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Variation in COVID-19 Mortality Across 117 US Hospitals
in High- and Low-Burden Settings

Brian L Block, MD"™, Thomas M Martin, MS?, W John Boscardin, PhD?, Kenneth E Covinsky, MD, MPHS,
Michele Mourad, MD#, Lissy L Hu, MD?, Alexander K Smith, MD, MS, MPH?

'Division of Pulmonary Allergy, Critical Care and Sleep Medicine, University of California, San Francisco, San Francisco, California; ?CarePort Health,

Boston, MA; *Division of Geriatrics, University of California, San Francisco, San Francisco, California; *Division of Hospital Medicine, University of

California, San Francisco, San Francisco, California.

Some hospitals have faced a surge of patients with
COVID-19, while others have not. We assessed whether
COVID-19 burden (number of patients with COVID-19
admitted during April 2020 divided by hospital certified
bed count) was associated with mortality in a large sample
of US hospitals. Our study population included 14,226
patients with COVID-19 (median age 66 years, 45.2%
women) at 117 hospitals, of whom 20.9% had died at 5
weeks of follow-up. At the hospital level, the observed

tis clear that certain patient-level factors, such as age, sex,

and comorbidities, predict outcomes of SARS-CoV-2 infec-

tion."? Less is known about whether hospital-level factors,
including surges of patients with COVID-19, are associated
with patient outcomes.

In a multicenter cohort study of 2,215 patients with COVID-19
in 65 intensive care units (ICU) across the United States, mor-
tality rates varied widely (6.6%-80.8%), with improved surviv-
al for patients admitted to a hospital with more (>100) rather
than fewer (<50) ICU beds.®> A different study found that at
the state level, COVID-19 mortality increased with increasing
COVID-19 admissions.* Together, these studies suggest that
surges in COVID-19 patient volume may be associated with
excess mortality. However, the first study was restricted to the
ICU population, limiting generalizability, and did not consider
admission volume, only ICU bed count. Meanwhile, the sec-
ond study considered both hospital capacity and patient vol-
ume, but it describes a relatively small sample, did not adjust
for patient-level predictors of mortality, and does not report
outcomes at the hospital level.

Here, we used a large dataset to compare in-hospital mor-
tality rates for patients with COVID-19 across US hospitals,
hypothesizing that mortality would be higher in hospitals with
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mortality ranged from 0% to 44.4%. After adjustment for
age, sex, and comorbidities, the adjusted odds ratio for
in-hospital death in the highest quintile of burden was
1.46 (95% Cl, 1.07-2.00) compared to all other quintiles.
Still, there was large variability in outcomes, even among
hospitals with a similar level of COVID-19 burden and
after adjusting for age, sex, and comorbidities. Journal of
Hospital Medicine 2021;16:215-218. © 2021 Society of
Hospital Medicine

the highest burden of COVID-19 admissions. By adjusting for
patient-level predictors of mortality and normalizing admission
volume for hospital size, we are able to describe residual vari-
ability in mortality that may be attributable to differences in
COVID-19 patient volume.

METHODS

We included patients with an International Statistical Classifica-
tion of Diseases, Tenth Revision (ICD)-10 diagnosis of COVID-19
(U07.1) who were admitted to a US hospital that contracts with
CarePort Health.® CarePort is a platform for discharge planning
and care coordination that contracts with hospitals in all US re-
gions and auto-extracts data using interface feeds.

We restricted the population to patients admitted between
April 1 and April 30, 2020, after a new ICD-10 code for con-
firmed COVID-19 infection became available, and to hospitals
that provided real-time ICD-10 data and pertinent demograph-
ic information and could be linked to Centers for Medicare &
Medicaid Services (CMS) data by National Provider Identifier.
We assumed that the 145 patients (1.0%) who remained hos-
pitalized at 5 weeks all survived. For the 5.9% of patients with
multiple admissions during the study period, we included only
the first admission with a diagnosis code for COVID-19.

We adjusted for patient age, sex, and the 31 comorbidi-
ties in the Elixhauser index, defined by ICD-10 codes. This
set of comorbidities includes those previously associated with
COVID-19 survival."?¢ Unfortunately, inconsistent reporting of
vital signs and laboratory data precluded adjusting for acute ill-
ness severity. For those patients whose residence zip code was
known, we report the racial breakdown (White vs non-White)
and adjusted gross income (AGl), based on linked information
from the 2018 American Community Survey.”
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TABLE. Characteristics and Outcomes of 14,226 Patients
Admitted to US Hospitals With COVID-19

