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Prevention and Early Treatment of Acute Lung Injury (PETAL) Network

Abstract

Background—Understanding COVID-19 epidemiology is crucial to clinical care and to clinical 

trial design and interpretation.

Objective—To describe characteristics, treatment, and outcomes among patients hospitalized 

with COVID-19 early in the pandemic.

Methods—A retrospective cohort study of consecutive adult patients with laboratory-confirmed, 

symptomatic SARS-CoV-2 infection admitted to 57 US hospitals from March 1 to April 1, 2020.

Results—Of 1480 inpatients with COVID-19, median (IQR) age was 62.0 (49.4–72.9) years, 649 

(43.9%) were female, and 822 of 1338 (61.4%) were non-White or Hispanic/Latino. Intensive care 

unit admission occurred in 575 patients (38.9%), mostly within 4 days of hospital presentation. 

Respiratory failure affected 583 patients (39.4%), including 284 (19.2%) within 24 hours of 

hospital presentation and 413 (27.9%) who received invasive mechanical ventilation. Median 

(IQR) hospital stay was 8 (5–15) days overall and 15 (9–24) days among intensive care unit 

patients. Hospital mortality was 17.7% (n = 262). Risk factors for hospital death identified by 

penalized multivariable regression included older age; male sex; comorbidity burden; symptoms-

to-admission interval; hypotension; hypoxemia; and higher white blood cell count, creatinine level, 

respiratory rate, and heart rate. Of 1218 survivors, 221 (18.1%) required new respiratory support at 

discharge and 259 of 1153 (22.5%) admitted from home required new health care services.

Conclusions—In a geographically diverse early-pandemic COVID-19 cohort with complete 

hospital folllow-up, hospital mortality was associated with older age, comorbidity burden, and 

male sex. Intensive care unit admissions occurred early and were associated with protracted 

hospital stays. Survivors often required new health care services or respiratory support at 

discharge.
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Initial investigations have yielded a consensus understanding of the most common 

phenotypes and transmission dynamics of COVID-19 as well as preliminary identification of 

factors associated with adverse outcomes.1–6 Many studies, however, have been constrained 

by short observation periods and scarce data on hospital trajectory. Additionally, few well-

designed analyses of risk factors for adverse outcomes have been conducted in diverse, 

multicenter patient populations.

A more granular and geographically diverse nationwide analysis of the epidemiology, 

clinical trajectory, and heterogeneity of patients with COVID-19 is necessary to aid clinical 

decision-making, help clinicians situate specific cases relative to expected variation, inform 

clinical trial design and interpretation, and enhance health system planning.

To address these issues, we leveraged a nationwide acute care trials network to conduct an 

observational study of adult patients with symptomatic SARS-CoV-2 infection admitted to 

57 geographically diverse US hospitals. We used high-fidelity clinical data collected during 

the entire hospital course (from admission to hospital discharge) to identify risk factors for 

in-hospital mortality and for early and late respiratory failure. We also describe patients’ 

illness trajectory, patterns of organ failure, therapies, and the distribution of several clinical 

outcomes meaningful to patients, clinicians, health system planners, and researchers.

Methods

Design and Setting

We conducted a retrospective, multicenter cohort study of adult patients admitted to US 

hospitals with laboratory-confirmed SARS-CoV-2 infection and symptomatic COVID-19. 

Participating hospitals were members of the National Heart, Lung, and Blood Institute 

Prevention and Early Treatment of Acute Lung Injury (PETAL) Network and included 

57 geographically diverse US hospitals organized within 12 clinical centers (Figure 1). 

The PETAL Network central institutional review board at Vanderbilt University and the 

institutional review boards at each participating hospital approved the study or determined 

that the study was exempt from review.

Participants

Patients aged 18 years or older admitted to a study hospital from March 1 to April 1, 

2020, were eligible for inclusion if they had a positive polymerase chain reaction test result 

for SARS-CoV-2 during their admission or within the preceding 14 days and infection 

(including fever, cough, dyspnea, hypoxemia, or bilateral airspace opacities). We excluded 

prisoners and patients with prior hospital admission for COVID-19. Each clinical center 

contributed data from up to 125 consecutive patients drawn from that center’s contributing 

hospitals. Because some clinical centers admitted fewer than 125 eligible patients during the 

study period, clinical centers with excess eligible patients contributed additional participants 

toward a total study inclusion target of 1500 patients.
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Data Collection

Trained personnel obtained data on demographic and clinical characteristics, interventions, 

and outcomes by manual review of medical records according to a standardized protocol. 

