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Abstract

Objectives: Patients hospitalized for COVID-19 frequently develop hypoxemia and

acute respiratory distress syndrome (ARDS) after admission. In non-COVID-19 ARDS

studies, admission to hospital wards with subsequent transfer to intensive care unit

(ICU) is associatedwithworse outcomes.Wehypothesized that initial admission to the

wardmay affect outcomes in patient with COVID-19 ARDS.

Methods:Thiswas a retrospective study of consecutive adults admitted forCOVID-19

ARDSbetweenMarch2020andMarch2021at StanfordHealthCare.Mortality scores

at hospital admission (Coronavirus Clinical Characterization Consortium Mortality

Score [4C score]) and ICU admission (Simplified Acute Physiology Score III [SAPS-III])

were calculated, as well as ROX index for patients on high flow nasal oxygen. Patients

were classified by emergency department (ED) disposition (ward-first vs. ICU-direct),

and 28- and 60-day mortality and highest level of respiratory support within 1 day of

ICU admission were compared. A second cohort (April 2021‒July 2022, n = 129) was

phenotyped to validatemortality outcome.

Results: A total of 157 patients were included, 48% of whom were first admitted to

the ward (n = 75). Ward-first patients had more comorbidities, including lung disease.

Ward-first patients had lower 4C and similar SAPS-III score, yet increasedmortality at

28 days (32% vs. 17%, hazard ratio [HR] 2.0, 95% confidence interval [95%CI] 1.0‒3.7,
p= 0.039) and 60 days (39% vs. 23%, HR 1.83, 95%CI 1.04‒3.22, p= 0.037) compared

to ICU-direct patients.Moreward-first patients escalated tomechanical ventilation on

day 1 of ICU admission (36% vs. 14%, p = 0.002) despite similar ROX index.Ward-first

patientswhoupgraded to ICUwithin48hofEDpresentationhad thehighestmortality.

Mortality findings were replicated in a sensitivity analysis.
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Conclusion: Despite similar baseline risk scores, ward-first patients with COVID-19

ARDS had increased mortality and escalation to mechanical ventilation compared

to ICU-direct patients. Ward-first patients requiring ICU upgrade within 48 h were

at highest risk, highlighting a need for improved identification of this group at ED

admission.
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1 INTRODUCTION

1.1 Background

The COVID-19 pandemic strained hospital capacity to unprecedented

levels and highlighted the urgent need for early identification of

patients at highest risk for poor outcomes. Multiple tools exist to iden-

tify patients at risk for clinical deterioration, such as the ROX index to

predict failure of high flow nasal oxygen (HFNO) and progression to

invasivemechanical ventilation,1,2 the Coronavirus Clinical Character-

ization ConsortiumMortality Score (4C score)3,4 which is calculated at

time of hospital admission to predict intensive care unit (ICU) admis-

sion and in-hospital mortality, and the Simplified Acute Physiology

Score III (SAPS-III score, calculated at time of ICU admission)5,6 to pre-

dict ICUmortality.While these tools may inform clinical care decisions

after a patient is admitted, triage from the emergency department (ED)

to the initial level of care is in practice often dictated by the patient’s

immediate respiratory support needs.

1.2 Importance

Patients with COVID-19 infection present to the ED with variable dis-

ease severity. During the initial phase of the pandemic, approximately

10% of patients met acute respiratory distress syndrome (ARDS) cri-

teria at time of ED presentation, while another ∼10% of patients

developed ARDS after admission,7,8 necessitating unplanned transfer

to ICU. In non-ARDS studies, patients transferred from hospital wards

to ICU have increased mortality compared to patients directly admit-

ted to ICU from the ED.9–13 It is unknown whether outcomes among

patients with COVID-19 ARDS are associated with admission directly

to ICU or initial admission to hospital wards with clinical deterioration

necessitating subsequent ICU transfer.

1.3 Goals of this investigation

Wehypothesized that amongpatientswithCOVID-19whomeetARDS

criteria at some point during their hospital admission, admission to

the ward (as opposed to directly to the ICU) is associated with worse

patient outcomes.

