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Abstract
During the spring 2020 COVID-19 surge, hospitals in Southeast Michigan were overwhelmed, and hospital beds were limited.
However, it is unknown whether threshold for hospital admission varied across hospitals or over time.
Using a statewide registry, we performed a retrospective cohort study. We identified adult patients hospitalized with COVID-19 in

Southeast Michigan (3/1/2020-6/1/2020). We classified disease severity on admission using the World Health Organization (WHO)
ordinal scale. Our primary measure of interest was the proportion of patients admitted on room air. We also determined the
proportion without acute organ dysfunction on admission or any point during hospitalization. We quantified variation across hospitals
and over time by half-month epochs.
Among 1315 hospitalizations across 22 hospitals, 57.3% (754/1,315) were admitted on room air, and 26.1% (343/1,315) remained

on roomair for the duration of hospitalization. Across hospitals, the proportion of COVID-19 hospitalizations admitted on roomair varied
from 32.3% to 80.0%. Across half-month epochs, the proportion ranged from 49.4% to 69.4% and nadired in early April 2020. Among
patients admitted on room air, 75.1% (566/754) had no acute organ dysfunction on admission, and 35.3% (266/754) never developed
acute organ dysfunction at any point during hospitalization; there wasmarked variation in both proportions across hospitals. In-hospital
mortality was 13.7% for patients admitted on room air vs 26.3% for patients requiring nasal cannula oxygen.
Among patients hospitalized with COVID-19 during the spring 2020 surge in Southeast Michigan, more than half were on room air

and a third had no acute organ dysfunction upon admission, but experienced high rates of disease progression and in-hospital
mortality.

Abbreviations: CQI = collaborative quality initiative, WHO = World Health Organization.
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1. Introduction
Pneumonia and respiratory failure are commonmanifestations of
severe acute respiratory syndrome coronavirus-2. However,
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high burden of comorbid disease and concern that patients are at
high risk for further clinical deterioration.
Over the course of the pandemic, regional surges of infections

have overwhelmed hospitals and healthcare systems[3–5] and
professional societies developed guidelines to triage scarce
medical resources.[5,6] There has been great interest in identifying
risk factors for COVID-19 disease progression and developing
tools to identify patients who are likely to deteriorate using
clinical factors (e.g., vital signs, co-morbidities, laboratory values
on admission) given the scarcity of inpatient hospital beds[2,7–10]

and the association of hospital crowding and workload with
worse outcomes.[11–14] However, it is unclear how illness severity
on admission varied across hospitals or over time.
In this study, we sought to examine illness severity on

admission over time and across hospitals in Southeast Michigan
during the spring 2020 surge. Specifically, we measured the
proportion of patients hospitalized with COVID-19 who had
1.
 no oxygen requirement on admission,

2.
 no acute organ dysfunction on admission, and

3.
 no acute organ dysfunction at any point during hospitalization.

We hypothesized that the proportion of patients admitted on
room air would decline over study time-period as clinicians
gained experience treating COVID-19.
2. Methods

This is a multi-hospital observational cohort study of patients
hospitalized for COVID-19 in Southeast Michigan and reported
to the MI-COVID-19 registry. This project was reviewed and
approved by the University of Michigan Institutional Review
Board.
2.1. Data source: MI-COVID-19

MI-COVID-19 is a Michigan statewide multi-center collabora-
tive quality initiative (CQI) sponsored by Blue Cross Blue Shield /
Blue Care Network of Michigan to improve care for adult
patients hospitalized with COVID-19.[15,16] Professional abstrac-
tors at participating hospitals collected data (including demo-
graphics, medical history, symptoms, laboratory values,
treatments, and outcomes) from the medical record of eligible
patients using a structured template. For hospitals unable to
abstract all eligible hospitalizations, a random sample of eligible
patients was selected for abstraction (cases were sorted by day of
admission and, for each day, a pseudo-random number (minute
of hospital discharge) was used to select patients for detailed
abstraction).