Abstracted data were entered into a structured data capture interface with integrated real-

time data validation.7 Manual medical record review was supplemented at some sites 

by electronic data abstraction. Patients were followed until hospital discharge. Additional 

assessments were performed on hospital days 1, 4, 8, 15, 21, and 28 and (if applicable) on 

day 1 in the intensive care unit (ICU). Each site was also asked to provide counts and basic 

demographics of all patients hospitalized with COVID-19 during the study window.

To quantify illness severity, we adapted an 8-point ordinal outcomes scale recommended 

by the World Health Organization (Supplemental Table 1, available online only at 

ajcconline.org).8 Scale values used the worst available value for the calendar day or, if data 

were missing, from an adjacent day. Sequential Organ Failure Assessment score calculation 

did not incorporate urine output but otherwise used standard methods, including assigning 

component scores of 0 when data were missing.9 Respiratory support was defined by 

treatment with supplemental oxygen or positive pressure ventilation. When Pao2 data were 

unavailable, values were estimated from peripheral oxygen saturation (Spo2) values using a 

validated nonlinear formula.10 For patients receiving oxygen by nasal cannula or face mask, 

the fraction of inspired oxygen (FIO2) was estimated using the formula FIO2 = 0.21 + (0.03 

× [oxygen flow rate in liters per minute]). Comorbidities, symptoms and their duration, and 

complications were obtained from clinical documentation.

Outcomes

The primary outcome was hospital mortality. Prespecified secondary outcomes included 

respiratory failure (defined as treatment with oxygen at ≥11 L/min delivered by face mask, 

high-flow nasal cannula, noninvasive positive pressure ventilation, or invasive mechanical 

ventilation) occurring early (≤24 hours) or late (>24 hours) after hospital presentation. Other 

secondary outcomes included 7-, 14-, and 28-day hospital mortality; COVID-19 ordinal 

outcome scale values on hospital days 4, 8, 15, and 28; length of hospital stay; respiratory, 

cardiovascular, and renal support therapies; and survivors’ discharge health status.

Statistical Analysis

Continuous data are reported as medians and interquartile ranges (IQRs). Categorical data 

are reported as numbers and percentages. For descriptive analyses, we did not perform 

statistical hypothesis testing.

We employed L1 (lasso)–penalized logistic mixed-effects regression11,12 to identify risk 

factors for mortality, early-onset respiratory failure, and late-onset respiratory failure from 

outcome-specific sets of candidate risk factors identified a priori by a team of experienced 

epidemiologists and clinical researchers on the basis of previously reported association, 

plausibility, clinical utility, and data availability. To manage missingness among candidate 

risk factors, we performed penalized regression after multiple imputation of missing data 

using chained equations.13 Adjusted effect sizes for selected risk factors were estimated 

in the multiply imputed data using multivariable mixed-effects logistic regression and 
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combined coefficients using Rubin’s rules.13–16 To account for site-level clustering of 

patient characteristics, care practices, and outcomes as well as between-site variation in 

resource strain,17 we employed a random effect for study site during both penalized 

regression18 and multivariable logistic regression model refitting for effect size estimation. 

Additional details are available in Supplement 1 (available online only).

We assessed our findings’ robustness in prespecified sensitivity analyses by reestimating 

effect sizes after (1) reclassifying patients discharged with hospice services as having the 

primary outcome (in-hospital mortality); (2) excluding patients who died without respiratory 

failure from the secondary analysis of late respiratory failure; and (3) excluding support with 

oxygen by face mask from the definition of respiratory failure. As an additional measure 

of variable importance, we also report the percentage of models in which each candidate 

variable was ultimately selected during cross-validation.19 Analyses were performed with R, 

version 4.0.3 (R Foundation for Statistical Computing); Stata, version 16.1 (StataCorp); and 

SAS, version 9.4 (SAS Institute Inc).