2 METHODS

2.1 Design, setting, and selection of subjects

This retrospective cohort study was approved by the Stanford Insti-

tutional Review Board with a waiver of consent (IRB #56374). All

patients more than 18 years of age who required ICU admission at

either an academic or affiliated community hospital and met criteria

for COVID-19 ARDS at any time during hospitalization were included.

COVID-19 ARDS was defined by a positive SARS-CoV-2 polymerase

chain reaction assay and Berlin criteria for ARDS.14 Patients with a

positive SARS-CoV-2 test who required >20 L/min HFNO and met

all Berlin criteria except for the positive end-expiratory criteria were

also considered to have COVID-19 ARDS, in anticipation of a revised

consensus definition of ARDS.15 For patients who did not have arterial

blood gas measurements, a peripheral oxygen saturation to fraction of

inhaled oxygen (SpO2/FiO2) ratio of <315mmHg with an SpO2 ≤ 97%

was used.16

The primary cohort included patients admitted between March

2020 and March 2021 (n = 382). Patients were excluded if positive

SARS-CoV-2 test was incidental (patient was asymptomatic, had a pos-

itive test >30 days before admission or previous hospitalization for

COVID-19 >30 days from index ICU admission), if they were trans-

ferred from an outside hospital with missing ED data, if they were

admitted for comfort/hospice care, or if no ICU admission occurred

(patient either died or transitioned to comfort/hospice care before ICU

transfer, or admission order placed in error). Patients were excluded

if they did not receive glucocorticoids, which reduce mortality and

quickly became standard of care (Figure 1). All demographic, clinical

variable, andoutcomedatawere collected and analyzedon theprimary

cohort. A secondary cohort used for sensitivity analysis is described

further below.

2.2 Data collection

Patients in the primary cohort were clinically phenotyped by an

MD reviewer in the REDCap database by recording baseline demo-

graphics and comorbidities, as well as clinical and laboratory values

at time of ED triage, during ED stay, at time of hospital admis-

sion, and at time of ICU admission. The Stanford REDCap platform
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(http://redcap.stanford.edu) is maintained by the Stanford Medicine

Research IT and subsidized by (1) the Stanford School of Medicine

ResearchOffice, and (2) through grant UL1TR001085.

2.3 Outcome measures

The primary outcomes were 28- and 60-day mortality. The secondary

outcomeswere hospital and ICU length of stay, progression to invasive

mechanical ventilation within 1 day of ICU admission, and days free

of respiratory (both HFNO and ventilatory), cardiovascular (inotropes

or vasopressors), or renal (continuous renal replacement therapy)

support.

2.4 Mortality prediction scores

The 4C mortality prediction score was calculated using the worst

recorded values in the ED before an admission order was placed.

The 4C score includes peripheral oxygen saturation on room air; in

patients who required home oxygen support before hospitalization,

oxygen saturation on room air was replaced with oxygen saturation

on home level of oxygen support. SAPS-III mortality prediction scores

were calculated at time of ICU admission using values within the first

hour of arrival in the ICU for physiologic data and pH, and same

day values for laboratory data. If data needed to calculate a compo-

nent of the score were unavailable, that component was set to the

least severe category. The ROX index was calculated at time of ICU

admission.

The Bottom Line

Prior studies indicated that admission from the emergency

department (ED) to the hospital wardwith subsequent trans-

fer to the intensive care unit (ICU) within 24 hours is

associated with worse outcome when compared with direct

admission to the ICU from theED. Itwas previously unknown

whether this concept holds true for patients with COVID-19.

In this retrospective cohort study of 157 patients, admis-

sion to the hospital ward first was associated with 15%

higher mortality despite similar illness severity. Future stud-

ies should focus on identifyingEDpatientswith occult critical

illness at high risk of deterioration who may warrant initial

ICU admission.