2.2. Patient cohort

We identified all patients hospitalized for laboratory-confirmed
severe acute respiratory syndrome coronavirus-2 infection
(confirmed via reverse-transcriptase polymerase chain reaction
testing) admitted between March 1, 2020 to June 1, 2020 and
discharged by August 24, 2020 at hospitals in Southeast
Michigan (defined as counties within the Southeast Michigan
Council of Governments: Livingston County, Macomb County,
Monroe County, Oakland County, Saint Clair County, Wash-
tenaw County, Wayne County).[17] We focused on Southeast
Michigan since the majority of cases in Michigan during March-
May 2020 occurred in this region,[18] and we were interested in
2

admission practices during the regional surge of COVID-19. For
our primary analysis, we excluded patients admitted via
inpatient-to-inpatient inter-hospital transfer since our primary
goal was to examine disease severity on the calendar day of
admission. However, in sensitivity analyses we examined all
hospitalizations, including those admitted via inter-hospital
transfer. For all analyses, we excluded hospitalizations at
facilities with fewer than 10 COVID-19 hospitalizations in the
MI-COVID-19 registry, in order to have sufficient hospital-
izations per facility to support cross-hospital comparisons.
2.3. Study definitions

We classified disease severity on calendar day of admission
according to the World Health Organization (WHO) ordinal
scale[19] (Supplement Table S1, http://links.lww.com/MD/G396),
a pragmatic, 8-point ordinal scale that objectively classifies
patients’ disease severity into ambulatory (1=asymptomatic;
2=mild limitation of activities), hospitalized with mild disease
(3=no supplemental oxygen; 4=oxygen by mask or nasal
prongs), hospitalized with severe disease (5=non-invasive
ventilation or high-flow oxygen; 6=intubated and mechanically
ventilated; 7=mechanically ventilated+additional organ support
(vasopressors, renal replacement therapy, or extracorporeal
membrane oxygenation)), and deceased (8=dead). Ordinal scales
have previously been used to evaluate treatments for influen-
za.[20,21] The WHO developed this scale to harmonize studies of
COVID-19,[19] and it has been used in multiple COVID-19
clinical trials.[22–25]

Among patients admitted on room air, we measured the rate of
1.
 acute organ dysfunction on the calendar day of admission, and

2.
 acute organ dysfunction at any point during hospitalization.

Acute organ dysfunction was defined as at least 1 of the
following: (a) receipt of any respiratory support (e.g., supple-
mental oxygen, heated high flow nasal cannula, non-invasive
positive-pressure ventilation, or invasive mechanical ventilation);
(b) acute renal dysfunction, as defined by new dialysis/renal
replacement therapy or creatinine elevation ≥50% above
baseline among patients without pre-existing end-stage renal
disease; (c) acute hematologic dysfunction, as defined by platelet
count <100cells/mL and �50% below baseline; (d) acute liver
dysfunction, as defined by total bilirubin elevation of>2.0mg/dL
and ≥50% above baseline; (e) receipt of vasopressor therapy; or
(f) in-hospital mortality. Baseline organ function was defined by
the best laboratory value during the hospitalization, consistent
with the Centers for Disease Control and Prevention’s Adult
Sepsis Event definition.[26]
2.4. Study outcomes and analysis

The primarymeasure of interest was the proportion of COVID-19
hospitalizations admitted on room air (WHO-class 3). We
completed several analyses to understand admission practices
and outcomes for these patients. First, we compared patient
characteristics, early treatments (i.e., those received during the first
2days of hospitalization), and outcomes across subgroups defined
by WHO-class on admission, and tested for trends across WHO-
classes using Cochran-Armitage Trend, Cochran-Mantel-Haens-
zel, and Jonckheere-Terpstra tests for ordinal, dichotomous, and
continuous variables, respectively. Second, we examined the
proportion of COVID-19 hospitalizations admitted on room air
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across hospitals and over time by half-month epochs. For this
secondanalysis,we also completed sensitivity analyses inwhichwe
included patients admitted via inter-hospital transfer. Third, we
examined the proportion of patients admitted on room air who
1.
 had no acute organ dysfunction on admission, and

2.
 had no acute organ dysfunction at any point during

hospitalization, and how these proportions varied across
hospitals and over time.

