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Abstract

Objective: To report the Mayo Clinic experience with coronavirus disease 2019 (COVID-19) related to
patient outcomes.
Methods: We conducted a retrospective chart review of patients with COVID-19 diagnosed between
March 1, 2020, and July 31, 2020, at any of the Mayo Clinic sites. We abstracted pertinent comorbid
conditions such as age, sex, body mass index, Charlson Comorbidity Index variables, and treatments
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received. Factors associated with hospitalization and mortality were assessed in univariate
and multivariate models.
Results: A total of 7891 patients with confirmed COVID-19 infection with research autho-
rization on file received care across the Mayo Clinic sites during the study period. Of these,
7217 patients were adults 18 years or older who were analyzed further. A total of 897 (11.4%)
patients required hospitalization, and 354 (4.9%) received care in the intensive care unit
(ICU). All hospitalized patients were reviewed by a COVID-19 Treatment Review Panel, and
77.5% (695 of 897) of inpatients received a COVID-19edirected therapy. Overall mortality
was 1.2% (94 of 7891), with 7.1% (64 of 897) mortality in hospitalized patients and 11.3%
(40 of 354) in patients requiring ICU care.
Conclusion: Mayo Clinic outcomes of patients with COVID-19 infection in the ICU, hospital,
and community compare favorably with those reported nationally. This likely reflects the
impact of interprofessional multidisciplinary team evaluation, effective leveraging of clinical
trials and available treatments, deployment of remote monitoring tools, and maintenance of
adequate operating capacity to not require surge adjustments. These best practices can help
guide other health care systems with the continuing response to the COVID-19 pandemic.
ª 2020 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) n Mayo Clin Proc.
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B y the time the World Health Organi-
zation declared coronavirus disease
2019 (COVID-19) to be a pandemic,

the illness was already an unprecedented
challenge for health care systems. Initial re-
ports from Wuhan, China, suggested that
the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) was highly trans-
missible and posed significant challenges
related to prevention, containment, and
treatment. Subsequent experience in Italy,
Spain, Seattle, and New York City confirmed
these challenges, and hospital systems
throughout the world had to brace for the
impact of COVID-19.

The Mayo Clinic is composed of sites in
Phoenix/Scottsdale, Arizona, Jacksonville,
Florida, Rochester, Minnesota, and additional
hospitals in Minnesota and Wisconsin. The
Mayo Clinic enterprise has 2680 licensed hos-
pital beds and 392 regular intensive care unit
(ICU) beds spanning 20 campuses in 4 states.
The clinic served 1.2 million patients last
year. Early during the pandemic and antici-
pating significant changes to the practice,
Mayo Clinic leadership activated the Hospital
Incident Command System and assembled
several teams and task forces charged with
developing processes and protocols to
address the multifaceted pandemic response,
including anticipated case surges.1
Mayo Clin Proc. n March 202
A multilayered integrated approach was
taken to manage the COVID-19 pandemic
at Mayo Clinic. Interprofessional work
groups were developed across multiple
impacted specialties to appraise the emerging
literature on topics such as testing strategies2

and thromboprophylaxis.3 As necessary, pro-
viders with specific expertise in organ-specific
complications such as nephrology, hematolo-
gy, and neurology, among others, were
invited to be part of the team and provide
input as treatment algorithms were developed
and matured. These best practices were
compiled and shared with the Mayo Clinic
staff in real time through the AskMayoExpert
platform, a clinical knowledge resource that
serves the Mayo Clinic practice. The Mayo
Clinic COVID-19 Data Governance Task
Force set up monitoring tools to inform the
practice on resource use and forecast demand
related to COVID-19. This allowed safe man-
agement of anticipated COVID-19 cases and
ongoing medical practice needs.

A COVID-19 Research Task Force was
created to select and execute treatment trials;
coordinate biospecimen collection; create da-
tabases and advance augmented intelligence-
facilitated analytics; prioritize preclinical
biodiscovery science in immunology, virology,
and vaccine development; and respond
to the needs of minority populations
1;96(3):601-618 n https://doi.org/10.1016/j.mayocp.2020.12.006
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disproportionately affected by COVID-19.4

Recognizing that treatments and treatment
guidelines for COVID-19 infection would
change over time, different processes were
used to create a consistent system inwhich pa-
tients were screened for possible trial partici-
pation in the outpatient and inpatient settings.

Mayo Clinic saw its first COVID-19 case in
March 2020, and all regions were actively
engaged in caring for patients with COVID-
19 infection by the end of that month. Patients
with COVID-19 infection admitted to our hos-
pitals were reviewed by treatment review
panels at each site. This multidisciplinary
group provided recommendations as to which
clinical trials and emerging therapies would be
most beneficial for patients with COVID-19
infection. The panels convened twice per
day, and more frequently as needed. Every pa-
tient was assessed on hospital admission and
consensus-driven recommendations were
based on available treatment options through
clinical trials, Emergency Use Authorization
Expanded Access Programs (EAPs), or off-
label use. Trials and programs had varying
start times across Mayo Clinic, and the panels
reviewed patients based on local availability
and protocols for agents such as remdesivir
and convalescent plasma. The panel directed
antiviral and immunomodulatory treatments,
as well as management of complications. Rec-
ommendations were provided to primary
treatment teams and the patient and/or pa-
tient’s legally authorized representative in a
shared decision-making process.4 The Treat-
ment Review Panel also did weekly webcasts
available to all providers to give up-to-date ed-
ucation as data emerged.

Mayo Clinic also developed a COVID-19
Frontline Care Team or COVID virtual clinic
for outpatient care in conjunction with a nurse
telephone line by which patients were tele-
phonically triaged based on disease severity
for testing at drive-through facilities or the
emergency department.5 All SARS CoV-
2epositive test results from outpatients at our
institution were routed to this centralized
team of physicians and nurses with the goal of
contacting them in less than 10 hours. Patients
deemed high risk are offered remote moni-
toringwith Bluetooth-enabled pulse oximeters,
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
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blood pressure cuffs, and thermometers.All pa-
tients received initial nursing calls discussing
the importance of isolation and follow-up calls
(days 2, 7, and 14) to monitor for possible pro-
gression. Physicians assessed the need for care
escalationwhen signs or symptomsworsened.6

Patients who declined remote monitoring or
were lower risk received telephone follow-up
with a dedicated nursing team.

In this article, we review the Mayo Clinic
experience with COVID-19 from March
2020 through July 2020 to understand the
outcomes of this integrated approach and
identify best practices and lessons learned
from our experience.
METHODS

Study Design and Patients
We conducted a retrospective cohort study
of all patients with COVID-19 infection
from March 1, 2020, through July 31,
2020, at any of the Mayo Clinic sites. All
Mayo Clinic sites use a single electronic
health record (EHR) from Epic Systems Cor-
poration. The Mayo Clinic Institutional Re-
view Board approved this retrospective
study that did not involve patient contact
as a minimal risk protocol with waived
informed consent. Patients who declined
research authorization were excluded.