2.5 Data analysis

The data were graphed and analyzed in GraphPad Prism9. Differ-

ences between groups for 4C score, SAPS-III score, ROX index, organ

support-free days, hospital-free and ICU-free days, laboratory values,

patient age, and symptomdurationwere analyzedwithMann‒Whitney

U-test. Comorbid conditions, sex, race and ethnicity, chronic medica-

tion use, and proportion of patients who required invasive mechanical

ventilation were analyzed with chi-squared test. Comorbid conditions

that were significantly different between ward-first and ICU-direct

patients in the univariate analysis and their association with survival

F IGURE 1 Study design and patient selection. All patients (n= 382) with a positive SARS-CoV-2 test whowere admitted tomedical intensive
care unit (ICU) betweenMarch 2020 andMarch 2021were screened. Patients (n= 134) with incidental infections or transferred from outside
hospitals without emergency department (ED) admission data were excluded. Patients who did not meet criteria for acute respiratory distress
(ARDS) (n= 72) or who did not receive steroids (n= 19) were excluded. Patients were classified either as ward-first (n= 75) or ICU-direct (n= 82)
based on initial admission location.

http://redcap.stanford.edu
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were analyzedwith aCox proportional hazardmodel. Co-variants used

for the proportional hazard model included disposition, history of con-

nective tissue disease, malignancy, pulmonary disease, and chronic use

of inhaled steroids. Kaplan‒Meier survival curves for 28- and 60-day

mortalitywereanalyzedwithMantel‒Cox log rank test. Changes in res-
piratory supportmodality at time of ICU admission and on days 1 and 2

of ICU stay were visualized with a Sankey diagram.

2.6 Sensitivity analysis for primary outcomes

Given viral evolution over the course of the pandemic,17 a sensitivity

analysis was performed to determine whether associations between

ED disposition and 28- and 60-day mortality persisted in an expanded

cohort. Patients admitted between April 2021 and July 2022 (n= 442)

who met the same inclusion and exclusion criteria described above

were classified as ward-first or ICU-direct (Figure S1). This second

cohort was combined with the primary cohort and primary outcomes

were analyzed using statistical methods described above.

3 RESULTS

3.1 Patient demographics and comorbidities

A total of 157 patients developed COVID-19 ARDS between March

2020 and March 2021 (Figure 1). Patients were classified either as

ward-first (n = 75) or ICU-direct (n = 82) based on initial admis-

sion location. All combinations of therapeutics received by patients

are detailed in Table S1. Time from hospital admission to initiation of

steroids was similar in ward-first (median day 0, Q1‒Q3 range −1 to 1

day) and ICU-direct (median day 0,Q1‒Q3 range−4 to 0 day, p=0.132)

patients.

Patient age, sex, race, and ethnicity were not different between

ward-first and ICU-direct patients (Table 1). ICU-direct and ward-first

patients had similar rates of cardiovascular, cerebrovascular, chronic

liver, and renal disease, as well as diabetes. Use of systemic immuno-

suppressant medications and receipt of organ transplant was also

not different between ward-first and ICU-direct patients. In contrast,

ward-first patientsweremore likely tohavemalignancy, connective tis-

sue disease, and pulmonary comorbidities and to use chronic inhaled

steroids compared to ICU-direct patients (Table 1).

3.2 Admission from ED to the wards prior to ICU
admission is associated with 28- and 60-day
mortality in COVID-19 ARDS

Ward-first patients had worse mortality at both 28 days (24/75 [32%]

vs. 14/82 [17%], hazard ratio (HR) 1.97, 95% confidence interval [95%

CI] 1.04‒3.72, p=0.039) and 60days (29/75 [39%] vs. 19/82 [23%], HR

1.83, 95% CI 1.04‒3.22, p = 0.037) compared to ICU-direct patients

(Figure 2), despite presenting to the ED after a similar duration of

symptoms (median 7 vs. 8 days) and having lower ED-based (4C,

median 9 vs. 11, p = 0.023) and similar ICU-based (SAPS-III, median

60 vs. 59) mortality prediction scores (Table 2).