Observed mortality,

Characteristic No. of patients No. (%)
All patients 14,226 2,972 (20.9)
Age,y
<20 132 2(1.5)
20-44 1,742 60 (3.4)
45-54 1,697 145 (8.5)
55-64 2,947 428 (14.5)
65-74 3,170 765 (24.1)
75-84 2,592 838 (32.3)
85+ 1,946 734 (37.7)
Sex
Female 6,425 1,219 (19.0)
Male 7,801 1,753 (22.5)
Region®
Midwest 2,009 369 (18.4)
Northeast 10,421 2,334 (22.4)
South 1,176 169 (14.4)
West 620 100 (16.1)
Comorbid conditions®
Congestive heart failure 2,110 734 (34.8)
Chronic lung disease 2,700 628 (23.3)
Chronic kidney disease 3,231 1,038 (32.1)
Hypertension 8,298 2,097 (25.3)
Diabetes 5,210 1,334 (25.6)
Obesity 2,175 428 (19.7)
Hospital COVID-19 burden, quintile (admits/bed)
Lowest (0.004-0.05) 210 32(15.2)
Second (0.05-0.10) 525 71(13.5)
Third (0.10-0.20) 1,002 164 (16.4)
Fourth (0.20-0.39) 2,906 525(18.1)
Highest (0.39-2.03) 9,583 2,180 (22.7)
Hospital size (beds)?
<200 2,766 456 (16.5)
200-699 4,692 973 (20.7)
>700 6,768 1,543 (22.8)

¢ In-hospital mortality through 5 weeks of follow-up.

b Based on Census Bureau Regions and Divisions. United States Census Bureau. Accessed
March 2, 2021. https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf

< Diagnoses abstracted from International Statistical Classification of Diseases, Tenth Revision
data per the methodology described in the Methods section of this article.

d Certified bed count from December 2019 Centers for Medicare & Medicaid Services data.?

We defined COVID-19 burden as the quotient of COVID-19
admissions in April 2020 and each hospital’s certified bed
count, as reported to the CMS.2 This allowed us to normal-
ize COVID-19 patient volume for variation in hospital size, ac-
knowledging that admitting 10 patients with COVID-19 to a
1,000-bed hospital is different from admitting 10 patients with
COVID-19 to a 20-bed hospital. Certified bed count seemed
the ideal denominator because it excludes beds not readily
deployable to care for patients with COVID-19 (eg, radiology
suites, labor and delivery rooms).

We computed hospital-specific adjusted mortality pro-
portions and 95% confidence intervals based on hierarchical
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multivariable logistic regression, adjusting for age, sex, and
comorbidities, and a random effect for each hospital ' Hy-
pothesizing that there may be a threshold of burden beyond
which mortality begins to rise, we compared the in-hospital
mortality rate at hospitals in the highest quintile of COVID-19
burden to all other hospitals.

We conducted eight post-hoc sensitivity analyses: (1) re-
stricting the study population to patients aged 75 years and
older; (2) restricting study hospitals to those with at least 100
beds and 20 COVID-19 admissions; (3) assuming that all pa-
tients who remained hospitalized at 5 weeks had died; (4) using
each patient’s last admission during the month of April rather
than the first; sequentially incorporating (5) zip code-level in-
formation on race (limited to White, non-White) and (6) AGI
(treated as a continuous variable) into our model; (7) comput-
ing two burdens for each hospital (one for each half of April)
and using whichever was higher; and (8) treating COVID-19
burden as a continuous predictor. Analyses were performed
using SAS statistical software, version 9.4 (SAS Institute Inc)
using the GLIMMIX procedure. This study was deemed ex-
empt by the University of California, San Francisco Internal
Review Board.

RESULTS

The study population included 14,226 patients with COVID-19
(median age, 66 years [range, 0-110 years]; 45.2% women) at
117 US hospitals. Based on patients’ zip code of residence, we
estimate that 47.0% of patients were White and 29.1% Black,
and that the mean household AGI was $61,956. Most hospi-
tals were nonprofit (56%) or private (39%), with approximately
one quarter coming from each US census region (range, 25
hospitals [21%] in Midwest to 33 hospitals [28%] in North-
east). Nine hospitals (8%) had more than 700 beds, 40 (34%)
had 300 to 700 beds, and 68 (58%) had fewer than 300 beds.
Thirty-six hospitals (30.8%) admitted fewer than 20 patients
with COVID-19, while six hospitals (5.1%) admitted more than
500 such patients. COVID burden ranged from 0.004 to 2.03
admissions per bed.