Case identification was performed using a
registry set up in the “Healthy Planet” tool in
the EHR. This registry flagged patients as hav-
ing an “active” infection if a clinical diagnosis
of COVID-19 was added to the problem list
or a SARS-CoV-2 polymerase chain reaction
test was positive in the EHR. Those without
laboratory confirmation were reviewed to
ensure that this was appropriate (eg, an
outside laboratory result not visible in our
chart). External results could satisfy registry
metrics if they could be identified within the
interoperable framework for data sharing
across the EHR, Care Everywhere (Epic Sys-
tems Corporation). All outcomes and predic-
tor variables were obtained from the EHR.
Outcomes
We defined the start of an episode of COVID-
19 infection as the first time that either a
016/j.mayocp.2020.12.006 603
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positive test result was collected or the first
time a clinical diagnosis was placed in the
chart. The episode was censored either 30
days after the positive test or, if admitted to
the hospital, 30 days after the last hospital
admission encounter in which COVID-19
was addressed.

Complications for hospitalized patients
were ascertained using International Classifi-
cation of Diseases, Tenth Revision (ICD-10)
codes to define acute respiratory distress syn-
drome (ARDS), septic shock, acute kidney
injury, congestive heart failure, or thrombo-
embolic disease, including acute cardiac and
cerebrovascular thromboembolic events, dur-
ing an episode of COVID-19 infection
(Supplement 1, available online at http://
www.mayoclinicproceedings.org). Complica-
tions of infection overall were defined as
new diagnosis with ICD-10 codes being
recorded between COVID-19 episode start
(ie, date of first clinical diagnoses or collec-
tion of positive sample) and either 30 days af-
ter diagnosis or 30 days after last COVID-
19erelated hospital dismissal if a patient
required admission or readmission.

Superinfection, defined as infection by
another organism occurring simultaneously
with or after COVID-19 infection, was evalu-
ated using positive cultures from blood and
respiratory tract samples. Blood cultures
with single positive results of common
commensal organisms (likely contaminants)
were discarded according to the National
Healthcare Safety Network criteria used in
laboratory-confirmed bloodstream infec-
tions.7 Likewise, respiratory cultures identi-
fying “usual flora” and “yeast” were not
categorized as positive for purposes of this
analysis.

Mortality outcomes were assessed based
on all-cause mortality during the COVID-19
infection episode and last follow-up performed
on outpatients. In addition, patients were eval-
uated for outcomes based on their worst score
in the National Institutes of Health (NIH)
Ordinal Scale used in the Adaptive COVID-
19 Treatment Trial for descriptive analysis.8

The NIH Ordinal Scale classifies outcomes as:
(1) death; (2) hospitalized, receiving invasive
mechanical ventilation or extracorporeal
Mayo Clin Proc. n March 202
membrane oxygenation (ECMO); (3) hospi-
talized, receiving noninvasive ventilation or
high-flow oxygen devices; (4) hospitalized,
requiring supplemental oxygen; (5) hospital-
ized, not requiring supplemental oxygen,
requiring ongoing medical care (COVID-19
related or otherwise); (6) hospitalized, not
requiring supplemental oxygen, no longer re-
quires ongoing medical care; (7) not hospital-
ized, limitation on activities and/or requiring
homeoxygen; and (8) not hospitalized, no lim-
itations on activities.

Because we took the worst score the pa-
tient had during an episode of COVID-19
infection, no patients were scored at level 6
because all hospitalized patients required
ongoing medical care at some point.

Predictor Variables
Demographic variables (age, sex, race, and
Hispanic ethnicity), height, weight, and
smoking history were obtained from the
EHR. Charlson Comorbidity Index (CCI)9

data were digitally abstracted using a combi-
nation of the EHR data and data from the
Mayo Clinic Unified Data Platform to obtain
International Classification of Diseases, Ninth
Revision10 and ICD-10 codes identified before
the initiation of each patient’s COVID-19
episode.11

Laboratory values were analyzed for the
“worst” value occurring during the day of
admission for inpatients. This definition
regarded worst values as the highest alanine
aminotransferase, aspartate aminotrans-
ferase, bilirubin, creatinine, C-reactive pro-
tein, ferritin, and neutrophil-lymphocyte
ratio values and the lowest platelet count.
For modeling, laboratory variables were clas-
sified as normal range vs abnormal based on
sex-specific cut points based on our labora-
tory reference ranges.

Patients admitted to the ICU had their
data set enriched by variables obtained from
an ICU-specific data mart.12 The ICU data
mart contains detailed treatment and ICU-
specific intervention data, Sequential Organ
Failure Assessment score,13 Acute Physiology
and Chronic Health Evaluation (APACHE)
IV score, and APACHE IVepredicted mortal-
ity and length-of-stay (LOS) information.14
1;96(3):601-618 n https://doi.org/10.1016/j.mayocp.2020.12.006
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8512 Patients diagnosed with COVID-19
from 3/1/20-7/31/20 and followed up

through 8/31/20

621 Patients excluded due to no
Minnesota research authorization

674 Patients <18 years

13 Admitted to the hospital (3 ICU)
0 Deathsa

6320 Patients not admitted to the
hospital

30 Deathsa

543 Patients not admitted to the ICU at
some point during hospitalization

508 Discharged
23 Still in hospital

24 Deathsa

277 Discharged
37 Still in ICU/hospital

40 Deathsa

354 Patients admitted to the ICU at
some point during hospitalization

897 Patients admitted to the hospital

7217 Patients 18 years and older

7891 Patients in full cohort

FIGURE 1. Study selection flowchart. aDeath during hospitalization or within 30 days of discharge
(hospitalized patients) or within 30 days of coronavirus disease 2019 (COVID-10) diagnosis (outpatients).
ICU, intensive care unit.

MAYO CLINIC COVID-19 OUTCOMES
Statistical Analyses
We used descriptive statistics (median and
interquartile range for continuous variables
and count and percent distributions for cat-
egorical variables) to characterize each
cohort of patients: pediatric (aged <18
years) and adults (aged �18 years). For
adult patients, we categorized outpatients
vs hospitalized patients; among hospitalized
patients, we assessed for ICU admission as
part of their COVID-19 management
(Figure 1). Missing data were not imputed
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
and for categorical variables, a missing cate-
gory was created.