Results

Among the 1480 patients included in our cohort, the median (IQR) age was 62.0 (49.4–

72.9)years, 649 patients (43.9%) were female, and 822 of 1338 (61.4%) patients with 

known race/ethnicity were Hispanic/Latino or non-White (Table 1; Supplemental Table 2, 

available online only). The demographic profile of included patients was similar to that 

of the source population of all patients with COVID-19 admitted to study hospitals from 

March 1 to April 1, 2020 (Supplemental Table 3, available online only). Each of the 57 

enrolling hospitals contributed a median (IQR) of 21 (8–41) patients. Most patients had at 

least 1 comorbidity included in the Charlson Comorbidity Index (n = 843; 57.0%). The 

median (IQR) preadmission symptom duration was 6 (3–9) days and was longer in survivors 

than in patients who died in the hospital (median [IQR], 7 [4–9] days vs 4 [2–7] days). 

The first-available Pao2 to FIO2 ratio was less than 300 in 514 of 1452 patients (35.4%) 

with available data, and most patients (n = 1203; 81.3%) had a Sequential Organ Failure 

Assessment score of 2 or greater within 24 hours of hospital arrival (Supplemental Table 4, 

available online only).

Common pharmacologic treatments included hydroxychloroquine (54.3% of patients), 

azithromycin (65.4%), other antibiotics (78.6%), and therapeutic anticoagulation (23.6%) 

(Table 2). Systemic corticosteroid therapy was relatively rare (13.9%). Clinically diagnosed 

acute respiratory distress syndrome was the most common complication, affecting 483 

patients (32.6%), including 200 of the 262 (76.3%) patients who died in the hospital 

(Supplemental Table 5, available online only). Among patients not receiving dialysis before 

admission, acute renal failure was also more common in nonsurvivors (148 of 249 patients; 

59.4%) than in survivors (173 of 1188 patients; 14.6%). Venous thromboembolism was 

diagnosed in 46 patients (3.1%).

Overall, 575 patients (38.9%) received care in an ICU during their hospitalization. Of these, 

369 (64.2%) were admitted to the ICU within 24 hours of hospital arrival (Supplemental 

Table 6, available online only). Most of the remaining ICU admissions occurred by 
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hospital day 4 (Figure 2). More than four-fifths of patients (n = 1203; 81.3%) required 

some form of respiratory support during their hospital stay and 583 (39.4%) developed 

respiratory failure, including 413 (27.9%) who received invasive mechanical ventilation, 129 

(8.7%) who received noninvasive positive pressure ventilation, and 254 (17.2%) who were 

treated with high-flow nasal cannula (Table 2). Respiratory failure occurred in 284 patients 

(19.2%) within 24 hours of hospital arrival. Among the 567 (38.3%) patients who required 

advanced organ-support therapies (high-flow nasal cannula, positive pressure ventilation, 

renal replacement therapy, and/or vasopressors), mechanical ventilation plus vasopressor 

support was the most common combination (23.1%, Figure 3). The vast majority (85.0%) 

of patients who received invasive mechanical ventilation were also treated with vasopressors 

during their hospitalization.

Many patients experienced prolonged hospitalization, with median (IQR) hospital stays of 

8 (5–15) days (Supplemental Figure 2, available online only). On day 15 of hospitalization, 

355 (24.0%) patients remained admitted; 117 (7.9%) patients remained admitted on hospital 

day 28. Hospitalizations were longer for patients admitted to an ICU than for patients not 

admitted to an ICU (median [IQR], 15 [9–24] days vs 6 [4–9] days).

Hospital mortality was 17.7% (n = 262, Table 2). Mortality was higher among patients 

admitted to an ICU (35.5%) than among patients never admitted to an ICU (5.3%). Mortality 

correlated with the number of organ failures, occurring in 11 of 58 (19.0%) patients who 

received mechanical ventilation and had isolated respiratory failure, 111 of 254 (43.7%) 

intubated patients who also required vasopressor support, and 64 of 97 (66.0%) intubated 

patients who required both vasopressors and renal replacement therapy. Unadjusted hospital 

mortality was higher in older patients; men; patients with hypertension, diabetes, cancer, 

or chronic cardiovascular disease; and individuals admitted from a long-term care facility 

(Table 1; Supplemental Figure 3, available online only).