More ICU-direct patients required mechanical ventilation at time

of ICU admission (16/82 [20%] vs. 1/75 [1%, patient was intu-

bated before transfer to ICU], p = 0.0003, Figure 3A,B) compared

to ward-first patients. Most ward-first patients required HFNO at

time of ICU admission (67/75 [89%] vs. 60/82 [73%], p = 0.0101,

Figure 3B). A greater proportion of ward-first patients then required

escalation to mechanical ventilation within 1 day of ICU admis-

sion compared to ICU-direct patients (27/74 [36%] vs. 9/66 [14%],

p = 0.002, Figure 3A,B), despite having similar ROX index (ward-

first: median [interquartile range] 5.4 [4.1, 6.6]; ICU-direct: median

[interquartile range] 5.2 [4.2, 6.5]). In addition to worse mortality and

rapid progression in respiratory support, ward-first patients had fewer

vasopressor-free days compared to ICU-direct patients in the first 28

days (median 24 vs. 27, p = 0.044, Table 3). Ward-first patients also

had fewer respiratory support-free and hospital-free days compared

to ICU-direct patients, but these differences were not statistically

significant.

3.3 Association between COVID-19 ARDS
mortality, ED disposition, and comorbid conditions

Given the different rates of comorbid conditions between ward-

first and ICU-direct patients, we next tested whether the association

between 28- and 60-day mortality and disposition location remained

significant in a multivariable model. A history of malignancy, con-

nective tissue disease or pulmonary disease was not associated with

increased risk of 28- or 60-day mortality (Table S2). Use of chronic

inhaled steroids was associated with increased risk of 28-day (HR

2.76, 95% CI 1.00‒6.89, p = 0.038) and 60-day mortality (HR 2.78,

95% CI 1.13‒6.34, p = 0.020). Ward-first disposition was associated

with increased risk of 28-day (HR 1.85, 95% CI 0.94‒3.76, p = 0.077)

and 60-day mortality (HR 1.68, 95% CI 0.92‒3.10, p = 0.093), but

was no longer statistically significant when controlling for comorbid

conditions.

3.4 Patients with rapid upgrade to ICU have
worse mortality

Fifty-seven percent of ward-first patients required upgrade to ICU

within 2 days of hospital admission (Figure S2). A shorter dura-

tion between hospital admission and upgrade to ICU was associ-

ated with worse 28-day mortality (11/25 [44%] vs. 13/50 [26%],

HR 2.5, 95% CI 1.0‒6.1, p = 0.0493, Figure 4), despite no differ-

ence in ED-based or ICU-based mortality prediction scores (Table 2).

Secondary outcomes were similar in patients with rapid versus

delayed ICU upgrade (Table 3). There were no differences in comor-

bid conditions between rapid versus delayed ICU upgrade groups

(data not shown).



LEBOLD ET AL. 5 of 10

TABLE 1 Patient demographics and comorbidities.

Admission location Ward-first, n= 75 ICU-direct, n= 82 p-Value

Median age (Q1,Q3) (years) 64 (50, 74) 64 (50, 74) 0.830

Female 29 (39) 28 (34) 0.556

Pregnant, no.; mean gestation age (weeks) 1 (33) 2 (14.5)

Race/ethnicity 0.865

White 15 (20) 15 (18)

Black/African American 3 (4) 2 (2)

Asian 12 (16) 13 (16)

Hispanic/Latino/Spanish 38 (51) 47 (57)

Hawaiian/Pacific Islander 3 (4) 1 (1)

Other/combination/not specified 4 (5) 4 (5)

Comorbidities

Cardiovascular diseasea 52 (69) 56 (68) 0.888

Pulmonary diseaseb 19 (25) 9 (11) 0.019

Oxygen use at baseline, no. (mean L/min)c 2 (2) 3 (3) 0.724

Smoking status 0.463

Active 2 (3) 4 (5)

Former 34 (45) 30 (37)

Never 39 (52) 48 (59)