To identify factors associated with hospi-
tal admission, we used unconditional logistic
regression to estimate odds ratios (ORs) and
95% CIs; all variables that were significant
(P<.05) in univariate analysis were included
in a multivariable model that also adjusted
for Mayo region and prior registration in
the Mayo system to account for incomplete
comorbidity data for patients newly regis-
tered for the pandemic who may have had
016/j.mayocp.2020.12.006 605
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Not shown above: 5 cases from Alaska (0.06%) and 18 cases either missing a location or from outside the U.S. (0.23%)

Percent of
mayo cases

>10%
7.5%

2.5%
>0%

5%

FIGURE 2. Geographic distribution of coronavirus disease 2019 (COVID-
19) cases (N¼7891), Mayo Clinic, March through July 2020.
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less rich comorbidity data in our system. For
risk for hospitalization, these variables
included demographic factors, body mass in-
dex (BMI; calculated as the weight in kilo-
grams divided by the height in meters
squared),15 smoking history,16 and CCI
score.17

We also used logistic regression to iden-
tify factors among hospitalized patients that
were associated with ICU admission. For
risk for ICU admission among hospitalized
patients, we evaluated laboratory values at
first admission to the hospital (or ICU if
directly admitted there). Factors associated
with ICU admission that were statistically
significant in univariate analysis were
modeled in a multivariable model that also
adjusted for Mayo Clinic center and prior
registration in the Mayo Clinic system.

Finally, for adult hospitalized patients,
we also conducted a survival analysis. We
measured time to event in days from hospital
admission to date of death due to any cause
or date of last follow-up. We used Cox
regression to estimate hazard ratios and
95% CIs in univariate analysis. Statistically
significant variables were then included in
a multivariable analysis, with the exception
that we used a summary CCI score (0-1 vs
2þ) instead of individual CCI comorbid
Mayo Clin Proc. n March 202
conditions to reduce the number of covari-
ates in the multivariable model, given the
limited number of deaths in the analysis
(N¼64). Statistical analyses were performed
using R, version 4.0.2 (R Core Team).

RESULTS
From March 1, 2020, through July 31, 2020,
Mayo Clinic cared for a total of 8512 patients
with COVID-19 infection. Of these, 621
were excluded from the analysis because
research authorization was not available. Of
the remaining 7891 patients with COVID-
19 infection, 674 were younger than 18 years
and 7217 were 18 years or older (Figure 1).

Most cases occurred between June 1,
2020, and July 31 2020, accounting for
87.5% (6905 of 7891) of total cases seen dur-
ing the study period. Mayo Clinic in the
Midwest saw 59% (4656 of 7891) of patients
with COVID-19 infection, with Mayo Clinic
in Arizona seeing 23% (1815 of 7891) and
Mayo Clinic in Florida seeing 18% (1420
of 7891) during this period. Patients resided
in Minnesota (N¼3633), Arizona
(N¼1761), Florida (N¼1404), Wisconsin
(N¼769), Iowa (N¼94), and 32 other states
(all N<34). States with cases seen are noted
in Figure 2. Among the 6971 adults with lan-
guage data available, language other than
English as a primary language was present
in 14.5% (1010 of 6971) of patients overall
and 16.3% (146 of 896) of hospital
admissions.

Pediatric Population
During the study period, 674 patients
younger than 18 years were seen for
COVID-19 infection, with characteristics
summarized in Table 1. The median age of
pediatric patients cared for during the study
period was 13 (range, <1-17) years. In terms
of race and ethnicity, 36.9% (n¼249) identi-
fied as non-Hispanic white; 23.4% (n¼158),
as Hispanic (all races); and 9.9% (n¼67), as
black non-Hispanic. Most of the study popu-
lation was male (54.2%; n¼365). Most
(97.8%; n¼659) did not have comorbid con-
ditions on record from the CCI. A total of 70
(10.4%) had BMI of 25 kg/m2 or greater.
During the study period, 13 children were
1;96(3):601-618 n https://doi.org/10.1016/j.mayocp.2020.12.006
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TABLE 1. Characteristics of Patients Younger Than 18 Years With COVID-19,
Mayo Clinic, March Through July 2020a

Characteristic
Total

(N¼674)

Age (y), median (range) 13 (0-17)

Age category, no. (%)

<1 y 25 (3.7%)
1-4 y 69 (10.2%)
5-9 y 116 (17.2%)
10-14 y 182 (27.0%)
15-17 y 282 (41.8%)

Sex, no. (%)

Female 307 (45.5%)
Male 365 (54.2%)

Race/ethnicity, no. (%)

Hispanic (all races) 158 (23.4%)
White, non-Hispanic 249 (36.9%)
Black, non-Hispanic 67 (9.9%)
Asian, non-Hispanic 25 (3.7%)
All other, non-Hispanic 8 (1.2%)
Missing 167 (24.8%)

Month of diagnosis, no. (%)

March 4 (0.6%)
April 10 (1.5%)
May 40 (5.9%)
June 249 (36.9%)
July 371 (55.0%)

Body mass index (kg/m2), no. (%)

<15 135 (20.0%)
15.0-18.5 136 (20.2%)
18.5-24.9 123 (18.2%)
�25 70 (10.4%)
Missing 210 (31.2%)

Admitted to hospital, no. (%) 13 (1.9%)

Admitted to ICU (as part of hospitalization), no. (%) 3 (0.4%)

Death (30 d for outpatient, or during hospitalization or 30 d after
discharge for hospitalized patients), no. (%)

0 (0%)

aCOVID-19, coronavirus disease 2019; ICU, intensive care unit.

MAYO CLINIC COVID-19 OUTCOMES
admitted to the hospital (3 to the pediatric
ICU). None required mechanical ventilation,
vasopressors, or ECMO support. There were
no pediatric deaths. Given the low rates of
complications in the pediatric population,
we excluded them from subsequent analyses.

Risk for Hospitalization
A total of 7217 adult patients were included
in our analyses. Among adults, 6320 (87.6%)
patients did not require hospitalization. Of
these outpatients, 30 (0.5%) died, including
patients who died in hospice and skilled
nursing facilities. Sixty-four (7.1%) hospital-
ized patients died during the follow-up
period defined previously.