Fourth, among patients admitted on room air, we assessed the
extent to which patient characteristics on hospital admission
predicted progression to acute organ dysfunction. Specifically, we
fit a multivariable logistic regression model predicting the
development of acute organ dysfunction, using the following
patient characteristics as predictors: age, place of residence prior to
hospitalization, 3 co-morbidities (congestive heart failure, diabe-
tes, and kidney disease), shortness of breath on presentation,
maximum heart rate and respiratory rate on presentation, and
maximum creatinine on admission. A small proportion of patients
admitted on roomair had non-respiratory acute organ dysfunction
present on calendar day of admission; these patients were excluded
from the predictive model. Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC).
3. Results

3.1. Patient cohort

Among 2,193 hospitalizations for COVID-19 in the MI-COVID-
19 registry, 878 (40.0%) were excluded, leaving 1,315 hospital-
izations at 22 hospitals for inclusion in our primary analysis
(Supplement Figure S1, http://links.lww.com/MD/G394). Specif-
ically, we excluded 86 hospitalizations admitted after June 1,
2020, 132 hospitalizations admitted via inter-hospital transfer,
651 hospitalizations outside of Southeast Michigan, and 9
hospitalizations from hospitals with fewer than 10 cases in the
registry. The final cohort was a median age of 65years, 50.1%
male, and 51.9% Black (Supplement Table S2, http://links.lww.
com/MD/G397). In-hospital mortality was 21.1%, and 60-day
post discharge mortality was 26.2%.

3.2. Disease severity on hospital admission

On the calendar day of admission, 754 patients (57.3%) were on
room air (WHO-class 3 disease) (Table 1), 501 (38.1%) received
supplemental oxygen by nasal prongs ormask (WHO-class 4), 13
(1.0%) received heated high flow or non-invasive positive
pressure ventilation (WHO-class 5), 12 (0.9%) received invasive
mechanical ventilation but no other organ support (WHO-class
6), and 29 (2.2%) received invasive mechanical ventilation plus
additional organ support(s) (WHO-class 7). In sensitivity
analyses, we included an additional 128 hospitalizations
admitted via inter-hospital transfer for a total cohort size of
1443; on the calendar day of admission, 802 (55.8%) hadWHO-
class 3 disease severity, 546 (38.0%) had WHO-class 4 disease,
18 (1.3%) had WHO-class 5 disease, 22 (1.5%) had WHO-class
6 disease, and 49 (3.4%) had WHO-class 7 disease.

3.3. Variation in patient characteristics, early treatment,
and outcomes by WHO disease severity on admission

Patient characteristics and outcomes differed across the ordinal
disease severity classes (Table 1). Patients admitted on room air
3

(WHO-class 3) were younger (63 vs 67 vs 70years) and more
likely to be living at home (79.6% vs 70.5% vs 63.0%) than
patients with WHO-class 4 or WHO-classes 5 to 7 on admission
(P< .001) (Table 1). Patients admitted on room air had similar
rates of diabetes (37.7%–42.6%), chronic kidney disease
(25.9%–28.0%), and asthma (12.1%–14.8%) as patients with
WHO-class 4 or WHO-classes 5 to 7 on admission (P> .05), but
lower rates of chronic obstructive pulmonary disease (COPD)
(8.2% vs 18.2%–18.5%) and congestive heart failure (11.7% vs
16.8%–18.5%) (P< .001 and P< .01, respectively) (Table 1).
Patients admitted on room air had lower median lactate (1.4mg/
dL vs 1.5–2.2mg/dL, P< .01), lower median creatinine (1.09 vs
1.14–1.54mg/dL, P< .01), and lower median white blood cell
count (6.3cells/uL vs 7.1–10.2cells/uL, P< .001) on calendar day
of admission than patients withWHO-class 4 orWHO-class 5 to
7 disease, respectively (Table 1).
Likewise, early treatments differed across disease severity

classes (Table 2). However, while use was lower among patients
admitted on room air, a substantial proportion were still treated
with adjunctive therapies. For example, during the first 2 days of
hospitalization, patients admitted on room air were treated with
antibacterial agents (64.2%), hydroxychloroquine (44.3%),
azithromycin (35.3%), corticosteroids (21.9%), and Vitamin C
(6.2%). Among patients admitted on room air, the most common
acute organ dysfunctions experienced during hospitalization
were pulmonary dysfunction (54.5%), renal dysfunction
(32.6%), and shock (11.4%). In-hospital mortality was
13.7%, compared to 26.3% among patients admitted on
supplemental oxygen, and 74.1% among patients receiving
advanced respiratory support on the day of admission, P< .001.
3.4. Variation in admission disease severity across
hospitals and over time