Penalized regression identified the following risk factors for mortality: older age, shorter 

reported interval from symptom onset to hospitalization, male sex, comorbidity burden, 

tachycardia, tachypnea, hypotension, abnormal mental status, hypoxemia, higher first-

available creatinine level, and higher first-available white blood cell count (Table 3). Race/

ethnicity was among the 4 candidate variables not identified as contributing risk factors for 

mortality. After multivariable regression, the risk of mortality increased exponentially with 

age, reaching an adjusted odds ratio of 30.7 (95% CI, 8.8–107.0) in patients 80 years and 

older compared with patients younger than 40 years. Adjusted odds ratios were similar in the 

sensitivity analysis reclassifying 12 patients discharged with hospice services as having the 

mortality outcome.

Fewer risk factors were identified for early respiratory failure. These risk factors included 

body mass index, dyspnea on presentation, initial respiratory rate, abnormal mental status, 

higher first-available creatinine level, higher first-available white blood cell count, and 

elevated first-available aspartate aminotransferase level (Supplemental Table 7, available 

online only). The adjusted odds of early respiratory failure were more than 4 times higher 

if the first-available Glasgow Coma Scale score was less than 15 (odds ratio, 4.69; 95% CI, 

3.07–7.16). In contrast, risk factors identified for late respiratory failure and the magnitudes 
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of the observed associations were similar to those identified for mortality (Supplemental 

Table 8, available online only). Chronic pulmonary disease was not identified as a risk factor 

for either early or late respiratory failure. Sensitivity analyses that excluded patients who 

died without meeting respiratory failure criteria or excluded face mask oxygen support from 

the definition of respiratory failure yielded similar results.

Among the 1218 survivors, the 221 (18.1%) patients who were prescribed at least 1 form of 

new respiratory support were older and experienced a higher incidence of respiratory failure 

during their hospitalization than did patients who did not receive new respiratory support 

(Supplemental Table 9, available online only). Discharge with new home-based or facility-

based health care services occurred in 259 of the 1153 (22.5%) survivors initially admitted 

from home. Compared with survivors who were not discharged with new health care 

services, these patients were older and had more severe illness and longer hospitalizations 

(Supplemental Table 10, available online only). Ten of the 34 (29%) survivors who required 

new renal replacement therapy during their admission continued dialysis after discharge.

Discussion

In this large US cohort of inpatients with COVID-19 followed to hospital discharge, we 

observed prolonged hospital stays and 17.7% hospital mortality during the first pandemic 

wave. Most patients developing critical illness were admitted to the ICU by hospital day 4, 

and mortality increased substantially when respiratory failure was complicated by shock or 

the need for dialysis. Increasing age had an exponential association with mortality. Male sex, 

comorbidity burden, hypoxemia, and abnormalities of vital signs and laboratory test results 

on hospital day 1 were also associated with increased odds of dying. Among survivors, 

18.1% were discharged with respiratory support that was new or higher in intensity than at 

baseline. Nearly 1 in 4 survivors admitted from home received new at-home or facility-based 

health care services at discharge.

Hospital mortality in our cohort was lower than in some contemporaneous cohorts in China2 

and the United States1,20,21 but higher than the 10% mortality observed in a systematic 

review of studies performed through April 20, 2020.22 Heterogeneous mortality rates across 

studies may be due to differing follow-up duration as well as between-hospital differences in 

admission thresholds, patient mix, management strategies, resource strain, and hospital-level 

operational modifications.5,6,23–25 We captured data through hospital discharge for all cohort 

patients, including the nearly 10% who remained in the hospital for more than 4 weeks, 

thus avoiding the potential for misestimation of hospital mortality.20,26 The geographic 

heterogeneity of this cohort should also mitigate the effects of regional-level and hospital-

level variation, yielding a more generalizable estimate of COVID-19 hospital mortality early 

in the pandemic. However, current mortality rates may differ from our estimates in the face 

of shifting SARS-CoV-2 infection rates and COVID-19 treatment.27,28

Our data also highlight the high inpatient morbidity and prolonged hospitalizations 

experienced by patients with COVID-19. Shock and renal failure were common among 

nonsurvivors, corroborating reports suggesting that COVID-19–related critical illness and 

death often result from multiorgan dysfunction rather than isolated respiratory failure.5,29,30 
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Adding to this prior work, we found that ICU admission, when required, was likely to 

occur early in the hospitalization. Together, these findings suggest that efforts to reduce 

the incidence of COVID-19 critical illness should consider the multiorgan effects of SARS-

CoV-2 infection and focus on the prehospital and early hospital settings.