Cerebrovascular diseased 7 (9) 12 (15) 0.309

Liver disease 6 (8) 3 (4) 0.243

Diabetes, with andwithout end organ damage 40 (53) 42 (51) 0.791

Renal diseasee 7 (9) 7 (9) 0.861

Connective tissue disease 6 (8) 1 (1) 0.040

Malignancyf 9 (12) 2 (2) 0.019

Solid organ transplant recipient 6 (8) 5 (6) 0.641

Bonemarrow transplant recipient 2 (3) 1 (1) 0.508

Psychiatric diseaseg 19 (25) 14 (17) 0.205

Chronic steroids, systemic 8 (11) 7 (9) 0.650

Chronic steroids, inhaled 13 (17) 3 (4) 0.005

Immunosuppressivemedicationsh 10 (13) 6 (7) 0.213

DNR or DNR/DNI code status 3 (4) 7 (9) 0.269

Note: Values rounded to nearest integer and, unless otherwise stated, expressed as no. (%). Data analyzed with chi-squared or Mann‒Whitney U-test as
appropriate.

Bold value indicates the statistically significant.

Abbreviation: DNI, do not intubate; DNR, do not resuscitate;Q, quartile.
aCardiovascular disease includes previousmyocardial infarction, congestive heart failure, arrythmia, peripheral vascular disease, or hypertension.
bPulmonary disease includes asthma, interstitial lung disease, chronic obstructive pulmonary disease, emphysema, chronic bronchitis, or any condition

resulting in chronic oxygen use or chronic hypercapnia.
cOxygen used at baseline excludes isolated nocturnal continuous or bilevel positive airway pressure.
dCerebrovascular disease includes previous transient ischemic attack, strokewith residual deficits, or dementia.
eRenal disease includes baseline creatinine>3mg/dL, dialysis dependent, or previous kidney transplant.
fMalignancy excludes any individuals where diagnosis occurred>5 years before index COVID-19 admission.
gPsychiatric disease includes physician-diagnosed psychosis, anxiety, depression, post-traumatic stress disorder, and substance use disorder (alcohol and

drug, excludesmarijuana).
hImmunosuppressivemedications includes active chemotherapy or antirejectionmedications (excludes steroids).
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F IGURE 2 Admission to intensive care unit (ICU) was associated with reducedmortality in patients who developed COVID-19-associated
acute respiratory distress syndrome (ARDS). The (A) 28-day and (B) 60-day survival rates were worse in ward-first (n= 75) patients who
developed COVID-19 ARDS as compared to ICU-direct patients (n= 82). CI, confidence interval; HR, hazards ratio.

TABLE 2 Mortality prediction scores.

Admission location Time until ICU upgrade

Ward-first, n= 75 ICU-direct, n= 82 p-Value <2 days, n= 25 ≥2 days, n= 50 p-Value

Symptom duration (days)a 7 (4, 9) 8 (6, 12) 0.109 6 (5, 9) 7 (4, 10) 0.618

EDmortality prediction

4C score 9 (6, 12) 11 (7, 13) 0.023 10 (7, 13) 10 (7, 11) 0.492

ICUmortality prediction

SAPS-III score 60 (54, 67) 59 (54, 69) 0.928 62 (53, 67) 58 (55, 68) 0.860

Note: Values are expressed asmedian with interquartile range (Q1,Q3).
Bold value indicates the statistically significant.
aPatients with unknown duration of symptomswere excluded from symptom duration analysis only (ward-first: n= 1, and ICU-direct: n= 2).

TABLE 3 Secondary outcomes.

Admission location Time until ICU upgrade

Ward-first, n= 75 ICU-direct, n= 82 p-Value <2 days, n= 25 ≥2 days, n= 50 p-Value

Respiratory-free daysa 0 (0, 19) 12 (0, 20) 0.067 0 (0, 20) 4 (0, 19) 0.634

Vasopressor-free daysb 24 (0, 28) 27 (18, 28) 0.044 21 (0, 28) 25 (0, 28) 0.519

CRRT-free days 28 (28, 28) 28 (28, 28) 0.280 28 (28, 28) 28 (28, 28) 0.642

Hospital-free days 0 (0, 10) 3 (0, 16) 0.052 0 (0, 17) 0 (0, 8) 0.435

ICU-free days 0 (0, 20) 11 (0, 20) 0.177 0 (0, 21) 8 (0, 19) 0.767

Note: Values are expressed as median with interquartile range (Q1,Q3). If patient died before or still required organ support, remained hospitalized or in the

ICU at day 28, they were presumed to have zero organ-free, hospital-free, or ICU-free days, respectively.