The proportion of COVID-19 hospitalizations admitted on room
air varied markedly across hospitals (32.3%–80.0%) and, to a
lesser degree, over time (49.3%–69.4%) as measured across half-
month epochs (Fig. 1). The proportion of patients admitted on
room air nadired in early April, when case counts were highest in
Southeast Michigan.
In sensitivity analyses including patients admitted via inter-

hospital transfer, findings were similar to the primary analysis;
the proportion of COVID-19 hospitalizations admitted on room
air varied from 30.8% to 80.9% across hospitals (Supplement
Figure S2, http://links.lww.com/MD/G395), and from 47.8% to
68.4% across half-month epochs (Supplement Figure S2, http://
links.lww.com/MD/G395), again nadiring in early April.
3.5. Disease progression among patients with WHO-class
3 disease on admission

Among the 754 patients admitted on room air, 188 (24.9%)
had non-pulmonary acute organ dysfunction on admission.
498 (66.0%) had acute organ dysfunction (pulmonary or non-
pulmonary) at some point during hospitalization. Only
256 (19.5% of hospitalizations for COVID-19, and 34.0% of
patients admitted on room air) had no acute organ dysfunction at
any point during hospitalization. The proportion of COVID-19
hospitalizations with no acute organ dysfunction at any point
during hospitalization ranged from 2.2% to 35.3% across
hospitals, and from 14.0% to 25.0% across half-month epochs,
with a nadir in early April (Fig. 2).
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Table 1

Patient characteristics by WHO disease severity class
∗
on admission (N=1315).

WHO3
∗

(Room air)
WHO4

∗
(Supplemental Oxygen

by Nasal Cannula)
WHO5-7

∗
(Advanced

respiratory support) P
∗∗

Number, N (%) 754 (57.3%) 501 (38.1%) 54 (4.1%)
Age, median (IQR) 63 (50,75) 67 (56,79) 70 (59,81) <.001
Male, N (%) 48.4% 50.9% 59.3% .13
Race, N (%) 0.39
White 37.4% 42.5% 33.3%
Black 53.3% 49.0% 57.4%
Other/unknown 9.3% 8.5% 9.3%

Place of residence prior to hospitalization, % <.001
Home 79.6% 70.5% 63.0%
Other 20.4% 29.5% 37.0%

Comorbidities, %
Diabetes 37.7% 37.3% 42.6% .75
Moderate or severe kidney disease 28.0% 26.0% 25.9% .44
Asthma 12.1% 14.2% 14.8% .26
Congestive Heart failure 11.7% 16.8% 18.5% <.01
Chronic obstructive pulmonary disease 8.2% 18.2% 18.5% <.001
Cancer 8.0% 7.8% 7.4% .87
Receipt of immunosuppressive or steroid prior to hospitalization 8.5% 10.4% 13.0% .15

Median duration of symptoms prior to presentation (in days) 5 5 3 .09
Symptoms on presentation, %
Fever (>100.4) 34.5% 35.5% 27.8% .78
Generalized malaise 10.6% 7.2% 3.7% .01
Weakness 27.7% 22.4% 24.1% .06
Dyspnea/shortness of breath 62.7% 80.4% 88.9% <.001
Cough (New or Worsening) 68.4% 74.7% 55.6% .53
Non-pleuritic chest pain 10.3% 8.0% 1.9% .03
Pleuritic chest pain 8.8% 4.6% 1.9% <.01

Calendar day of admission laboratory values
∗∗∗

None measured, % 2.4% 1.0% 0 .04
Median lactate, mg/dL 1.4 1.5 2.2 <.01
Median creatinine, mg/DL 1.1 1.1 1.5 <.01
Median white blood cell count, cells/mL 6.3 7.1 10.2 <.001
Median absolute lymphocyte count, cells/mL 0.9 0.9 1.1 .11
Median hemoglobin, g/dL 13.2 12.9 13.9 .32
Median platelet, cells/mL 197 207 185 .07
Median total bilirubin, mg/dL 0.6 0.6 0.8 <.01

