REVIEW

A Collaborative Multidisciplinary Approach
to the Management of Coronavirus Disease
2019 in the Hospital Setting
Raymund R. Razonable, MD; Kelly M. Pennington, MD;
Anne M. Meehan, MB, BCh, PhD; John W. Wilson, MD; Adam T. Froemming, MD;
Courtney E. Bennett, DO; Ariela L. Marshall, MD; Abinash Virk, MD;
and Eva M. Carmona, MD, PhD
Abstract
The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus disease
2019 (COVID-19), which presents an unprecedented challenge to medical providers worldwide.
Although most SARS-CoV-2einfected individuals manifest with a self-limited mild disease that
resolves with supportive care in the outpatient setting, patients with moderate to severe COVID-19
will require a multidisciplinary collaborative management approach for optimal care in the hospital
setting. Laboratory and radiologic studies provide critical information on disease severity, management options, and overall prognosis. Medical management is mostly supportive with antipyretics,
hydration, oxygen supplementation, and other measures as dictated by clinical need. Among its
medical complications is a characteristic proinﬂammatory cytokine storm often associated with
end-organ dysfunction, including respiratory failure, liver and renal insufﬁciency, cardiac injury, and
coagulopathy. Speciﬁc recommendations for the management of these medical complications are
discussed. Despite the issuance of emergency use authorization for remdesivir, there are still no
proven effective antiviral and immunomodulatory therapies, and their use in COVID-19 management
should be guided by clinical trial protocols or treatment registries. The medical care of patients with
COVID-19 extends beyond their hospitalization. Postdischarge follow-up and monitoring should be
performed, preferably using telemedicine, until the patients have fully recovered from their illness and
are released from home quarantine protocols.
ª 2020 Mayo Foundation for Medical Education and Research
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oronavirus disease 2019 (COVID19) is a new acute respiratory illness
caused by a novel zoonotic pathogen,
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1-5 Since the ﬁrst cases
were reported in December 2019 from Wuhan,
China,1 the infection has rapidly spread worldwide.6 Declared by the World Health Organization as a global pandemic on March 11,
2020, COVID-19 has altered societal norms
and human behavior in very profound ways
as communities attempt to “ﬂatten the
curve.”7,8 This public health strategy is an
effort to minimize the effect on the health
care system of a “surge” of patients who
require hospitalization.7
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Supportive care is the standard approach to
the management of COVID-19. Because there
is no proven effective antiviral treatment or
vaccine, medical providers are scrambling to
learn about this disease to provide the best
management. Herein, a collaborative team of
physicians review the rapidly evolving literature (published on PubMed, Medline, and
various journal and society websites) on
COVID-19 in their respective specialties. In
the process, we provide a concise practical review that summarizes the clinical management
of COVID-19 in the hospital setting, including
the evaluation of patients, diagnostic testing,
treatment strategies, and infection prevention
measures.
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Supportive care is the standard approach to the management of
coronavirus disease 2019 (COVID-19), with particular attention
to respiratory support and early detection of potential complications, such as cytokine storm and organ dysfunction.
Therapeutic management of COVID-19 using antivirals and
immunomodulators remains investigational and should be
implemented using clinical trial protocols.
A multidisciplinary collaborative approach to the management
of COVID-19 is an essential component of providing optimal
care to patients.

