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KEY POINTS

� High-quality supportive ICU care is paramount, including established therapies for acute
respiratory distress syndrome.

� Therapeutic interventions for COVID-19 include virologic and immunologic therapies.

� COVID-19 can be complicated by thromboembolic events and multisystem inflammatory
syndrome.
INTRODUCTION

Common COVID-19 symptoms include fever, dyspnea, cough, and fatigue. Dyspnea
is more often reported by those who develop severe infection and correlates with
worse prognosis.1,2 COVID-19 disease results in a dynamic balance between antiviral
immune defense and excessive inflammation, often conceptualized into a biphasic
disease: an initial “viral phase” followed by either recovery or a “hyperinflammatory
phase” driven by host-mediated organ damage resulting in severe illness, sometimes
referred to as “cytokine storm.”3 Histopathologic evidence has demonstrated end-
organ damage even in the absence of viral particles, supporting the notion that exces-
sive host response contributes to mortality.4 In general, virus-targeted therapies tend
to be most effective early in disease and host-focused or inflammatory focused ther-
apies tend to be most effective later in the course of illness. In addition to the “biphasic
model,” distinction has emerged over the past year regarding patient serologic status
and viral load in relation to therapeutic efficacy. Notably, a subset of patients are un-
able to limit viral replication, and this inability to control the virus may contribute to the
development of respiratory failure. Thus, although antivirals are most effective early in
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the disease, subgroups of patients with severe or critical disease may benefit from
antiviral therapy (Fig. 1).5–9

Morta among critically ill patients receiving invasive mechanical ventilation have var-
ied significantly throughout the pandemic. Contemporary meta-analysis suggests that
mortality in this population is around 45%, although notable heterogeneity exists
among published cohorts.10,11 Several studies have detected an association between
increased mortality and case load or patient volumes, suggesting an impact of limited
resources on outcomes.12,13

SUPPORTIVE CARE

The mainstay of treatment for all critically ill patients is high-quality supportive inten-
sive care unit (ICU) care. In the most severe cases of COVID-19, patients develop
acute respiratory failure meeting the Berlin definition14 of acute respiratory distress
syndrome (ARDS): (1) acute hypoxemic respiratory failure, (2) onset within 7 days,
(3) bilateral opacities on imaging, (4) cardiac failure not the primary cause of respira-
tory failure. Early in the pandemic, some observers suggested that COVID-19
pneumonia did not cause “typical” ARDS based on the observation of relatively
well-preserved lung mechanics despite severe hypoxemia.15,16 However, other ob-
servers noted that prepandemic ARDS also had patients with near-normal compliance
despite hypoxemia. Instead of a different ARDS specific to COVID-19, there is rising
recognition that ARDS per se exists along a physiologic continuum.17 As a conse-
quence, standard ARDS therapies remain a critical part of treatment for severely ill
COVID-19 patients. Invasive mechanical ventilation is a common therapy used to sus-
tain patients with respiratory failure. However, mechanical ventilation can both
improve survival and cause further lung damage. To best optimize outcomes, low-
tidal-volume ventilation should be used, targeting 6 mL/kg predicted body weight.18,19

Additional mechanical ventilation therapies to prioritize include targeting higher rather
than lower positive end-expiratory pressure and limiting plateau pressure
to �30 cmH2O.

18,20 Early prone positioning of intubated patients improves survival
Fig. 1. COVID-19 therapies for severely ill patients. GM-CSF, granulocyte-macrophage
colony-stimulating factor; IgG, immunoglobulin G; TNF, tumor necrosis factor. (Courtesy
of Brandon Webb, MD, Intermountain Healthcare).
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and has been an established therapy for patients with severe ARDS before the
pandemic.21 Although separate trials have not been performed in COVID-19 ARDS,
prone positioning for patients with moderate to severe COVID-19 ARDS is in common
use around the world. Restricted fluid management whereby fluid intake is limited and
urinary output is increased also improves patient outcomes.22,23