Radiology tests performed on calendar day of admission, %
Chest x-ray performed 86.6% 94.0% 96.3% <.001
Chest ct performed 9.6% 8.0% 11.1% .63

Admission location, % <.001
Observation unit 13.3% 4.2% 0
Ward (general medicine/surgical) 67.6% 66.5% 9.3%
Step-down 13.0% 19.6% 3.7%
ICU 6.1% 9.8% 87.0%

IQR = interquartile range, WHO = World Health Organization.
∗
WHO disease severity classifications: WHO3: no supplemental oxygen; WHO4: oxygen by mask or nasal prongs; WHO5: non-invasive ventilation or high-flow oxygen; WHO6: intubated and mechanically

ventilated; WHO7: mechanically ventilated+additional organ support (pressors, renal replacement therapy or extra-corporeal membrane oxygenation). Given the small number of patients with severe disease on
admission, WHO-classes 5, 6, and 7 were grouped together.
∗∗
P value for trend.

∗∗∗
For each patient, most abnormal laboratory value was used to calculate median value.

Wayne et al. Medicine (2021) 100:37 Medicine
Our multivariable model predicting the development of acute
organ dysfunction was moderately predictive, with a c-statistic of
0.75.Amongpatients admittedon roomair, older age andabnormal
vital signs on presentation were strongly predictive of development
of acute organ dysfunction (Supplement Tables S3 and S4, http://
links.lww.com/MD/G398, http://links.lww.com/MD/G399).
4. Discussion

In this multi-institutional cohort of patients hospitalized for
COVID-19 in Southeast Michigan during the Spring 2020, the
4

majority (57%) of patients required no supplemental oxygen on
the calendar day of admission, and more than a third had no
acute organ dysfunction (pulmonary or non-pulmonary) on
presentation. However, these figures bely the illness severity of
these patients. Among patients admitted on room air, there was a
high rate of progression to more severe disease (2/3rd developed
acute organ dysfunction during hospitalization), and in-hospital
mortality was nearly 14%—markedly higher than in-hospital
mortality among all inpatient hospitalizations in the United States
in 2017 (∼2%)[27] or inpatient hospitalizations for pneumonia
(3%–7%).[28–30]
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Table 2

Early treatment and outcomes by WHO disease severity class
∗
on admission.

WHO3
∗

(Room air)
WHO4

∗
(Supplemental Oxygen

by Nasal Cannula)
WHO5-7

∗
(Advanced

respiratory support) P
∗∗

Early treatment
∗∗∗

, %
Antibiotics 64.2% 76.1% 83.3% <.001
Steroids 21.9% 42.5% 44.4% <.001
Azithromycin 35.3% 43.7% 51.9% <.001
Hydroxychloroquine 44.3% 59.3% 63.0% <.001
Vitamin C (PO or IV) 6.2% 10.4% 1.9% .18

Outcomes
Ever in ICU, % 8.5% 13.4% 53.7% <.001
Median days in ICU, (IQR) 0 (0, 0) 0 (0, 0) 1 (0, 6) <.001

Organ dysfunctions (ever)
∗∗∗∗

, %
Shock 11.4% 18.0% 74.1% <.001
Respiratory failure 9.4% 16.6% 88.9% <.001
Acute renal dysfunction 32.6% 36.9% 64.8% <.001
New dialysis 3.9% 4.4% 16.7% <.01
Acute hematologic dysfunction 5.4% 6.4% 11.1% <.001
Acute liver dysfunction 2.7% 4.4% 5.6% .06

Median number of acute organ dysfunctions 0 0 3 <.001
Median length of stay, days (IQR) 6 (4, 9) 6 (4, 10) 7 (4, 13) <.01
LOS for hospital survivors, days (IQR) 5 (3, 8) 6 (4, 10) 13 (9, 15) <.001

In-hospital mortality, % 13.7% 26.3% 74.1% <.001
60-day post-discharge mortality, % 18.0% 32.7% 77.8% <.001
Rehospitalization, % 14.8% 19.2% 21.4% .06

IQR = interquartile range, WHO = World Health Organization.
∗
WHO disease severity classifications: WHO3: no supplemental oxygen; WHO4: oxygen by mask or nasal prongs; WHO5: non-invasive ventilation or high-flow oxygen; WHO6: intubated and mechanically

ventilated; WHO7: mechanically ventilated+additional organ support (pressors, renal replacement therapy or extra-corporeal membrane oxygenation). Given the small number of patients with severe disease on
admission, WHO-classes 5, 6, and 7 were grouped together.
∗∗
P value calculated as P value for trend.