SARS-COV-2, THE VIRUS
SARS-CoV-2 belongs to a family of large
enveloped RNA viruses with a “crown”
(corona)-like appearance.9,10 Until 2019
there were six coronaviruses that cause human disease. Four of these, human coronaviruses NL63, 229E, OC43, and HKU1, cause
seasonal outbreaks of respiratory infections.11 The other two, SARS-CoV and Middle East respiratory virus syndrome
coronavirus, caused pandemics in 2002 and
2012, respectively.12 The seventh member,
SARS-CoV-2, was sequenced from a patient
with unusual pneumonia in January
2020.1,13 Phylogenetic analysis shows 96%
homology to a bat coronalike virus and
79% similarity to SARS-CoV.1,13 Its spike
protein binds to the angiotensin-converting
enzyme 2 receptor that is expressed on respiratory epithelium, type II pneumocytes, and
epithelial cells of various organs, including
the gastrointestinal tract and kidneys.14-17
The reproduction number (or R0) of
SARS-CoV-2 is 2 to 4, which means that
every infected person can potentially transmit the virus to 2 to 4 susceptible individuals.18,19 Although initial cases were linked
to a live animal and seafood market in
Wuhan, person-to-person transmission in
the community was quickly documented.20
The virus is transmitted between humans
by respiratory droplets, aerosols, and fomites.21,22 The isolation of SARS-CoV-2 in
stool suggests that it may be transmitted by
fecal-oral route, although this has not yet
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been proven.23,24 Coughing, sneezing,
singing, talking, and simply exhaling project
infectious respiratory droplets into the environment,25,26 where the virus can survive for
hours to days.21,27
COVID-19, THE DISEASE
A large number of SARS-CoV-2einfected
persons have no symptoms.28 Unaware of
their infected status, asymptomatic persons
can transmit the virus in the community,
posing signiﬁcant public health challenges.29-33 Among those who develop
symptoms, the illness starts 4 to 14 days after exposure.5 Fever, dry cough, shortness of
breath,
and
fatigue
are
common
(Figure 1).2,3,5 Sore throat, rhinorrhea,
nausea, vomiting, diarrhea,23 dysosmia, and
dysgeusia have been reported.17,34,35
Although respiratory symptoms are often
the initial manifestations, gastrointestinal
symptoms may predominate in up to 10%
of patients.36 Eighty percent of symptomatic
cases are mild and are managed with supportive care, without speciﬁc antiviral therapy or oxygen supplementation, in the
outpatient setting.37
Approximately 20% of patients develop
moderate to severe pneumonia that is best
managed in the hospital.38 COVID-19 pneumonia is classiﬁed as moderate if a patient
maintains oxygen saturation greater than
93% on room air and as severe if the respiratory rate is greater than 30 breaths/min, oxygen saturation is 93% or less on room air,
PaO2/FIO2 is less than 300, or lung inﬁltrates
are greater than 50%. The onset of respiratory
failure may occur precipitously, often during
the second week of illness. In 5% of patients,
COVID-19 progresses to critical illness characterized by hyperinﬂammatory syndrome
manifested as hypotension, shock, respiratory
failure, and multiple organ failure.39,40 Risk
factors for disease progression are older age,
diabetes mellitus, chronic lung diseases, hypertension and cardiovascular diseases, and
chronic liver and kidney diseases.22,41-43 An
immunocompromised status and a high
body mass index (>40 [calculated as weight
in kilograms divided by height in meters
squared]) have also been implicated.44-46
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Symptoms

Common laboratory findings

Incubation 4-14 d
Common:
• Fever (77%–98%)
• Cough (46%–82%)
• Myalgia or fatigue (11%–52%)
• Dyspnea (31%)
Less common:
• Sore throat, sputum, hemoptysis, rhinorrhea
• Headache, anosmia, dysgeusia
• Nausea, vomiting, diarrhea

CBC count:
• Lymphopenia (63%)
• Leukocytosis (24%–30%)
• Leukopenia (9%–25%)
LFTs:
• ↑ AST, ALT
• ↑ LDH

Inflammation:
• ↑ ESR
• ↑ CRP
• ↑ Ferritin
Coagulation:
• ↑ D-dimer
• ↑ PT

Typical HRCT findings

Initial inpatient evaluation
Blood work:
• CBC count, differential count
• Comprehensive metabolic panel
• Creatinine
• AST and ALT
• CRP
• D-dimers
• Soluble fibrin monomers complex
Influenza A and B, RSV swabs (seasonal)
Chest radiography (portable preferred)
ECG (selected cases)

Asymptomatic
and
first week

- Confluent subpleural and multifocal
GGOs with increased consolidation
- Possible intralobular lines (crazy-paving)
- Lower lobe predominance
- Reverse halo sign or other features of
organizing pneumonia

Second
and
third weeks

Criteria for discharge to home
• Afebrile and hemodynamically stable for 48 h
• Stable respiratory status
• Able to perform activities of daily living
• Having a place to be safely discharged to
• Having the ability to home self-isolate
• Home provider who can offer help
Home quarantine requirements
• Quarantine for 7 d from hospital discharge or 14
d total since onset of disease (whichever is longer)
• At least 72 h have passed since resolution of fever
without the use of antipyretics
• Improvement in respiratory symptoms
• COVID-19 PCR testing on day 7 of discharge being negative

- Peripheral and patchy (GGOs)
- Frequently bilateral
- Rounded morphology

Remote monitoring
Clinical symptoms:
• Worsening shortness of breath
• New or worsening cough, productive
cough or hemoptysis
• New chest pain or pain with breathing
• Fevers, chills, or sweats
• Vomiting or diarrhea
• Lightheadedness
Vital signs:
• Temperature
• Heart rate
• Respiratory rate
• Blood pressure
• Oxygen saturations

FIGURE 1. Overview of the hospital management of patients with coronavirus disease 2019 (COVID-19). ALT ¼ alanine
aminotransferase; AST ¼ aspartate aminotransferase; CBC ¼ complete blood cell; CRP ¼ C-reactive protein; ECG ¼ electrocardiography; ESR ¼ erythrocyte sedimentation rate; GGO ¼ ground-glass opacity; HRCT ¼ high-resolution computed tomography;
LDH ¼ lactate dehydrogenase; LFT ¼ liver function test; PCR ¼ polymerase chain reaction; RSV ¼ respiratory syncytial virus.