Adult demographic characteristics, co-
morbid conditions, and odds of hospitaliza-
tion are summarized in Table 2. Among
adults, the median age of patients cared for
was 59 (range, 18-99) years. Hospitalized pa-
tients were older, and the odds of hospital
admission increased steeply with age. For
example, patients 75 years and older had
24-fold higher odds of hospitalization
compared with patients aged 18 to 34 years
(unadjusted OR, 23.92; 95% CI, 18.2 to
31.60). There were slightly more male
(50.8%; n¼3667) than female (49.0%;
n¼3533) adult patients, and male sex was
associated with greater odds of hospitaliza-
tion (unadjusted OR, 1.19, 95% CI, 1.03 to
1.37). Most patients diagnosed during the
study period identified as non-Hispanic
white (56.8%; n¼4097). Other groups
included Hispanic all races (15.8%;
n¼1141) or black non-Hispanic (9.3%;
n¼668), Asian (4.2%;n¼302), and all
other/missing (14.0%; n¼1009). Compared
with non-Hispanic whites, both Hispanics
(unadjusted OR, 1.31; 95% CI, 1.08 to
1.58) and Asians (unadjusted OR, 1.49;
95% CI, 1.07 to 2.03) had greater odds of
hospitalization.

Of individual comorbid conditions, the
most common were chronic obstructive pul-
monary disease (11.8% [848 of 7217]), dia-
betes (9.4% [676 of 7217]; 98.7% [667 of
676] were type 2), renal disease (6.5% [469
of 7217]), and peripheral vascular disease
(6.2% [446 of 7217]); the other comorbid
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
conditions had a prevalence of 6.0% or lower.
Each individual comorbid condition was
significantly associated with odds of hospital-
ization, with the strong association observed
for patients with peripheral vascular disease
(unadjusted OR, 9.64; 95% CI, 7.88 to
11.81).

Of patients for whom BMI data were
available, 27.1% were obese (BMI �30.0
kg/m2). Overweight individuals (25.1 <

BMI <29.9 kg/m2) had increased odds of
hospitalization of 1.60 (95% CI, 1.29 to
016/j.mayocp.2020.12.006 607

https://doi.org/10.1016/j.mayocp.2020.12.006
http://www.mayoclinicproceedings.org


TABLE 2. Risk for Hospital Admission for Patients 18 Years and Older With COVID-19, Mayo Clinic, March Through July 2020

Characteristic Total (N¼7217)
Hospitalized
(N¼897)

Unadjusted Model Multivariable Model

Odds Ratio 95% CI Odds Ratio 95% CI P

Age (y), median (range) 39 (18-99) 59 (18-99) d d

Age distribution (y), no. (%)

18-34 3054 (42.3%) 107 1 Reference 1 Reference
35-49 1690 (23.4%) 164 2.96 2.31-3.81 1.87 1.40-2.50 <.001
50-64 1551 (21.5%) 284 6.17 4.91-7.81 3.05 2.30-4.04 <.001
65-74 524 (7.3%) 157 11.78 9.02-15.44 5.26 3.74-7.39 <.001
�75 398 (5.5%) 185 23.92 18.2-31.60 8.31 5.69-12.1 <.001

Sex, no. (%)

Female 3533 (49.0%) 406 1 Reference 1 Reference
Male 3667 (50.8%) 491 1.19 1.03-1.37 1.15 0.96-1.38 .14
Missing 17 (0.2%) 0

Month of COVID-19 diagnosis, no. (%)

March 126 (1.7%) 49 1 Reference 1 Reference
April 189 (2.6%) 79 1.13 0.71-1.79 0.99 0.54-1.81 .98
May 614 (8.5%) 118 0.37 0.25-0.57 0.32 0.19-0.56 <.001
June 3059 (42.4%) 301 0.17 0.12- 0.25 0.16 0.10-0.26 <.001
July 3229 (44.7%) 350 0.19 0.13- 0.28 0.15 0.09-0.24 <.001

Race/ethnicity, no. (%)

Hispanic (all races) 1141 (15.8%) 169 1.31 1.08-1.58 2.14 1.66-2.75 <.001
White, non-Hispanic 4097 (56.8%) 481 1 Reference 1 Reference
Black, non-Hispanic 668 (9.3%) 90 1.17 0.91-1.48 1.89 1.39-2.57 <.001
Asian, non-Hispanic 302 (4.2%) 50 1.49 1.07-2.03 2.56 1.70-3.86 <.001
All other/missing 1009 (14.0%) 107 0.89 0.71-1.11 2.85 2.07-3.93 <.001
CCI score, median (range) 0 (0-19) 3 (0-19) d d d d d

CCI score, no. (%)

0 4291 (59.5%) 164 1 Reference d d d

1 902 (12.5%) 117 3.75 2.92-4.81 d d d

�2 2024 (28.0%) 616 11.01 9.20-13.25 d d d

CCI diabetes mellitus, no. (%)

No 6541 (90.6%) 597 1 Reference 1 Reference
Yes 676 (9.4%) 300 7.94 6.68-9.45 2.50 1.99-3.13 <.001

CCI cardiovascular disease, no. (%)

No 6916 (95.8%) 760 1 Reference 1 Reference
Yes 301 (4.2%) 137 6.77 5.32-8.59 1.56 1.13-2.14 .007

CCI congestive heart failure, no. (%)

No 6874 (95.2%) 739 1 Reference 1 Reference
Yes 343 (4.8%) 158 7.09 5.65-8.88 1.14 0.83-1.57 .42

CCI peripheral vascular disease, no. (%)

No 6771 (93.8%) 668 1 Reference 1 Reference
Yes 446 (6.2%) 229 9.64 7.88-11.81 2.29 1.73-3.02 <.001

CCI chronic obstructive
pulmonary disease, no. (%)

No 6369 (88.2%) 668 1 Reference 1 Reference
Yes 848 (11.8%) 229 3.16 2.66-3.74 1.46 1.16-1.84 .001

CCI malignancy, no. (%)

No 6781 (94.0%) 763 1 Reference 1 Reference
Yes 436 (6.0%) 134 3.50 2.81-4.34 1.30 0.98-1.71 .07

Continued on next page
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TABLE 2. Continued

Characteristic Total (N¼7217)
Hospitalized
(N¼897)

Unadjusted Model Multivariable Model

Odds Ratio 95% CI Odds Ratio 95% CI P

CCI liver, no. (%)

No 6798 (94.2%) 747 1 Reference 1 Reference
Yes 419 (5.8%) 150 4.52 3.64-5.59 1.68 1.28-2.20 <.001

CCI renal, no. (%)

No 6748 (93.5%) 679 1 Reference 1 Reference
Yes 469 (6.5%) 218 7.76 6.37-9.46 1.55 1.17-2.05 .002

Body mass index (kg/m2), no. (%)

<18.5 156 (2.2%) 10 0.55 0.27-1.02 0.83 0.37-1.87 .65
18.5-24.9 1444 (20.0%) 159 1 Reference 1 Reference
25.0-29.9 1441 (20.0%) 238 1.60 1.29-1.99 1.21 0.92-1.58 .17
30.0-39.9 1452 (20.1%) 324 2.32 1.89-2.86 1.45 1.11-1.89 .006
�40 505 (7.0%) 132 2.86 2.21-3.70 1.91 1.38-2.64 <.001
Missing 2219 (30.7%) 34 0.13 0.09-0.18 0.14 0.09-0.22 <.001

Smoking, no. (%)

Never 3716 (51.5%) 545 1 Reference 1 Reference
Former 944 (13.1%) 240 1.98 1.67-2.35 1.01 0.81-1.26 .94
Current 645 (8.9%) 84 0.87 0.68-1.11 1.14 0.84-1.55 .38
Missing 1912 (26.5%) 28 0.09 0.06-0.12 0.09 0.05-0.15 <.001

CCI, Charlson Comorbidity Index; COVID-19, coronavirus disease 2019.