As of June 5, 2020, 78.1% of patients had been discharged
alive, 20.9% had died, and 1.0% remained hospitalized. At
the hospital level, the observed mortality ranged from 0% to
44.4%, was 17.1% among hospitals in COVID-19 burden quin-
tiles one through four, and was 22.7% in the highest burden
quintile (Table). The 22 hospitals reporting zero deaths admit-
ted a median of six patients with COVID-19 (maximum, 17).
After adjustment for age, sex, and comorbidities, the adjusted
odds ratio for in-hospital death in the most burdened hospitals
was 1.46 (95% Cl, 1.07-2.00) compared to hospitals in the bot-
tom four quintiles of burden. The adjusted in-hospital mortality
rate for each study hospital is shown in the Figure.

Results were similar across multiple sensitivity analyses (see
Appendix Table), although the relationship between COVID-19
burden and in-hospital mortality was attenuated and not sig-
nificant when the sample was restricted to hospitals with at
least 100 beds and 20 COVID-19 admissions, or in analyses
adjusted for race and AGI.
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FIG. In-Hospital Mortality Rates for Patients With COVID-19 at 117 US Hospitals. (A) The caterpillar plot presents the in-hospital mortality rate for patients with
COVID-19 at each of the study hospitals adjusted for age, sex, and comorbidities. The y-axis represents in-hospital mortality. Hospitals are arrayed along the x-axis,
ordered by adjusted mortality (point estimate with error bars representing 95% Cl). The solid line depicts the adjusted mortality for the entire sample. (B) The caterpil-
lar plot groups the same 117 hospitals by quintile of COVID-19 burden and orders hospitals by adjusted mortality within each group.

DISCUSSION

In this study of 14,226 patients with COVID-19 across 117 US
hospitals, those patients admitted to the most burdened hos-
pitals had a higher odds of death. This relationship, which per-
sisted after adjusting for age, sex, and comorbid conditions,
suggests that a threshold exists at which patient surges may
cause excess mortality.

Notably, in sensitivity analyses adjusting for race and AG|,
COVID-19 burden was no longer associated with in-hospital mor-
tality and the point estimate was attenuated. This raises the pos-
sibility that our primary results are confounded by these factors.
However, prior studies of hospitalized patients have not found race
to be predictive of mortality, after adjusting for other factors.""?

We also note that the relationship between COVID-19 bur-
den and mortality was not significant (P = .07) when the sample
was restricted to larger hospitals with more than 20 COVID-19
admissions; again, the point estimate was attenuated. This
suggests that larger hospitals may be more resilient in the
face of patient surges. Whether this is due to increased avail-
ability of staff who can be redeployed to patient care (as with
researchers at academic centers), increased experience man-
aging severe respiratory failure, or other factors is uncertain.

Interestingly, in-hospital mortality varied widely across
study hospitals, even among the most-burdened hospitals.
The reasons for this residual variability—after adjusting for
age, sex, and comorbidities and stratifying by COVID-19 bur-
den—are uncertain. To the extent that this variability reflects
differences in patient management, hospital staffing, or use
of investigational or advanced therapies, it will be critical to
identify and disseminate any replicable best practices from
high-burden hospitals with low mortality rates.
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Whereas other reports have often described single-center
or regional experiences,®'® leaving open the possibility that
their results were highly influenced by the local nature of the
pandemic in their respective settings, our report from a large
sample of hospitals across the United States in high- and
low-burden settings provides a more generalizable description
of mortality rates for hospitalized patients. Additional study
strengths include our adjustment for comorbidities known to
be associated with COVID-19 survival, the reporting of defini-
tive outcomes for 99% of patients, and the inclusion of multiple
sensitivity analyses to assess the stability of findings.

Our principal limitation is the inability to adjust for severity of
acute illness due to inconsistent reporting of laboratory and vital
signs data from study hospitals and missing information on inter-
hospital transfers. While our adjusted analyses clearly suggest an
association between COVID-19 burden and patient outcomes,
our results may still be confounded by differences in illness se-
verity at study hospitals. Thus, our findings should be considered
hypothesis-generating and will require confirmation in future
studies that include adjustment for acute illness severity.

Other limitations of our study include overrepresentation
of large urban hospitals in the Northeast, although this rep-
resents the geography of the US pandemic during the study
period. Our adjustment for race/ethnicity and socioeconomic
status was limited in that we only had zip code-of-residence
level information, did not know the zip code of residence for
one quarter of study patients, and had to bifurcate the popu-
lation into White/non-White categories. Finally, our definition
of burden does not account for hospital resources, including
staffing, ICU capacity, and the availability of advanced or inves-
tigational therapies.
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CONCLUSION

In this study of 14,226 patients with COVID-19 admitted to 1 of
117 US hospitals, we found that the odds of in-hospital mor-
tality were higher in hospitals that had the highest burden of
COVID-19 admissions. This relationship, which persisted after
adjustment for age, sex, and comorbid conditions, suggests
that patient surges may be an independent risk factor for
in-hospital death among patients with COVID-19.
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