INITIAL EVALUATION
COVID-19 should be suspected in any patient
with fever, respiratory difﬁculties, or other
symptoms (Figure 1). Most patients with suspected COVID-19 can be initially evaluated
using phone or electronic visits to reduce
the potential for viral transmission in the
Mayo Clin Proc. n July 2020;95(7):1467-1481
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hospital or clinic (see the Telemedicine subsection).47,48 Once suspected, SARS-CoV-2
polymerase chain reaction (PCR) testing
may be performed on nasopharyngeal
swabs.49,50 Infection control measures,
including handwashing, masking, and selfquarantining, should be implemented.51
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FIGURE 2. An elderly man with a history of congestive heart failure, atrial ﬁbrillation, and hypertension
presented to the emergency department for progressive dyspnea over 3 weeks. A, Portable chest radiography shows patchy peripheral opacities bilaterally. Chest computed tomographic angiogram was
negative for pulmonary embolism or signs of heart failure but had typical ﬁndings commonly reported for
coronavirus disease 2019. B and C, Axial and coronal computed tomographic images in lung windows
show patchy bilateral ground-glass opacities with a peripheral and lower lung distribution.

Initial evaluation should deﬁne disease
severity.36,52 Laboratory and radiographic
evaluations are generally not required for patients with mild COVID-19.37 In patients who
require hospitalization for moderate to severe
and critical pneumonia,5 the initial laboratory
evaluation includes a complete blood cell
count with differential count, inﬂammatory
markers (eg, C-reactive protein), and a metabolic proﬁle that incudes assays of renal and
liver status (Figure 1). D-dimer, ﬁbrinogen,
and soluble ﬁbrin monomer complex levels
and prothrombin time should be assessed to
evaluate coagulopathy.52-55 These initial tests
are needed to stratify the risk of disease progression and guide supportive measures to
prevent complications. Procalcitonin, interleukin (IL) 6, ferritin, B-type natriuretic peptide, troponin, and glucose-6-phosphase
dehydrogenase levels are potentially helpful,
when clinically indicated, to assess inﬂammatory status, consider potential complications,
and guide treatment selection.53
The most common laboratory abnormalities are lymphopenia (63%-83%), leukopenia
(9%-34%), leukocytosis (6%-30%), and thrombocytopenia (36%).2,3,5,53 A high neutrophil to
lymphocyte ratio and eosinopenia are indicators of severe disease. Erythrocyte sedimentation rate, C-reactive protein, D-dimer, ferritin,
and IL-6 levels are typically elevated,2,3,5,53
and the procalcitonin level is normal.56
When respiratory co-infection is suspected, patients may be tested for other
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pathogens,
particularly
inﬂuenza.57,58
Portable chest radiography is suggested in
patients with at least moderate respiratory
symptoms to assess the severity of pneumonia and identify concomitant processes
(Figure 2). Electrocardiography may also
be considered, especially if using drug therapies that cause QTc prolongation or if there
is concern for acute coronary syndrome or
myocarditis.
SARS-COV-2 DIAGNOSTICS
The diagnosis of COVID-19 requires laboratory conﬁrmation of the presence of
SARS-CoV-2 by PCR testing of clinical specimens.49,59 The Centers for Disease Control
and Prevention (CDC) recommends that
health care providers work with local health
departments to refer patients for testing using an approved platform by the US Food
and Drug Administration (FDA). Given the
current limitations in testing resources and
variable access, the CDC and the Infectious
Diseases Society of America have prioritized
patients who should be tested based on
symptoms, risk factors, and demographic
factors.60
A variety of commercial and laboratorydeveloped molecular assays (eg, PCR) have
been developed to detect SARS-CoV-2, with
variable performance characteristics.49,61
The sensitivity of the different SARS-CoV-2
reverse transcriptase PCR tests is variable.50,62 Although a positive SARS-CoV-2
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PCR test result is diagnostic, a negative
result does not exclude COVID-19. Factors
that inﬂuence PCR sensitivity include specimen quality, viral load, and disease
stage.49,62 Early during infection (eg, ﬁrst
3-5 days), viral concentrations in the oronasopharynx are high.61 As lower respiratory
tract disease develops later in the course,
tracheal secretions, sputum, or bronchoalveolar lavage ﬂuid samples have higher
sensitivity.61 Caution should be applied
while collecting samples by bronchoalveolar
lavage or induced sputum because both are
aerosolize-generating procedures (AGPs)
that need to be performed using appropriate
personal protective equipment.61 Serologic
testing to detect antibodies against SARSCoV-2 may be used to identify persons
with recent or previous infection.59,63,64