MAYO CLINIC COVID-19 OUTCOMES
1.99) compared with normal BMI (18.5 <

BMI <25.0 kg/m2). This increased in a step-
wise manner for obese (OR, 2.32; 95% CI,
1.89 to 2.86) and morbidly obese individuals
(BMI > 35 kg/m2; OR, 2.86; 95% CI, 2.21 to
3.70). Most patients were never (70.0%;
n¼3716 of 5305) or former (17.8%; n¼944
of 5305) smokers, and smoking was not
associated with odds of hospitalization,
though this variable was frequently missing
in outpatients.

In a multivariate model, increasing age,
obesity, race/ethnicity, and most of the indi-
vidual components of the CCI were signifi-
cantly associated with increased odds of
hospitalization. The month of diagnosis
was also a significant covariate because
odds of admission were lower in May,
June, and July relative to March and April.
The highest impact factors (largest ORs)
were age older than 75 years (adjusted OR,
8.31; 95% CI, 5.69 to 12.1), age 65 to 74
years (adjusted OR, 5.26; 95% CI, 3.74 to
7.39), diabetes mellitus (OR, 2.50; 95% CI,
1.99 to 3.13), Hispanic ethnicity (OR, 2.14;
95% CI, 1.66 to 2.75), and Asian race (OR,
2.56; 95% CI, 1.70 to 3.86).
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
Risk for ICU Admission
Of the 897 requiring hospital admission, 354
(39.5%) required ICU admission. Risk for
ICU admission was associated with age,
with peak risk in ages 55 to 74 years (OR,
2.27; 95% CI, 1.33 to 3.57). Although males
made up most ICU admissions (55.6%;
n¼197), this was not a statistically signifi-
cant risk factor. Black race was associated
with higher ICU admission (unadjusted
OR, 1.93; 95% CI, 1.23 to 3.04), and Asian
race was associated with the highest risk
for ICU admission in the multivariate model
(OR, 2.84; 95% CI, 1.33 to 6.08). A language
other than English as a primary language
was present in 14.5% (1010 of 6971) of pa-
tients overall and 16.3% (146 of 896) of hos-
pital admissions. 62 of 301 adult patients
admitted to the ICU with language data on
file (20.6%) reported a language other than
English as their primary language, indicating
more than one third of those.

Elevated aspartate aminotransferase but
not alanine aminotransferase level and an
elevated creatinine level and neutrophil-
lymphocyte ratio were associated with
higher risk for ICU admission. Other
016/j.mayocp.2020.12.006 609
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TABLE 3. Characteristics of Patients 18 Years and Older Hospitalized With COVID-19, Overall and by ICU Status, Mayo Clinic, March Through
July 2020

Characteristic Total (N¼897) ICU (N¼354)

Unadjusted Model Multivariable Model

OR 95% CI OR 95% CI P

Demographic variables

Age (y), median (range) 59 (18-99) 59.5 (20-99)

Age distribution (y), no. (%)

18-34 107 (11.9%) 28 1 Reference 1 Reference
35-49 164 (18.3%) 69 2.05 1.21-3.52 2.32 1.04-5.20 .04
50-64 284 (31.7%) 123 2.16 1.33-3.57 2.33 0.95-5.73 .07
65-74 157 (17.5%) 70 2.27 1.34-3.91 2.06 0.76-5.58 .16
�75 185 (20.6%) 64 1.49 0.89-2.55 1.49 0.55-4.06 .43

Sex, no. (%)

Female 406 (45.3%) 157 1 Reference 1 Reference
Male 491 (54.7%) 197 1.06 0.81-1.39 0.84 0.55-1.30 .43

Race/ethnicity, no. (%)

Hispanic (all races) 169 (18.8%) 65 1.05 0.73-1.51 1.64 0.97-2.77 .07
White, non-Hispanic 481 (53.6%) 179 1 Reference 1 Reference
Black, non-Hispanic 90 (10.0%) 48 1.93 1.23-3.04 1.34 0.65-2.76 .43
Asian, non-Hispanic 50 (5.6%) 23 1.44 0.79-2.58 2.84 1.33-6.08 .007
All other, non-Hispanic 107 (11.9%) 39 0.97 0.62-1.49 1.16 0.58-2.29 .68

Month of COVID-19 diagnosis, no. (%)

March 49 (5.5%) 23 1 Reference 1 Reference
April 79 (8.8%) 35 0.90 0.44-1.84 0.97 0.38-2.50 .95
May 118 (13.2%) 51 0.86 0.44-1.69 1.63 0.67-3.95 .28
June 301 (33.6%) 91 0.49 0.27-0.91 0.53 0.23-1.22 .14
July 350 (39.0%) 154 0.89 0.49-1.63 0.63 0.27-1.44 .27

Comorbidity and lifestyle

CCI score, median (range) 3 (0-19) 3 d

CCI score, no. (%)

0 164 (18.3%) 58 1 Reference 1 Reference
1 117 (13.0%) 50 1.36 0.84-2.22 1.02 0.44-2.40 .96
�2 616 (68.7%) 246 1.22 0.85-1.75 0.97 0.44-2.18 .95

Body mass index (kg/m2), no. (%)

<18.5 10 (1.1%) 4 1.23 0.30-4.47
18.5-24.9 159 (17.7%) 56 1 Reference
25.0-29.9 238 (26.5%) 94 1.20 0.79-1.83
30.0-39.9 324 (36.1%) 130 1.23 0.83-1.83
�40 132 (14.7%) 58 1.44 0.90-2.32
Missing 34 (3.8%) 12 1.00 0.45-2.15

Smoking, no. (%)

Never 545 (60.8%) 207 1 Reference
Former 240 (26.8%) 99 1.15 0.84-1.56
Current 84 (9.4%) 35 1.17 0.73-1.86
Missing 28 (3.1%) 13 1.42 0.65-3.04

Laboratory results (admission), no. (%)

Platelets
Low 238 (26.5%) 89 0.89 0.65-1.21
Normal range 608 (67.8%) 244 1 Reference
High 39 (4.3%) 18 1.28 0.66-2.45
Missing 12 (1.3%) 3
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TABLE 3. Continued