∗∗∗
Early treatment refers to therapies received within 2 calendar days of admission.

∗∗∗∗
Organ dysfunction defined as: Shock: received vasopressor; Respiratory failure: received invasive mechanical ventilation; Acute renal dysfunction: new dialysis / renal replacement therapy or creatinine

elevation ≥50% above baseline; Acute hematologic dysfunction: platelet count <100 and decrease in platelet count by ≥50% compared to baseline; Acute liver dysfunction: total bilirubin >2.0 mg/dL and
≥50% compared to baseline. Baseline renal, hematologic, and liver function determined by lowest creatinine or bilirubin and highest platelet count, respectively, recorded during hospitalization.

Wayne et al. Medicine (2021) 100:37 www.md-journal.com
Beyond quantifying the overall proportion of hospitalizations
for COVID admitted on room air or without any acute organ
dysfunction, we found marked variation across hospitals and, to
a lesser extent, over time. The proportion of patients admitted on
room air varied nearly 3-fold across hospitals, ranging from 32%
to 80%, and from 50% to 70% over time. The proportion of
hospitalizations without acute organ dysfunction varied more
than 10-fold across hospitals, from 2% to 35%, and from 14% to
25% over time.
The proportion of patients admitted on room air nadired in

early April when case counts peaked in Southeastern Michigan,
suggesting a variable threshold for hospital admission during
surge or contingency settings. We hypothesized that hospital-
izations for lower disease severity would decrease over time as
clinicians developed greater understanding of the natural history
of COVID-19, and may therefore be better able to triage patients
with low disease severity away from hospitalization. However,
we found that the proportion of patients admitted on room air
instead correlated with case volume in the region, and increased
once case volume dropped at the end of the surge. These trends
were similar across all our analyses, including analyses examining
the proportion of patients admitted without any acute organ
dysfunction, the proportion without acute organ dysfunction at
any point during hospitalization, and analyses incorporating
inter-hospital transfers.
The findings of our study are consistent with cohorts of

hospitalized COVID-19 patients in the United States (US). For
example, 26% of our cohort never required supplemental oxygen
5

during hospitalization, which is similar to the rate reported across
8 hospitals in Georgia in March 2020, where 24% of patients
hospitalized with COVID-19 never required supplemental
oxygen.[1] Likewise, in a cohort of patients hospitalized in the
Washington DC metropolitan area in March and April 2020,
nearly 60% of patients did not require supplemental oxygen on
admission, as compared to our cohort where 57% of patients did
not require supplemental oxygen on admision.[2] Among our
cohort, 35% developed acute kidney injury during hospitaliza-
tion, 5% received new renal replacement therapy, 16% received
invasive mechanical ventilation, and 17% received a vasopressor.
These rates of acute organ dysfunction are similar to the rates
reported in other US cohorts including in New York, the VA
healthcare system, and New Orleans where rates of acute kidney
injury ranged from 28% to 37%[31–35], new renal replacement
therapy ranged from 4% to 15%,[31–34] use of invasive
mechanical ventilation ranged from 13% to 30%,[2,31–34,36]

and rates of vasopressor use ranged from 14% to 28%.[31–33,36]

Likewise, overall mortality in our cohort (21%) was comparable
to other cohorts of hospitalized COVID-19 patients in the US,
including the nationwide VA healthcare system (19%),[36] 8
hospitals in Georgia primarily located in the Atlanta metropoli-
tan area (17%),[1] hospitals in the Washington DC metropolitan
region (16%),[2] 13 academic and community hospitals in
metropolitan NewYork (16%),[31] and at a single large academic
medical center in New York City (21%).[32]