However, serologic testing is not recommended to diagnose acute infection. Detection of
SARS-CoV-2 immunoglobulin G may be
used to determine community seroprevalence and for screening convalescent plasma
donors. Whether antibody provides protective immunity against SARS-CoV-2 is unknown.
Several
point-of-care
rapid
serologic and molecular diagnostic tests are
in development to facilitate for more timeexpedient decision making regarding isolation precautions and management.59
RADIOLOGY
Chest radiography has poor sensitivity for
detecting opacities early in COVID-19 and
has limited utility as a screening test. Given
the wide spectrum of presenting clinical
symptoms and severity, including patients
with nonpulmonary manifestations, radiography should not be ordered routinely in
asymptomatic patients and those with mild
disease. It is useful to guide management of
moderately ill patients, as an additional indicator of disease severity, or for identiﬁcation
of alternate or additional conditions that
require treatment, such as pneumothorax
or congestive heart failure (Figure 2).
There is rapidly evolving literature on
the role of chest computed tomography
(CT).65 Early studies suggested CT as a standard for the diagnosis of COVID-19,66 but
Mayo Clin Proc. n July 2020;95(7):1467-1481
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recent literature suggested that it should
not be performed routinely. More than half
of symptomatic patients have a negative
chest CT within the ﬁrst 2 days of infection.22,67-69 Even in a patient population
with very high pretest probability (85% prevalence), chest CT has a positive predictive
value of 92% but only a 42% negative predictive value.70 Thus, a negative chest CT
cannot be used to exclude COVID-19, particularly within the ﬁrst few days of infection.
The Radiological Society of North America published an expert consensus statement
on reporting of CT ﬁndings of COVID-19.71
The most typical CT features are groundglass opacities, with a peripheral, bilateral,
and lower lung predominant pattern
(Figure 2). Ground-glass opacities are
commonly described to have rounded or
nodular morphologic features. Progression
of COVID-19 is characterized by increasing
extent and density of opacities, consolidation and “crazy-paving” appearance, and organization with ﬁbrosis.
Many CT ﬁndings are not commonly
seen with COVID-19 and indicate alternate
or additional disease processes, including
upper lobe or perihilar distribution, “treein-bud” centrilobular nodularity, pleural effusions, cavitation, discrete solid nodules,
and lymphadenopathy.
CRITICAL ILLNESS AND MEDICAL
COMPLICATIONS
Hyperinﬂammatory Syndrome
In 5% to 10% of patients, COVID-19 progresses to a severe and critical hyperinﬂammatory stage that is associated with
end-organ damage, most commonly with
lung injury and acute respiratory distress
syndrome (ARDS). Patients are usually
admitted to the intensive care unit (ICU),
where they receive respiratory and hemodynamic support.39,72 Severe lymphopenia is a
common risk factor for severe COVID-19,39
with reduction in helper, suppressor, and
regulatory T cells.53,73,74
Studies have reported elevated IL-6,
C-reactive protein, and ferritin levels in patients with severe COVID-19, suggesting a
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proinﬂammatory process.28,52,53 Elevated
levels of IL-2R, IL-7, IL-10, tumor necrosis
factor a, granulocyte colony-stimulating factor, and macrophage inﬂammatory protein
1-a are also observed.75 It is hypothesized
that this proinﬂammatory state triggers the
critical illness in COVID-19, but whether
these cytokines are the cause or the consequence of lung injury is not clear. Mortality
in patients with severe and critical COVID19 is 26%72 but is markedly higher in older
individuals with signiﬁcant comorbidity.39
Clinical trials of immunomodulatory drugs
aimed at suppressing the cytokine release
syndrome are underway (discussed later
herein).
Respiratory Failure
Respiratory failure is the most common
mechanism of death in COVID-19.2,3,5,28
Its onset is typically during the second
week of illness, with a median time of ICU
admission of 10 to 12 days.75 A subset of patients may progress rapidly to ARDS, with a
median of 2.5 days from onset of dyspnea.
Hypoxemic respiratory failure occurs in
10% to 20% of patients, and ARDS develops
in 3% to 5%.2,3,5,28 Risk factors for ARDS are
age 65 years or older, cardiovascular disease,
diabetes mellitus, and hypertension.75 Patients with ARDS have a higher incidence
of liver enzyme elevation, renal dysfunction,
coagulopathy, and lymphopenia.75
Early identiﬁcation of progressive respiratory failure is needed to escalate the level of
care and apply important interventions such
as high-ﬂow oxygen, mechanical ventilation,
prone position, and other supportive measurements. Classic ARDS is characterized by
impaired gas exchange, decreased lung
compliance, and increased pulmonary arterial