Characteristic Total (N¼897) ICU (N¼354)

Unadjusted Model Multivariable Model

OR 95% CI OR 95% CI P

Aspartate aminotransferase, no. (%)
Normal range 447 (53.9%) 161 1 Reference 1 Reference
Elevated 382 (46.1%) 179 1.57 1.19-2.07 2.12 1.42-3.15 <.001
Missing 68 14

Alanine aminotransferase, no. (%)
Normal range 606 (73.2%) 244 1 Reference
Elevated 222 (26.8%) 96 1.13 0.83-1.54
Missing 69 14

Bilirubin, no. (%)
Normal range 799 (96.3%) 325 1 Reference
Elevated 31 (3.7%) 16 1.56 0.76-3.22
Missing 67 13

Creatinine, no. (%)
Normal range 563 (64.1%) 211 1 Reference 1 Reference
Elevated 315 (35.9%) 143 1.39 1.05-1.84 1.66 1.04-2.64 .03
Missing 19 0

Neutrophil-lymphocyte ratio, no. (%)
<6 427 (57.0%) 126 1 Reference 1 Reference
�6 322 (43.0%) 147 2.01 1.48-2.72 3.06 2.05-4.56 <.001
Missing 148 81

CCI, Charlson Comorbidity Index; COVID-19, coronavirus disease 2019; ICU, intensive care unit; OR, odds ratio.

MAYO CLINIC COVID-19 OUTCOMES
characteristics of the complete blood cell
count, such as absolute counts of lympho-
cytes, neutrophils, and eosinophils, were
not associated with outcomes. These find-
ings are summarized in Table 3 and
Supplemental Tables 1 and 2 (available on-
line at http://www.mayoclinicproceedings.
org).
Outcomes in Critical Illness
A total of 354 patients were admitted to the
ICU for care of COVID-19 infection across
the enterprise. Median ICU LOS was 6.19
(range, 0.24-76.4) days. A total of 30.5% of
ICU patients were receiving high-flow nasal
cannula for a portion of their hospital stay,
23.2% required noninvasive mechanical
ventilation, 29.9% required invasive me-
chanical ventilation, and 4.5% required
ECMO. Median APACHE IV score was 57
(range, 9-180) and median admission
Sequential Organ Failure Assessment score
was 2 (range, 0-18). Overall mortality was
11.9%, and mean ICU LOS was 9.1 days.
The predicted mortality by the APACHE IV
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
model was 13.2% and LOS averaging 5.2
days, indicating a standardized mortality ra-
tio of 0.90.
Therapeutics
Therapeutics were almost exclusively adminis-
tered to hospitalized patients. A total of 695 of
897 (77.5%) patients received a COVID-
19edirected treatment, with a higher propor-
tion of ICU patients (89.3%; 316 of 354)
receiving such treatments. A total of 370
(41.2%) patients received an antiviral, 433
(48.3%) received systemic steroids, 153
(17.1%) received an immunomodulatory
monoclonal antibody, and 192 (21.4%)
received convalescent plasma. Overall, 507 pa-
tients (56.5%) were enrolled in a clinical trial.

Several patients received combinations of
therapies; 32 (3.6%) received all of these
therapies; 119 (13.6%), a combination of 3;
and 242 (26.9%), 2 therapies. The most
common combinations paired steroids with
one of the other treatments, most commonly
antivirals, and all permutations of treatment
classes were administered.
016/j.mayocp.2020.12.006 611
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Complications
In 152 (16.9%) patients, ARDS was present,
as defined by noting this in the patient’s
problem list during their hospital stay. Acute
kidney injury occurred in 185 (20.6%)
inpatients during their COVID-19 episode.
Diagnosed thrombotic and embolic compli-
cations were also common, occurring in
127 (14.2%) patients. Respiratory
cultureeconfirmed bacterial superinfections
were recorded in 141 (15.7%) patients.
Bloodstream infections were present in 29
(3.2%) patients. All complications were
more common in patients admitted to the
ICU (Table 4).

NIH Ordinal Scale
For the entire cohort, outcomes by month
using the NIH Ordinal Scale indicated a
decrease in the worst severe outcomes
(levels 1-5, hospitalizations required)
through July (Figure 3). In this overall
cohort, 94 patients died.

Survival Analyses
We conducted a survival analysis among
hospitalized patients, calculating 30-day
mortality rates (based on Kaplan-Meier esti-
mates) for select patient characteristics, sum-
marized in Table 5 overall and in
Supplemental Table 1 for individual CCI el-
ements. In the multivariable model, older
age, earlier month of diagnosis, high CCI
score (�2), ever smoking, elevated creati-
nine level, and higher neutrophil-
lymphocyte ratio were all associated with
lower rates of survival.

DISCUSSION
A total of 7891 patients with confirmed
COVID-19 infection received care at Mayo
Clinic between March 1, 2020, and July 31,
2020. Among these patients, 897 (11.4%)
required hospitalization and 354 (4.9%)
required ICU care. We observed an overall
mortality of 1.2% (94 of 7891), with 7.1%
(64 of 897) mortality in hospitalized patients
and 11.3% (40 of 354) in patients requiring
ICU care.

Our observed mortality rates are lower
than the national average and lower than
Mayo Clin Proc. n March 202
what has been reported from various obser-
vational cohorts across the country, large
clinical trials, and EAPs. The acuity of our
patients, as indicated by APACHE IV scores,
was moderately severe, but the standardized
mortality ratio indicates modestly reduced
mortality compared with what would be ex-
pected. As of September 4, 2020, a total of
6,132,074 cases of COVID-19 have been re-
ported in the United States, with 186,173
deaths (3%).18

Rates of mortality reported in hospital-
ized patients vary widely but have consis-
tently been higher than what was observed
here. In a cohort study that included
11,210 adult patients with confirmed
COVID-19 infection who presented to 92
hospitals of a health care organization
located in 12 states, 7139 (63%) required
hospitalization; among these hospitalized
patients, 2866 (40%) required ICU care.
An overall in-hospital mortality of 20.3%
and mortality rate of 34.7% among those
with an ICU stay were reported.19 A pro-
spective cohort study from a health care or-
ganization in New York City reported that
51.9% of patients required hospitalization,
36.1% required ICU, and 24.3% overall
mortality.20 Other New Yorkebased studies
indicated 21% mortality21 and 22% mortal-
ity22 among hospitalized patients. Connect-
icut reported 13.5% mortality in a hospital-
based study.23