The number of patients who received new postdischarge health care services or 

respiratory support suggests that substantial impairment relative to baseline health status 

and function is common among survivors of a hospitalization related to COVID-19. 

However, characterization of the severity, patterns, and duration of symptoms and 

disability after outpatient SARS-CoV-2 infection and hospitalization for COVID-19 remains 

preliminary.31–34 Future studies are needed to better characterize the posthospital trajectory 

in COVID-19 survivors as well as predictors, mechanisms, trajectory, management, and 

prevention of persistent impairment in this population.

We evaluated a comprehensive and generalizable array of demographic and clinical 

characteristics as potential risk factors for COVID-19 mortality and respiratory failure. Men 

made up a disproportionately large fraction of hospitalized patients with COVID-19 and 

experienced poorer outcomes than women, confirming the results of prior studies.3,5,35,36 

Drivers of sex-based disparities in clinical outcomes warrant further study and may include 

differences in angiotensin-converting enzyme 2 receptor expression, immune response, and 

other mechanisms.37,38 However, as with any other multivariable analysis, the parameters 

chosen and their estimated effect sizes are conditional on the other variables in the model. 

This is particularly important when interpreting our data suggesting that, for a given 

level of demographic and clinical risk at a given hospital, COVID-19 outcomes in our 

cohort were similar across race/ethnicity categories once patients were hospitalized. This 

finding is consistent with prior reports39 and suggests that higher COVID-19 mortality 

among minority patients does not indicate a biological difference in risk but rather reflects 

underlying health disparities leading to worse baseline health status, higher illness severity 

on presentation, and delayed hospital presentation combined with disparities in SARS-

CoV-2 infection rates,40–43 admission thresholds, and potentially differences in care quality 

at hospitals treating a greater proportion of minority patients.44,45

Our study has important strengths and several notable limitations. Leveraging the resources 

and personnel of an experienced clinical trials network, we collected a rich body of carefully 

curated data for a cohort representative of the underlying population of all patients with 

COVID-19 hospitalized early in the pandemic at 57 geographically diverse US hospitals. 

Follow-up to hospital discharge and identification of new health support needs among 

survivors yielded a comprehensive portrait of the sickest patients’ hospital trajectories. Our 

patient cohort was enrolled early in the COVID-19 pandemic, allowing us to contribute to 

collaborative international efforts46 to describe and study the epidemiology of COVID-19 

and substantively inform clinical trial design for national and international efforts such as 

Operation Warp Speed’s ACTIV-3 studies.47 Pharmacologic and organ support management 

strategies, however, have continued to evolve with emerging evidence, new therapeutic 

options, and clinicians’ increasing experience managing this disease. For instance, treatment 

with repurposed drugs (hydroxychloroquine and azithromycin) shown in subsequent trials to 

lack efficacy was common in our cohort,48–52 although corticosteroids—which now appear 
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beneficial—were rarely used.53,54 Our definition of respiratory failure included receipt of 

high-flow oxygen therapy as well as invasive or noninvasive positive pressure ventilation, 

increasing the likelihood that identified risk factors are unaffected by shifting management 

practices. However, additional studies are needed to validate the risk factors we identified 

and evaluate how new therapeutic strategies affect the observed associations.

Our study has several additional limitations. First, our data do not include deaths or 

readmissions occurring after study hospital discharge. Second, although collection of 

patients’ clinical histories (including symptoms) by manual review of clinical documentation 

has advantages over claims-based or automated analyses, our findings may be vulnerable to 

recall bias, underreporting dependent on patients’ illness severity, and incomplete clinician 

documentation in times of strain. Third, most study sites were academic referral hospitals, 

so complex, severely ill patients with COVID-19 may be overrepresented relative to a 

population-based sample. Fourth, our analysis did not directly evaluate potential effects on 

patient management and outcomes due to variations in patient volumes and resource strain 

between hospitals and across the enrollment period. Inclusion of a site-level random effect 

in our risk factor analyses mitigated the effect of such differences. Finally, because of the 

selection procedure used to identify important risk factors, reported CIs may underestimate 

the imprecision for the effect size estimates.55 The impact of this selective inference is 

substantially mitigated by the relatively small collection of candidate variables and the 

relatively strong prognostic value of the included risk factors.