pressure.76 In contrast, severe hypoxemia
with well-preserved lung mechanics and
high lung compliance have been described
in COVID-19.77 As previously described in
ARDS,78 microvascular thrombi in the lungs
secondary to pulmonary microvascular coagulopathy is seen in COVID-19.79
Best practice for mechanical ventilation
in ARDS recommends low tidal volumes
(4-8 mL/kg predicted body weight), low
1472
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end-inspiratory pressures (plateau pressure,
<30 cmH2O), and low driving pressure
(tidal volume over respiratory system
compliance, <15 cmH2O) to prevent
ventilator-induced lung injury in the setting
of reduced lung compliance.80,81 Because
some patients with COVID-19 hypoxemic
respiratory failure have normal respiratory
system compliance, higher tidal volumes
may be acceptable in this subset of patients.41 For moderate or severe ARDS,
neuromuscular blockade may be required
to prevent ventilator asynchrony, decrease
metabolic demand, and facilitate ventilation
targets.82 Likewise, prone ventilation may
improve ventilation-perfusion mismatch
and oxygenation. Other aspects of classic
ARDS management, such as ﬂuid-restrictive
strategies, need to be individualized because
dehydration and intravascular depletion are
frequent in COVID-19. It is important that
we understand that the current ARDS guidelines are not tailored to all aspects of
COVID-19einduced ARDS and they need
to be individualized in the context of
patient-speciﬁc presentation and other
comorbidities.82 The use of noninvasive positive pressure ventilation or high-ﬂow nasal
cannula oxygen with self-proning in
COVID-19 ARDS is controversial but may
prevent intubation in some patients.83 The
timing of intubation is debated because it
must balance the risk of lung injury with
the need for deep sedation, neuromuscular
blockade, and prolonged mechanical ventilation. The optimal oxygenation goal should
be targeted to oxygen saturation of 92% to
96% unless there is evidence of other
chronic pulmonary conditions that may
result in hypercapnic respiratory failure.82
Cardiovascular Complications
The cardiovascular complications in COVID19 can be due to cardiac injury secondary to
SARS-CoV-2 infection and the increased risk
in patients with cardiovascular diseases.84-86
Signiﬁcant cardiovascular sequelae include
myocardial injury (signiﬁcant rise in serum
troponin level) with acute cardiac injury
and fulminant myocarditis, arrhythmias,
and circulatory collapse,85,87-89 especially in
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patients with underlying cardiovascular diseases.85,86,90 Hypertension is the most common comorbidity.85,90-92 Less common
cardiovascular comorbidities include coronary vascular and cerebrovascular disease
and chronic heart failure.90,92
Clinical manifestations of myocardial
injury in COVID-19 range from mild asymptomatic elevations in cardiac biomarkers to
severe
fulminant
myocarditis
and
shock.28,91,93 In a study of 138 patients,
acute cardiac injury (7.2%), shock (8.7%),
and arrhythmia (16.7%) were frequent.91 In
113 patients who died of COVID-19, the
incidence of acute cardiac injury, congestive
heart failure, and shock were 77%, 49%, and
41%, respectively.94 New or worsening
congestive heart failure occurred in 23% of
191 hospitalized patients.95 Acute cardiac
injury may manifest as the phenomenon of
ST-segment elevation without acute coronary artery occlusion, which may represent
myocarditis.88,96
The mechanism of myocardial injury is
likely multifactorial, including demand
ischemia, toxic-metabolic effects, cytokine
storm, direct viral cardiomyocyte injury,
and inﬂammation triggering coronary plaque
rupture.89,97,98 Cardiac pericytes have high
expression
of
angiotensin-converting
enzyme 22 receptors,99 but there is insufﬁcient data to implicate this pathway.
Although the pathogenesis of the cardiovascular sequelae is unclear, there is evidence
that myocardial injury associated with acute
respiratory illnesses is independently associated with mortality.100
It is important to differentiate acute coronary syndrome from other causes of
troponin elevation in the setting of acute
illness.87 Cardiology consultation is recommended when there are ﬁndings of myocardial ischemia (ie, angina, ST-segment
changes on electrocardiogram, and/or
regional wall motion abnormalities on echocardiogram) in the setting of myocardial
injury, new or worsening heart failure, and
arrhythmias. Treatment of the underlying
disease and supportive care are recommended for myocardial injury in the absence of
acute coronary syndrome.101 In patients
Mayo Clin Proc. n July 2020;95(7):1467-1481
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with ST-segment elevation, a multidisciplinary evaluation should guide the decision
for coronary angiography,102 taking into account the severity of illness and the potential
beneﬁt from coronary revascularization.103