Bold value indicates the statistically significant.

Abbreviations: CRRT, continuous renal replacement therapy; ICU, intensive care unit.
aRespiratory-free days include total days out of 28 where patient did not require high flow nasal cannula and non-invasive or invasive positive pressure

ventilation.
bVasopressor-freedays include total daysoutof 28wherepatient didnot require vasoactivemedications, includingepinephrine, norepinephrine, vasopressin,

phenylephrine, milrinone, dobutamine, or dopamine.

3.5 Association between ED disposition and
COVID-19 ARDS mortality persisted in a sensitivity
analysis of an independent cohort of COVID-19
ARDS patients

A second cohort of patients (n = 65 ward-first, n = 64 ICU-

first) admitted between April 2021 and July 2022 who devel-

oped COVID-19 ARDS was combined with the primary cohort as

a sensitivity analysis for the primary outcomes. Ward-first patients

had worse mortality at both 28 days (48/140 [34%] vs. 32/146

[22%], HR 1.57, 95% CI 1.02‒2.43, p = 0.0429) and 60 days

(62/140 [44%] vs. 42/146 [29%], HR 1.72, 95% CI 1.17‒2.52,
p = 0.0055) compared to ICU-direct patients in this expanded cohort

(Figure S3).
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F IGURE 3 Ward-first patients requiredmore rapid escalation tomechanical ventilation within 1 day of intensive care unit (ICU) admission
compared to ICU-direct patients. (A) At time of ICU admission, a greater percentage of ICU-direct patients (n= 16 out of 82, 20%) required
mechanical invasive ventilation (MIV) as compared to ward-first patients (n= 1 out of 75, 1%). However, more ward-first patients (n= 27 out of 74,
36%) whowere admitted to the ICU on high flow nasal oxygen (HFNO) or non-invasive ventilation (NIV, inclusive of continuous positive airway
pressure and bilevel positive airway pressure) progressed to requiringMIVwithin 1 day compared to ICU-direct patients (n= 9 out of 66 patients,
14%). More ward-first patients progressed toMIV on day 2 of ICU admission compared to ICU-direct patients; however, this was not statistically
significant. (B) Sankey diagrams illustrate progression of respiratory support needs for ward-first (left) and ICU-direct (right) patients at ICU
admission and days 1 and 2 of ICU stay. NC, nasal cannula.

F IGURE 4 Shorter duration between hospital admission and upgrade to intensive care unit (ICU) was associated with worse 28-daymortality
in patients who developed acute respiratory distress syndrome (ARDS). The (A) 28-day and (B) 60-day survival curves in ward-first patients
(n= 75) who developed COVID-19 ARDS and required upgrade to ICU in less than 2 days (n= 25) comparedwith patients who upgraded 2 days or
later (n= 50) after admission. ICU-direct survival curve was included for reference. CI, confidence interval; HR, hazards ratio.

4 LIMITATIONS

This study has several limitations. First, criteria for ICU admission for

COVID-19 vary significantly by hospital, by region, and across time.