Nationally, the multicenter open-label
EAP of convalescent plasma in hospitalized
adults with COVID-19 infection involved
35,322 patients receiving care at 1809 sites
across the United States. In this study, 30-
day mortality of hospitalized patients was
24.5% during the study period. In the
double-blind, randomized, placebo-
controlled trial of intravenous remdesivir
treatment in adults hospitalized with
COVID-19 infection, the following mortality
rates at day 14 were reported: overall, 86 of
1059 (8%); placebo arm, 54 of 521 (10%);
and remdesivir arm, 32 of 538 (6%).8 A
study of mortality across countries found
that age demographic characteristics
accounted for most of the observed variation
in fatality rates. In this study, fatalities
1;96(3):601-618 n https://doi.org/10.1016/j.mayocp.2020.12.006
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TABLE 4. Complications, Length of Stay, and Mortality for Patients 18 Years and Older Hospitalized With COVID-19, Overall and by ICU Status,
Mayo Clinic, March Through July 2020

Outcomes Total (N¼897) No ICU (N¼543) ICU (N¼354) P

Complications, no. (%)
Acute kidney injury 185 (20.6%) 76 (14.0%) 109 (30.8%) <.001
Thromboembolic 127 (14.2%) 53 (9.8%) 74 (20.9%) <.001
Cardiovascular 11 (1.2%) 6 (1.1%) 5 (1.4%) .68
Urinary tract infections 140 (15.6%) 83 (15.3%) 57 (16.1%) .74
Respiratory tract infections 51 (5.7%) 8 (1.5%) 43 (12.1%) <.001
Bloodstream infections 29 (3.2%) 8 (1.5%) 21 (5.9%) <.001
Length of stay (cumulative, d), median (range) 5 (0-84) 5 (0-84) 7.5 (0-68) <.001
Mortality, in hospital or 30 d after discharge, % 7.1% (64) 4.1% (22) 11.9% (42) <.001

COVID-19, coronavirus disease 2019; ICU, intensive care unit.
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FIGURE 3. Crude rates by month for National Institutes of Health Ordinal
Scale outcomes (1-5) for 7891 patients, Mayo Clinic, March through
July 2020.

MAYO CLINIC COVID-19 OUTCOMES
ranged from 0.002% in those younger than
34 years and 28.3% in those 85 years and
older.24 Our observed mortality was lower
in each age bracket.

The observed decline in mortality over
time has been previously observed. One
possible explanation for this is that it re-
flects selection bias. Early in the outbreak,
testing was prioritized to those with spe-
cific symptoms, thereby selecting for those
with more severe illness. Later in the
epidemic, testing included asymptomatic
individuals, who would be expected to
have less severe illness. Second, because
the Mayo Clinic sites were not involved in
the initial wave of infections within North
America, we had the advantage of learning
from the clinical experience and insights
of our colleagues worldwide. Most of the
comparators cited were in the East Coast
and New York in particular, which bore
the brunt of the first wave with disruptions
to every aspect of local health care.

Another factor may have been our outpa-
tient COVID-19 management teams and
remote monitoring capabilities, allowing
complications and deterioration to be
detected earlier and interventions put in
place in a more timely manner. The high
proportion of our patients able to participate
in these programs was likely a contributor to
our outcomes.

A possible contributor to decreased mor-
tality over time was the attenuating effects of
masks and social distancing, reducing inoc-
ulum of exposure and potentially reducing
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
the severity of illness.25 Also, differential
mortality among strains of SARS-CoV-2 has
been postulated, and the impact of different
substrains on population outcomes and
shifts in strains over time and space are not
yet understood.26

Finally, best practices in critical care and
excellent multidisciplinary ICU care were
maintained according to Mayo Clinic’s
model of care. In the early epidemic, early
intubation was a more common practice
016/j.mayocp.2020.12.006 613

https://doi.org/10.1016/j.mayocp.2020.12.006
http://www.mayoclinicproceedings.org


TABLE 5. Risk for Death for Hospitalized Patients 18 Years and Older With COVID-19, Mayo Clinic, March Through July 2020a

Characteristic
N

(N¼897)

Deaths Unadjusted Model Adjusted Model

Deaths
(N¼64)

30-d Mortality
Rate (95% CI)

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI P

Age (y)
18-34 107 0 0.4% (0%-1.1%) 1 Reference 1 Reference
35-49 164 4
50-64 284 7 1.4% (0%-2.8%) 1.67 0.49-5.71 0.58 0.15-2.23 .43
65-74 157 13 6.4% (2.5%-10.2%) 5.75 1.88-17.65 0.71 0.17-3.00 .65
�75 185 40 19.8% (13.8%-25.4%) 16.86 6.03-47.13 3.67 1.06-12.71 .04

Sex

Female 406 19 3.7% (1.9%-5.6%) 1 Reference
Male 491 45 7.4% (5.1%-9.7%) 1.98 1.16-3.39

Race/ethnicity

Hispanic (all races) 169 7 2.4% (0%-4.7%) 0.41 0.18-0.90
White, non-Hispanic 481 47 8.4% (5.9%-10.9%) 1 (reference)
Black, non-Hispanic 90 3 3.4% (0%-7.1%) 0.33 0.10-1.05
Asian, non-Hispanic 50 4 6.2% (0%-12.7%) 0.81 0.29-2.24
All other, non-Hispanic 107 3 0.9% (0%-2.8%) 0.27 0.08-0.87

Month of COVID-19 diagnosis

March 49 8 14.3% (3.9%-23.6%) 1 Reference 1 Reference
April 79 4 5.1% (0.1%-9.8%) 0.28 0.08-0.93 0.31 0.09-1.09 .07
May 118 9 6.8% (2.2%-11.3%) 0.43 0.17-1.11 0.33 0.12-0.92 .03
June 301 15 3.3% (1.3%-5.4%) 0.28 0.12-0.66 0.24 0.09-0.62 .004
July 350 28 6.5% (3.8%-9.1%) 0.50 0.23-1.10 0.32 0.13-0.79 .01

Charlson Comorbidity Index
score

0-1 281 2 <1% 1 Reference 1 Reference
�2 616 62 8.4% (6.1%-10.6%) 14.76 3.61-60.34 4.25 0.80-22.59 .09

Body mass index (kg/m2)

<18.5 10 1 12.1% (6.9%-17.1%) 0.81 0.11-6.06
18.5-24.9 159 19 10.0% (0%-26.8%) 1 Reference
25.0-29.9 238 15 4.3% (1.7%-6.9%) 0.50 0.25-0.98
30.0-39.9 324 25 5.3% (2.8%-7.7%) 0.61 0.34-1.11
�40 132 3 2.3% (0.0%-4.9%) 0.18 0.05-0.60
Missing 34 1 2.9% (0.0%-8.5%) 0.23 0.03-1.68