No speciﬁc medical therapy is recommended
for acute myocarditis, and routine endomyocardial biopsy is discouraged because it is
unlikely to change management, and there
are associated risks.104
Hepatic Dysfunction
Mild to moderate elevations in serum aminotransferase and bilirubin levels are common
in hospitalized or critically ill patients with
severe COVID-19.58,105 Although liver
enzyme abnormalities are more common in
severe disease, patients seldom develop acute
liver failure or obvious intrahepatic cholestasis.52,106 Supportive care and avoidance
of hepatotoxic drugs in patients with
COVID-19 are recommended. Liver damage
from virally induced cytotoxic T cells and
dysregulation of the innate immune
response has been proposed as the mechanism for liver enzyme elevation rather than
viral hepatitis.107
Renal Dysfunction
Elevation of serum creatinine levels is
frequent in patients with COVID-19 and is
likely due to hypovolemia from poor oral
intake, fever, and diarrhea.108 Elevated
serum creatinine and blood urea nitrogen
levels were reported in 15% of patients,
and acute kidney injury (AKI) was reported
in 1% to 15% of hospitalized patients and in
20% of critically ill patients.39,108 Proteinuria
and hematuria were common.109 Acute kidney injury occurs 13 to 20 days after hospital
admission and is associated with in-hospital
mortality.55,109,110 Adequate assessment and
monitoring of ﬂuid status is, therefore,
essential in all patients with COVID-19. Of
those who develop AKI, approximately 1%
to 5% may require renal replacement therapy.94,105 Autopsies of 6 patients with
COVID-19 found severe acute tubular necrosis.111 Acute tubular necrosis is likely secondary to shock, hypotension, and/or
hypovolemia, although direct tubular injury
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from the virus has been hypothesized.111,112
Angiotensin II pathway activation and coagulopathy leading to microvascular thrombosis are also likely contributors to
AKI.113,114 Renal abnormalities often resolve
within 3 weeks after onset of symptoms.
Severity of pneumonia was correlated with
lower odds of AKI recovery.110
Coagulopathy
COVID-19 has been associated with coagulopathy leading to microvascular thrombosis
and consumption of coagulation factors often
meeting the criteria for disseminated intravascular coagulation.54,115,116 Higher D-dimer
levels have been observed in patients
admitted to the ICU75,79,91,117 and in nonsurvivors.91,95 Additional features in some patients include prolonged prothrombin time
and
thrombocytopenia.118
COVID19eassociated coagulopathy has been associated with disease severity and mortality.93,119
The International Society of Thrombosis
and Haemostasis recommends that all patients with COVID-19 undergo measurement of D-dimer level, prothrombin time,
and platelet count for risk stratiﬁcation and
prognostic considerations.120 Fibrinogen
and soluble ﬁbrin monomer complex levels
provide additional information on the potential for coagulopathy. Despite abnormal
coagulation parameters, bleeding has not
typically been described in COVID-19.54 If
there is active bleeding, it is reasonable to
consider transfusion of platelets (for counts
<50,000103/mL [to convert to 109/L,
multiply by 1]), fresh frozen plasma (if the
international normalized ratio is >1.5-1.8),
or cryoprecipitate (if the ﬁbrinogen level is
<51-68 mg/dL [to convert to g/L, multiply
by 0.01]).
Thrombotic complications are common
in patients with COVID-19 who are critically
ill.121 Some data support the hypothesis that
inhibiting thrombin generation with anticoagulation in patients with sepsis-associated
coagulopathy may be associated with
decreased mortality. One small study reported lower mortality rates among patients
with COVID-19 and elevated D-dimer levels
who received prophylactic heparin.79
1474
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Another study observed lower mortality
rates in patients with high sepsis-induced
coagulopathy scores or extremely elevated
D-dimer levels who received prophylacticdose low-molecular-weight heparin or
unfractionated heparin.122 Prophylactic
low-molecular-weight heparin should be
considered in all patients requiring hospitalization for COVID-19 provided that platelet
counts remain greater than 25,000/mL. However, despite prophylactic anticoagulation,
thrombotic rates of up to 31% have been reported in critically ill patients in the ICU
(27% venous thromboembolism, 3.7% arterial thrombosis).121 At this time, there is
not enough evidence to recommend
therapeutic-dose anticoagulation for all patients with severe COVID-19117; however,
there are several ongoing studies exploring
the role of intermediate-dose or full
therapeutic-dose anticoagulation for critically ill patients even in the absence of
thrombosis. The clinical beneﬁt of
extended-duration prophylaxis for patients
who have recovered and are discharged
from the hospital is also being debated.
Co-infections