Conclusions

Among patients hospitalized with COVID-19 early in the pandemic at a geographically 

diverse network of US hospitals, mortality was 17.7% and was associated with comorbidity 

burden, male sex, and advancing age. Admission to the ICU, when required, usually 

occurred within 4 days of hospital arrival. Patients experienced prolonged hospital stays, 

and a substantial proportion of survivors received new facility-based or home-based health 

care services or new respiratory support at discharge.
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Figure 1. 
Map of contributing hospitals with associated county-level COVID-19 incidence during 

cohort eligibility. Choropleth map illustrates spatial variation in county-level COVID-19 

incidence rate (cases per 10 000 residents) during the third week of March 2020 (see 

Supplement 1). Dots represent contributing hospitals. For closely adjacent hospitals, a 

single dot indicates the location of multiple hospitals and is labeled with the number of 

contributing sites represented.
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Figure 2. 
Hospital level of care from arrival at study hospital through discharge or hospital day 60. 

Alluvial diagram depicts patients’ transitions between treatment intensity levels during their 

hospitalization and ends on study hospital discharge. Because patients were not followed up 

beyond hospital discharge, patients do not transition out of postdischarge status of home or 

facility.
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Figure 3. 
Organ support therapy combinations and associated hospital mortality among patients 

requiring organ support therapy. Includes 567 patients receiving at least 1 advanced organ 

support therapy.

Abbreviations: HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; 

NIPPV, noninvasive positive pressure ventilation.
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Table 2

Clinical management and outcomes
a

Feature Overall (N = 1480)

Admitted to intensive care unit 575 (38.9)

Respiratory support modalities

 Nasal cannula or face mask 1156 (78.1)

 High-flow nasal cannula 254 (172)

 Noninvasive positive pressure ventilation 129 (8.7)

 Mechanical ventilation 413 (279)

Prone positioning 162 (10.9)

Inhaled pulmonary vasodilator 55 (3.7)

Extracorporeal membrane oxygenation 8 (0.5)

Vasopressors or inotropes 366 (24.7)

Renal replacement therapy 131 (8.9)

Pharmacologic therapy administered

 Azithromycin 968 (65.4)

 Other antibiotics 1164 (78.6)

 Therapeutic anticoagulation 350 (23.6)

 Hydroxychloroquine or chloroquine 804 (54.3)

 Interleukin 6 receptor antagonist 106 (72)

 Enteric or intravenous corticosteroids 205 (13.9)

 Remdesivir 88 (5.9)

 Lopinavir/ritonavir 59 (4.0)

Score on COVID-19 Ordinal Outcome Scale

 Day 4 4 (3–5)

 Day 8 3 (1–6)

 Day 15 1 (1–5)

 Day 28 1 (1–2)

Respiratory failure during hospitalization 583 (39.4)

Hospital disposition

 Died 262 (177)

 Discharged with hospice 12 (0.8)

 Discharged to home 1044 (70.5)

  Discharged to home with in-home health care 156/1044 (14.9)

 Skilled nursing facility 66 (4.5)

 Long-term acute care hospital 22 (1.5)

 Inpatient rehabilitation facility 57 (3.9)

 Transfer to another acute care hospital 17 (1.1)
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Feature Overall (N = 1480)

Hospital length of stay, d 8 (5–15)

Hospital mortality

 7-day 66 (4.5)

 14-day 179 (12.1)

 28-day 249 (16.8)

Organ support at discharge among survivors (n = 1218)

 New respiratory support (any) 221 (18.1)

  New home oxygen 202 (16.6)

  Noninvasive ventilation 6 (0.5)

  Ventilator 7 (0.6)

  Tracheotomy 14 (1.2)

 New dialysis 10 (0.8)

a
Values are reported as number (percentage) or median (IQR).
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