Even within our own system, our community-affiliated hospital sup-

ports patientswithCOVID-19who requireHFNOon thewardor in the

ICUdependingon clinician judgment,while anypatientwithCOVID-19

on HFNO requires ICU admission at our academic hospital. To account
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for this variability in ICUadmission criteria,wemeasuredmortality risk

and disease severity at time of ICU admission by calculating both the

SAPS-III score and ROX index, and found that these scores were not

different between groups. Our sample likely excluded patients at our

community site who were admitted to the ward on HFNO but never

transferred to the ICU, and these patientsmay represent a distinct sub-

set meeting ARDS criteria who improve and do not require the ICU;

thus, we also analyzed 28- and 60-daymortality in patients only admit-

ted to our academic hospital and found that the HRs associated with

ward-first admission were similar (28-day mortality: HR 2.0, 95% CI

0.92‒4.5; 60-daymortality: HR 2.0, 95%CI 1.0‒3.9). This suggests that
the association of ED disposition with mortality persists when includ-

ing patients on HFNO who got better and may have been cared for

on the ward at our community site. Overall mortality was also not dif-

ferent between our community and academic sites, suggesting that

our findings are unlikely due to management differences between the

hospitals. Nonetheless, interpretation of these data should consider

practice setting. In addition, our findings should be validated in a larger

multicenter cohort that includes all patients with COVID-19 who met

ARDS criteria.

The second limitation of our study is the demographic differences

between ward-first and ICU-direct patients. Ward-first patients had

more comorbidities associated with worse outcomes in COVID-19,

including lung disease and malignancy, which may have contributed to

their increased mortality despite lack of significance in our regression

analysis. Notably, the 4C and SAPS-III scores include comorbidities to

risk stratify patients; however, ward-first patients had worse mortal-

ity despite lower 4C scores and similar SAPS-III scores as ICU-direct

patients. Patients who rapidly upgraded to the ICU also had worse

mortality despite no differences in comorbid conditions compared

to patients with delayed upgrade, suggesting that the trajectory of

COVID-19 ARDS illness more accurately reflects mortality risk than

the snapshots provided by these scores at the time of hospital and ICU

admission.

A final limitation of our study is that we stopped enrollment in

July 2022 and thus included fewer patients infected with the omi-

cron variant of COVID-19, which remains the dominant circulating

strain in theUnited States. Illness severity has declined in the omicron-

dominant era17; thus, we hypothesized that inclusion of more patients

with omicron would decrease the association between ED disposition

and COVID-19 ARDSmortality.

5 DISCUSSION

In non-ARDS studies, patients transferred from hospital wards to ICU

have increased mortality compared to patients directly admitted to

ICU from the ED.9–13 Most unplanned ICU transfers occur due to pro-

gression of disease,18 with respiratory failure18 or admission for a

respiratory condition19 having the highest predictive value for rapid

upgrade to the ICU. In this cohort of patients with COVID-19 ARDS,

ED disposition to non-ICU level of care was associated with more

rapid escalation in respiratory support within 1 day of ICU admission

and worse mortality compared to ICU-direct patients. The associa-

tion between ward-first disposition and increased mortality persisted

in our sensitivity analysis of patients admitted from 2021 to 2022,

reflectingmore recent viral variants.

Several scoring systemswere developed to predict decompensation

due to COVID-19, yet none arewidely adopted to aid in ED disposition

decisions. A key finding in this work is that ward-first patients experi-

enced worse outcomes despite having lower ED-based 4C scores and

similar ICU-based SAPS-III scores compared to ICU-direct patients.

The median 4C score for both ward-first and ICU-direct patients

corresponded to a “high-risk” category, with estimated mortality of

31%‒35%,4 which accurately predictedmortality inward-first patients

(24/75, 32% at 28 days), but overestimated mortality in ICU-direct

patients (14/82, 17% at 28 days). Similarly, the median SAPS-III score

predicted mortality for ward-first patients at 33.5% and ICU-direct

patients at 35.6%, demonstrating that this score also performed poorly

for ICU-direct patients. Because these scores were derived in large

patient cohorts with a wider spectrum of disease severity, it is pos-

sible that the scores underperformed in ICU-direct COVID-19 ARDS

because these patients represent the “extremes” of risk. Similarly, the

ROX indexat ICUadmissionwas similar betweengroups, butward-first

patients progressed to mechanical ventilation faster than ICU-direct

patients. Because the ROX index has better discriminatory function

over time,2 repeated assessments to capture an individual’s trajectory

rather than a single, static measurement may have more accurately

predicted outcomes in ward-first patients.