Patients with COVID-19 may develop coinfection with other respiratory pathogens.
The rate of co-infection ranges from 4% to
35% of patients depending on the series
and the season.58,123 In 1 study, 24 of 116
specimens (21%) had SARS-CoV-2 co-infection with rhinovirus, enterovirus, respiratory
syncytial virus, and other coronaviruses. In
another study, the most commonly reported
co-infection was inﬂuenza.58 Early detection
of coexisting inﬂuenza infection is critical
for the prompt initiation of appropriate
inﬂuenza-speciﬁc therapy. Currently there
are limited data on bacterial or fungal coinfection, but suspicion for this possibility
must remain high, especially in patients
with COVID-19 on extended mechanical
ventilation. Once bacterial superinfection is
suspected, empirical antibiotics may be initiated while microbiologic evaluation is
undertaken. Suspicion for superimposed
co-infection may be suggested by “indeterminate” or “atypical” radiographic features.
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ISOLATION PRECAUTIONS
Person-to-person spread of SARS-CoV-2 occurs mainly by respiratory droplets27 and
direct contact with infected surfaces.27 Patients who are suspected or conﬁrmed of having COVID-19 should, therefore, be managed
under appropriate infection prevention and
control practices, speciﬁcally droplet and contact precautions, as outlined by the CDC
(https://www.cdc.gov/coronavirus/2019-ncov/
hcp/clinical-criteria.html).27 Respiratory droplets typically do not linger in the air and, thus,
airborne precautions are generally not needed.
However, airborne precautions are necessary
when AGPs are performed, including sputum
induction, endotracheal intubation and
extubation, bronchoscopy, open tracheal
suctioning, esophageal procedures, and cardiopulmonary resuscitation. During the performance of AGPs, N95 plus eyewear
protection or powered air-purifying respirator
and contact precautions are required.
Patients with SARS-CoV-2 infection
should remain on droplet and contact precautions for the duration of hospitalization.
Discontinuation of isolation precautions requires clinical symptom resolution and
demonstration of 2 consecutive negative
SARS-CoV-2 PCR test results.
TREATMENT CONSIDERATIONS
The standard of care for COVID-19 is supportive management, including analgesics,
ﬂuids, electrolytes, and oxygen supplementation.124 There is no solid evidence to suggest that nonsteroidal anti-inﬂammatory
drugs worsen COVID-19 symptoms.124,125
Antiviral Therapeutics
Pharmaceutical management of COVID-19
takes into account the stage of illness. During the early stage (eg, during the ﬁrst
week), when the pathology is driven mainly
by viral replication, an effective antiviral
therapy is desired. The goal of management
is to suppress viral replication to prevent systemic or end-organ disease. However, there
is no drug proven to be clinically effective.124
Thus, participation in controlled clinical
trials of experimental and repurposed drugs
is recommended.124-126 Remdesivir, an
Mayo Clin Proc. n July 2020;95(7):1467-1481
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RNA-dependent RNA polymerase inhibitor,
was found to have modest efﬁcacy in a
cohort of 53 patients who participated in a
compassionate-use program.127 A placebocontrolled trial (which was prematurely
stopped because of poor enrollment because
the pandemic was slowing down in China)
found that remdesevir was not associated
with signiﬁcant clinical improvement.128
However, the (unpublished) clinical trial
sponsored by the National Institutes of
Health found that remdesivir was signiﬁcantly associated with faster time to clinical
improvement.129 The US FDA has granted
emergency use authorization for remdesivir
for the treatment of COVID-19.130
Favipiravir is another viral RNA polymerase inhibitor undergoing controlled clinical
trials.124 The antiehuman immunodeﬁciency
virus protease inhibitor lopinavir-ritonavir,
the antimalarial chloroquine, and antiinﬂammatory hydroxychloroquine are being
repurposed and evaluated for their efﬁcacy in
COVID-19.126,131,132
The
randomized
controlled trial that evaluated lopinavirritonavir in patients with severe COVID-19
did not ﬁnd signiﬁcant clinical beneﬁt
compared with supportive care.126
Convalescent plasma has been suggested
for the treatment of COVID-19. It is hypothesized that antibody to SARS-CoV-2 in the
plasma of persons who have recovered
from the illness may be efﬁcacious in controlling viral infection. The FDA has authorized an expanded access program on the
use of convalescent plasma for the treatment
of COVID-19. In their initial experience, 5
patients with COVID-19 pneumonia reported fever resolution, improvement in
sequential organ failure assessment scores,
decline in viral load, and resolution of
ARDS.133 The outcome of the ongoing registry of thousands of patients who received
convalescent plasma using the expanded access program in the United States is eagerly
awaited.

