparisons between quartiles was made 

with ANOVA testing with Tukey’s adjustment and the only statistically significant pairwise 

comparison was between Quartile 4 and Quartile 1. Abbreviations: MV – mechanical 

ventilation.
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Figure 3: 
Scatter Plots for Hospital MV Volume and Hospital Risk-Adjusted Outcome Rates Show 

Weak but Significant Correlation. Hospital risk-adjusted outcome rates were calculated 

using multivariable hierarchical models with the hospital as a random intercept and 

Spearman’s correlation test was used to determine nonlinear associations. Higher hospital 

MV volume was correlated with higher risk-adjusted rates of hospital death (ρ=0.16, 

p=0.008, Panel A), and tracheostomy (ρ=0.15, p=0.01, Panel B), but lower 30-day 

readmission (ρ=−0.22, p=0.0002, Panel C). Abbreviations: MV – mechanical ventilation.
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Table 1:

Patient Characteristics Across Hospital Mechanical Ventilation Quartiles

Variable Quartile 1 
n=3,620

Quartile 2 
n=8,230

Quartile 3 
n=13,976

Quartile 4 
n=25,863

p-value

MV Episodes - (number of cases) <94 94–170 171–289 ≥290 N/A

Hospitals (n) 68 69 68 69

Mean Age (SD) 63.6 (17.1) 65.2 (16.9) 65.4 (16.9) 63.3 (17.3) <0.0001

Female (%) 44.0 45.2 45.3 43.6 0.02

Race/Ethnicity (%) <0.0001

 Caucasian 58.1 56.3 49.1 50.9

 Black 6.8 8.0 13.6 12.7

 Hispanic 23.0 20.5 21.6 22.7

 Asian 8.2 11.2 11.3 8.4

 Other 3.9 4.1 4.4 5.3

Primary Payer (%) 0.06

 Medicare 57.9 61.3 61.3 57.1

 Medicaid 25.6 21.4 20.7 26.5

 Private Insurance 13.7 14.0 15.3 13.4

 Self-Pay 1.0 1.0 1.2 1.2

 Other 1.9 2.2 1.5 1.8

Early DNR Order (%) 15.6 14.2 14.2 14.5 0.46

Mean Elixhauser Comorbidity Score 

(SD)*
10.6 (8.8) 10.8 (8.9) 11.1 (8.8) 10.4 (8.9) <0.0001

Shock (%)** 29.1 31.1 31.2 31.0 0.17

Renal Failure (%)** 39.0 39.9 40.6 37.4 <0.0001

Neurologic Failure (%)** 4.1 5.1 4.8 4.7 0.74

Hepatic Failure (%)** 7.3 8.0 7.9 7.5 0.55

Hematologic Failure (%)** 16.3 18.1 18.2 16.9 0.17

Acidosis (%)** 27.0 25.2 27.3 27.0 0.09

Pneumonia (%) 37.2 34.8 34.3 33.3 <0.0001

COPD (%) 16.2 13.9 13.1 12.4 <0.0001

Asthma (%) 2.0 2.4 2.2 2.0 0.14

Heart Failure (%) 14.9 16.0 16.0 15.8 0.47

Severe Sepsis (%) 8.0 7.7 8.8 6.7 <0.0001

Septic Shock (%) 28.9 29.2 30.0 29.5 0.43

ARDS (%) 2.6 2.3 2.0 1.8 0.0002

Abbreviations: MV – mechanical ventilation. SD – standard deviation. DNR – do-not-resuscitate. COPD – chronic obstructive pulmonary disease. 
ARDS – acute respiratory distress syndrome.

*
Individual comorbidities were used in multivariable modeling. The comorbidity score was calculated without the cardiac arrhythmia comorbidity. 

See reference 29
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**
Present on admission
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Table 2:

Risk-Adjusted Patient Outcome Rates Across Hospital Mechanical Ventilation Quartiles

Outcome Quartile 1 Quartile 2 Quartile 3 Quartile 4 aOR (95% CI) Quartile 4 vs Quartile1

Hospital Death (%) 34.2 37.5 37.3 38.7 1.39 (1.17 – 1.67)

Tracheostomy (%) 3.5 4.4 4.2 4.5 1.56 (1.20 – 2.03)

30-Day Readmission (%)* 35.1 30.9 30.7 28.7 0.77 (0.67 – 0.89)

Abbreviations: aOR – adjusted odds ratio. CI – confidence interval.

*
Readmission was determined among hospital survivors.
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