There are several plausible explanations for the association

between initial ED disposition and patient outcomes. First, it is notable

that ward-first patients who upgraded to ICU often had rapid disease

progression despite initiation of steroids and other therapies. Previous

work has identified patients who have rapid evolution of disease

as representing a distinct clinical phenotype with high mortality,20

similar to our patient cohort. Inflammatory subphenotypes of COVID-

19 ARDS have also been identified where steroid treatment has a

differential impact on mortality,21 although it is currently unknown

whether ARDS subphenotypes can be identified in patients before

they progress to meet ARDS criteria. We hypothesized that ward-first

patients in our cohort who presented with initially less severe disease,

but experienced rapid progression despite steroid therapy, may repre-

sent a distinct ARDS subphenotype compared to ICU-direct patients.

Identifying phenotypes before ARDS onset may improve triage in

patients at risk for rapid progression.

System-level factors also likely contributed to increased mortal-

ity in ward-first patients. Respiratory decompensation is one of the

most common indications for ICU admission; however, it is poorly rec-

ognized. Among patients admitted to hospital wards, delayed rapid

response team activation commonly occurs due to unrecognized res-

piratory failure, and delay in recognition is associated with increased

mortality.22,23 Limited hospital resources during the COVID-19 pan-

demic also required step-down units to care for sicker patients and

patients meeting ICU criteria who are cared for in non-ICU settings

have worse outcomes,24 although this level of strain was not experi-

enced at Stanford Health Care. Our methodology does not allow us



LEBOLD ET AL. 9 of 10

to determine if different outcomes between ward-first and ICU-direct

patients were due to phenotypic differences or due to differences

in care provided in the ICU versus non-ICU settings. HFNO was not

allowed in non-ICU patients at our academic hospital, so it is possi-

ble that a delay in receiving HFNO contributed to worse outcomes in

ward-first patients. However, HFNO was allowed outside the ICU at

our community site and there was no difference in outcomes between

ward-first patients who received >20 L of HFNO prior to ICU trans-

fer andward-first patientswho first receivedHFNO in the ICU (28-day

mortality 2/6 [33%] vs. 6/14 [43%], p = 0.187). While there is lim-

ited power to rule out differences in outcomes, the lack of benefit

with pre-ICU administration of HFNO suggests that worse outcomes

in ward-first patients represent difference in host factors rather than

differences in care between groups. Overall, the cause of increased

mortality observed in ward-first patients is likely multifactorial and

futureefforts should focusonbothpatient-specific and system-specific

interventions to reducemortality.

Ward-first patients requiring intensive carewithin48hof admission

were at highest risk for poor outcomes in our study, highlighting a need

for improved identification of this group at time of hospital admission.

This highlights the fact that existing risk stratification strategies largely

focus on whether a patient will eventually require ICU admission, but

not when, and most predictive tools perform similarly irrespective of

timing of ICU upgrade.25 Future work should focus on tools to assist

ED disposition decisions that incorporate patient trajectory and tim-

ing of critical care interventions.While the global impact of COVID-19

has evolved with less severe disease and declining mortality rates due

to vaccines, therapeutics, and viral evolution, COVID-19 infection con-

tinues to cause hospitalizations and ICU admissions similar to other

endemic viruses, such as influenza. Tools to identify “rapid progressors”

in patients infected with COVID-19 are still needed and may translate

to patients infected with other respiratory viral illnesses, which is a

potential topic for future research.

In summary, we found that compared to direct ICU admission,

admission from the ED to the ward is associated with increased mor-

tality in patients who meet COVID-19 ARDS criteria during their

hospitalization, despite lower 4C and similar SAPS-III risk scores at

the time of hospital and ICU admission, respectively. Patients with

rapid progression had the worst outcomes, and current risk stratifi-

cation tools fail to identify these patients at the time of admission.

Future work should focus on validating these findings in larger cohorts

and developing tools to identify “rapid progressors” at the time of ED

disposition.
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