Immunomodulators
For the 5% of patients who progress to
develop severe systemic hyperinﬂammatory
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syndrome, the goal of treatment is to control
the proinﬂammatory state. In this regard,
immunomodulators such as IL-6 inhibitors
(sarilumab, tocilizumab, and others),
granulocyte-macrophage colony-stimulating
factor inhibitors (lenzilumab), IL-1 receptor
antagonist (anakinra), and others are proposed.124 Several clinical trials are underway
to assess the safety and efﬁcacy of these immunomodulators for the treatment of severe,
critical, and life-threatening COVID-19.125
Current evidence suggests against routine
corticosteroid therapy in COVID-19 unless
it is used for other clinical indications or under a clinical trial protocol.134
HOSPITAL DISCHARGE AND FOLLOW-UP
Early hospital discharge may result in
repeated admissions when COVID-19
worsens during the second week of illness.
In addition to its progression to lower respiratory tract infection, COVID-19 may result
in cardiac injury, AKI, electrolyte disturbances, and coagulation disorders,92 which
have postdischarge implications. Other factors that may impair health recovery are
the limited physical therapy that these patients receive during hospitalization due to
their respiratory compromise, the need for
being in isolation precautions, and a
decrease in health care staff availability. All
of these factors contribute to the longer hospital stay, risk of postdischarge complications, and increased risk of repeated
admissions.
Safe criteria for hospital discharge
include having been afebrile and stable hemodynamically for at least 48 hours, a stable
and safe respiratory status whether or not
requiring oxygen, able to conduct activities
of daily living, alert cognition, having a place
to be safely discharged to, the ability to selfisolate at home to protect other family members, and the presence of a home provider
who can continue the care for these patients
(Figure 1). Once discharged from the hospital, patients should have quick access to
health care in case they develop clinical
deterioration.
Patients who were residents of congregate settings, such as skilled nursing
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facilities, before hospitalization pose additional discharge challenges. These patients
can return to their place of residence if the
facility has the ability to isolate and care
for the patient. If that is not feasible, many
of these patients may not be discharged
from the hospital until they have recovered
from the illness and tested negative for the
SAR-CoV-2 by nasopharyngeal PCR.135,136
Telemedicine
During this pandemic of a highly infectious
virus, the need to limit patients’ movements
and to manage them remotely is desired.
Telemedicine is essential to monitor the patient’s clinical status remotely to identify
early clinical warning signs and to decrease
potential exposure to others, including
health care workers. Telemedicine in this
context not only includes phone calls and
video visits but also remote monitoring of
symptoms and vital signs such as temperature, heart and respiratory rates, blood pressure, and oxygen saturations from home via
devices or smartphone apps.47,48 In March
2020, the FDA allowed manufacturers of
certain noninvasive, vital sign measuring devices to expand their use so that health care
providers can use them to monitor patients
remotely. In addition, during this pandemic,
privacy and data protection regulations for
video and remote communications with patients have been relaxed to allow quicker
and easier access of patients to their health
care team. These in-home monitoring devices can collect data intermittently or
continuously and can be programed to
gather more or less intensive data, depending on the patient’s risk category. Some of
these patients may require remote cardiac
rhythm monitoring, such as LifeVest
(ZOLL Medical Corp) or BodyGuardian
(Preventice Solutions), especially if they
developed new arrhythmia or new heart failure with low ejection fraction (<35%) during
hospitalization.
These
remote
monitoring tools allow the clinical team to
identify abnormal biometrics early to rapidly
triage and escalate care with either in-home
management or transfer to an emergency
department or an infusion center for
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management. Remote monitoring devices
and clinical teams also serve to reinforce to
the patient to remain in home isolation
and, at the end of their illness, assist in
releasing the patient from isolation
precautions.135,136
CONCLUSION
COVID-19 presents a signiﬁcant challenge to
medical providers worldwide. Management
of the disease is mostly supportive care
with antipyretics, hydration, and oxygen
supplementation, as dictated by clinical
need. For patients with moderate to severe
COVID-19 that requires hospitalization,
medical complications affecting various organ systems are not uncommon and may
lead to critical illness and multiple organ
failure. Hence, the medical care of patients
with COVID-19 is best optimized by the
collaboration among various health care providers from different specialties. As illustrated in this management review, clinical
expertise in hospital medicine, infectious
diseases, clinical microbiology, radiology,
pulmonary and critical care medicine, cardiology, hematology, and primary care are
essential in ensuring that medical complications are prevented or treated early and
aggressively. Finally, when patients are
medically ready for hospital discharge, telemedicine will provide proper follow-up and
monitoring until the patients have medically
recovered from their illness and are ready to
be released from home quarantine protocols.
Abbreviations and Acronyms: AGP = aerosol-generating
procedure; AKI = acute kidney injury; ALT = alanine
aminotransferase; ARDS = acute respiratory distress syndrome; AST = aspartate aminotransferase; CBC = complete
blood cell; CDC = Centers for Disease Control and Prevention; COVID-19 = coronavirus disease 2019; CRP = Creactive protein; CT = computed tomography; ECG =
electrocardiogram; ESR = erythrocyte sedimentation rate;
FDA = Food and Drug Administration; GGO = ground-glass
opacity; HRCT = high-resolution computed tomography;
ICU = intensive care unit; IL = interleukin; LDH = lactate
dehydrogenase; LFT = liver function test; PCR = polymerase
chain reaction; RSV = respiratory syncytial virus; SARSCoV-2 = severe acute respiratory syndrome coronavirus 2
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