The high rate of disease progression and mortality among
patients admitted on room air underscores the importance of

http://www.md-journal.com


Figure 1. Variation in COVID-19 admission disease severity across hospitals (Panel A) and over time (Panel B). Panel A shows the proportion of admissions with
World Health Organization (WHO) disease severity classes 3-7 on admission, by hospital. Panel B shows the proportion of admissions with WHO disease severity
classes 3-7 on admission, by half-month epoch. There were a total of 1309 admissions during the study period; admissions by hospital ranged from 12 to 209;
admission by time-period ranged from 36 to 693. May 16 to 30 is not shown as only 5 admissions for COVID-19 occurred during this time-period. WHO disease
severity classifications: WHO3: no supplemental oxygen; WHO4: oxygen by mask or nasal prongs; WHO5: non-invasive ventilation or high-flow oxygen; WHO6:
intubated and mechanically ventilated; WHO7: mechanically ventilated+additional organ support (pressors, renal replacement therapy or extra-corporeal
membrane oxygenation).

Wayne et al. Medicine (2021) 100:37 Medicine
admission decisions, and also of monitoring and counseling
patients who are not admitted. Given the large number of
COVID-19 cases, limited number of hospital beds, and
challenges of increasing hospital capacity, many hospitals have
provided patients with pulse oximeters and instructions to
present to the hospital if hypoxemic.[37–39] However, for the
patients in our cohort who required supplemental oxygen on the
day of admission, in-hospital mortality was nearly 31%.
Moreover, pulse oximeters are prone to under-detect hypoxemia,
especially in Black patients,[40] potentially leading to delayed
care. Overall, our findings suggest that abnormal pulse oximetry
may be an insufficiently sensitive threshold for hospitalization.
Our study has some limitations. First, we used the WHO

ordinal scale to classify disease severity on admission, as it is a
6

commonly-used and objective set of criteria. However, this scale
focuses heavily on respiratory manifestations of disease, so does
not fully capture the myriad potential indications for hospitali-
zation. We therefore also measured acute organ dysfunction on
presentation, as this is a more sensitive indicator of potential
indications for hospitalization. Second, we are unable to assess
the appropriateness of hospitalization for an individual patient.
Thus, while the proportion of patients admitted on room air or
without any organ dysfunction varied markedly across hospitals,
some of this variation may be appropriate. However, the
magnitude of variation observed and correlation with case counts
suggests that there is a variable threshold for hospitalization by
context. Third, we defined acute organ dysfunction based on
absolute and relative changes in laboratory values. Some may



Figure 2. Variation in the proportion of COVID-19 hospitalizations without acute organ dysfunction during hospitalization, by hospital (panel A) and over time (panel
B). Panel A shows the proportion of admissions who never developed any acute organ dysfunction during hospitalization by hospital. Panel B shows the proportion
of admissions who never developed acute organ dysfunction over time. There were a total of 1309 admissions during the study period; admissions by hospital
ranged from 12 to 209; admission by time-period ranged from 36 to 693. May 16 to 30 is not shown as only 5 admissions for COVID-19 occurred during this time-
period.

∗
Acute organ dysfunction defined as at least 1 of the following: (A) receipt of any respiratory support (e.g., supplemental oxygen, heated high flow nasal

cannula, non-invasive positive-pressure ventilation, or invasive mechanical ventilation); (B) acute renal dysfunction, as defined by new dialysis / renal replacement
therapy or creatinine elevation ≥50% above baseline among patients without pre-existing end-stage renal disease; (C) acute hematologic dysfunction, as defined
by platelet count<100cells/mL and�50% or more from baseline; (D) acute liver dysfunction, as defined by total bilirubin elevation of>2.0mg/dL and ≥50% above
baseline; (E) receipt of vasopressor therapy; or (F) in-hospital mortality. Baseline renal, hematologic, and liver function were defined by lowest creatinine, highest
platelet count, and lowest total bilirubin, respectively, during the hospitalization.
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prefer different thresholds to define organ dysfunction, but our
focus was on understanding variation across hospitals and over
time, which was facilitated by our objective definition.
5. Conclusions

Among patients hospitalized with COVID-19 during the spring
2020 surge in Southeast Michigan, more than half were on room
7

air and a third had no acute organ dysfunction upon admission,
but nonetheless experienced high rates of disease progression and
in-hospital mortality. There was marked variation across
hospitals and over time in the proportion of patients admitted
on room air. The proportion nadired in early April when case
counts peaked, suggesting that admission thresholds varied
according to hospital demand and not as a function of experience
with treating COVID-19.

http://www.md-journal.com
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