Smoking

Never 545 20 2.2% (1.0%-3.5%) 1 Reference 1 Reference
Ever 324 39 10.9% (7.4%-14.2%) 3.48 2.03-5.96 2.16 1.18-3.93 .01
Missing 28 5 14.7% (0.3%-27.0%) 5.61 2.11-14.96 1.18 0.32-4.28 .80

Platelets

Low 238 28 9.8% (5.9%-13.6%) 2.37 1.42-3.96
Normal range 608 31 4.0% (2.4%-5.5%) 1 Reference
High 39 4 7.7% (0%-15.7%) 2.11 0.75-5.99
Missing 12 1

Aspartate aminotransferase

Normal range 447 29 5.4% (3.3%-7.5%) 1 Reference
Elevated 382 33 7.2% (4.6%-9.8%) 1.39 0.85-2.30
Missing 68 2

Continued on next page
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TABLE 5. Continued

Characteristic
N

(N¼897)

Deaths Unadjusted Model Adjusted Model

Deaths
(N¼64)

30-d Mortality
Rate (95% CI)

Hazard
Ratio 95% CI

Hazard
Ratio 95% CI P

Alanine aminotransferase

Normal range 606 47 6.7% (4.6%-8.6%) 1 Reference
Elevated 222 15 5.1% (2.1%-8.0%) 0.88 0.49-1.58
Missing 69 2

Bilirubin

Normal range 799 58 6.0% (4.3%-7.6%) 1 Reference
Elevated 31 4 12.9% (0.3%-23.9%) 1.83 0.66-5.04
Missing 67 2

Creatinine

Normal range 563 23 3.6% (2.0%-5.1%) 1 Reference 1 Reference
Elevated 315 41 9.9% (6.5%-13.1%) 3.23 1.94-5.37 1.98 1.10-3.57 .02
Missing 19 0

Neutrophil-lymphocyte ratio

<6 322 19 3.6% (1.8%-5.3%) 1 Reference 1 Reference
�6 427 34 8.1% (5.1%-11.1%) 2.42 1.38-4.24 1.78 1.00-3.19 .05
Missing 148 11

Ferritin

Normal 137 11 6.6% (2.3%-10.7%) 1 Reference
High 278 20 5.5% (2.7%-8.1%) 0.92 0.44-1.91
Missing 482 33

aCOVID-19, coronavirus disease 2019.
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based on the assumption that patients would
always decline rapidly27 and to limit expo-
sure of health care workers to aerosol-
generated procedures.28 However, we
learned very quickly that although some pa-
tients deteriorated rapidly and required intu-
bation, most of them would be placed early
on high-flow nasal cannula, less often on
noninvasive ventilation, encouraged to self-
prone, and ultimately would not require
intubation, though the effect of individual
aspects of this bundled approach cannot be
analyzed here and some elements of it have
recently been subject to controversy.29

Among those intubated, adherence to best
supportive care was encouraged early.30 Spe-
cial emphasis was made on lung protective
strategy, early prone positioning, conserva-
tive fluid strategy, judicious use of sedative
and neuromuscular blocking agents, and
management of the hypercoagulable state,3

as well as adherence to the modified ABC-
DEF bundle (assess and manage pain, both
spontaneous awakening and breathing trial,
Mayo Clin Proc. n March 2021;96(3):601-618 n https://doi.org/10.1
www.mayoclinicproceedings.org
choice of sedation, delirium assessment,
early mobility and exercise, and family
communication and involvement).31

Although ECMO use was infrequent, going
to ECMO early when it was determined to
be indicated may have contributed as well.

Critical to our outcomes was the ability
to confirm the diagnosis of COVID-19
quickly following sample collection within
12 to 24 hours. Therefore, patients were
evaluated early during their COVID-19
infection. Patients not requiring hospitaliza-
tion were closely monitored from home by
a structured telemedicine system. Each and
every hospitalized patient was reviewed by
the multidisciplinary Treatment Review
Panel that, in collaboration with the primary
team, made recommendations on the best
supportive care based on evidence as they
became available and progressed with
time8,32 and offered COVID-19edirected
therapies, clinical trial options, and general
infectious disease consultation. These thera-
pies were communicated to the patient by an
016/j.mayocp.2020.12.006 615
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infectious disease provider. This method,
although requiring significant resources,
ensured high-quality communication with
the primary teams and the application of lat-
est evidence available as reviewed by the
multidisciplinary team.

Trials of antiviral therapy were available
early, which accounts for a large proportion
of patients who received them (41% [368 of
897] of hospitalized patients). Despite our
individualized approach, with emphasis on
limiting their use to those with rapid deterio-
ration on imaging, oxygenation, or clinical
appearance or those with a propensity to do
so or those who had an established indication
(eg, chronic obstructive pulmonary disease,
asthma, long-term use, pregnancy, and septic
shock), a fair proportion (50.1%; 449 of 897)
received glucocorticoids. The use of convales-
cent plasma was more restrained and more
common in those with contraindications to
remdesivir (eg, abnormal liver function or
renal failure). In some instances, the use of
antivirals was limited due to temporary lack
of availability. The use of specific immuno-
modulatory agents (eg, interleukin 6 inhibi-
tors) was limited (16.9%; 152 of 897). It
was initially used under emergency Investiga-
tional New Drug authorization and later
mostly in randomized controlled trial only
and rarely under an EAP.33 The Treatment
Review Panel was available after hours,
providing real-time guidance and expertise.
The multidisciplinary nature of this group
helped ensure that differential diagnoses
overlapping with COVID-19 infection would
be considered as part of a holistic treatment
approach, such as E-cigarette or vaping prod-
uct useeassociated lung injury34 or ARDS.

This study is limited by its retrospective
nature. It is possible that certain comorbid
conditions thus may have been omitted if
not appropriately documented, especially
for patients who were new to our system
because of the COVID-19 epidemic who
did not have pre-existing documentation in
the EHR. The geography of our patient
referral base also means that our description
and findings may not translate to other pop-
ulations throughout the United States with
different comorbid conditions and resources
Mayo Clin Proc. n March 202
at their disposal. Critically, no location in
our system was challenged with an over-
whelming surge on the level of New York
City during this time frame.

Another limitation to the generalizability
of this study is that our enterprise is a con-
sortium comprising multiple tertiary referral
centers. Other health care organizations may
not have the bandwidth for extending ter-
tiary care expertise and sharing logistical
and planning support across states.
CONCLUSION
Multidisciplinary teamebased consensus-
driven treatment approaches to COVID-19
infection, complemented with aggressive diag-
nostic capabilities and outpatient monitoring,
are associated with low rates of hospitalization
and mortality. These best practices learned
over time could serve as a template for an effec-
tive continuing response to the pandemic.
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