The best noninvasive respiratory support strategy in patients not being treated with
invasive mechanical ventilation remains unclear. The FLORALI trial, conducted before
COVID-19, found significant mortality benefit from the use of high-flow nasal oxygen
(HFNO) in patients with acute hypoxemic respiratory failure compared with standard
oxygen or noninvasive ventilation.24 However, the RECOVERY-RS trial in patients
with COVID-19–related acute respiratory failure identified a significant decrease in
intubation andmortality with the use of continuous positive airway pressure compared
with HFNO or conventional oxygen.25 Of note, RECOVERY-RS was not a study of the
use of non-invasive ventilation for “rescue” of patients failing HFNO. Based on expe-
rience with intubated patients, many institutions have proposed prone positioning for
nonintubated patients,26,27 but data supporting this practice are controversial at
best.28–30 Although the role of extracorporeal membrane oxygenation (ECMO) in the
treatment of ARDS remains unclear,31 ECMO has been adopted as a rescue therapy
option for management of severely ill COVID-19 patients at many institutions around
the world.32,33 This widespread adoption of ECMO has occurred without supporting
trial evidence.
COVID-19–SPECIFIC THERAPIES

Pathophysiology of severe COVID-19 includes acute pneumonitis with extensive
opacities, diffuse alveolar damage, and microthrombosis.34 Additional host immune
response is thought to play a role in perpetuating organ failure as evidenced by
elevated inflammatory markers, such as ferritin, C-reactive protein, interleukin-1 (IL-
1), and IL-6.35,36 Early in the pandemic, therapeutic interventions targeting inflamma-
tory organ injury were proposed, and the value of glucocorticoids was widely debated.
Data regarding use of corticosteroids in viral respiratory infections before COVID-19
were mixed, and differing conclusions were drawn from meta-analysis.37,38 GLUCO-
COVID, an open-label trial, evaluated a 6-day course of methylprednisolone in 91 pa-
tients with SARS-CoV-2 receiving oxygen and evidence of systemic inflammation.
This study suggested improved mortality but was severely underpowered.39 More
than 6000 patients were included in the RECOVERY trial, comparing up to 10 days
of low-dose dexamethasone versus usual care. Dexamethasone was associated
with decreased 28-day mortality among hospitalized patients, with the largest benefit
in patients receiving supplemental oxygen and invasive mechanical ventilation (the
trial did not distinguish conventional oxygen from HFNO).40 A meta-analysis of other
smaller trials suggested similar mortality benefit with glucocorticoids.41 Therefore, glu-
cocorticoids are now a mainstay of therapy for severely ill COVID-19 patients and is
the only treatment with a strong recommendation in multiple international
guidelines.42–44

The pathophysiology of severe COVID-19 plus the apparent benefit of glucocorti-
coids suggests that other immunomodulatory therapies may be beneficial. Tocilizu-
mab is a recombinant anti-IL-6 receptor monoclonal antibody that inhibits the
binding of IL-6 to receptors. Tocilizumab is licensed for autoimmune diseases,
including cytokine release syndrome. Tocilizumab in COVID-19 has yielded strangely
mixed results: placebo-controlled trials have been largely negative, whereas prag-
matic unblinded trials suggested benefit in severe disease.45–49 The largest trial
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included more than 4000 patients enrolled in the RECOVERY platform who were hos-
pitalized and had evidence of systemic inflammation (C-reactive protein �75 mg/L). In
this study, the addition of tocilizumab improved survival and other clinical outcomes,
which persisted after control for level of respiratory support and concurrent systemic
corticosteroids (82% of patients also received corticosteroids).48 In addition, the prag-
matic platform trial REMAP-CAP investigated both tocilizumab and sarilumab (another
IL-6 receptor antagonist) in w800 critically ill patients who were receiving organ sup-
port. IL-6 antagonists resulted in improved survival, increased organ support-free
days, and other clinical outcomes. Nonetheless, several small to moderately sized ran-
domized, placebo-controlled trials of hospitalized patients found no clinical benefit of
tocilizumab.46,47,50 Whether this discrepancy reflects type 2 error in the placebo-
controlled trials, differences in target populations, or differences in therapeutic context
is not clear. Given the lack of large safety signals, IL-6 antagonists may well be appro-
priate therapy for critically ill patients with COVID-19, particularly when started early in
the course.
Remdesivir is a broad-spectrum antiviral with activity against coronaviruses. As a

prodrug, it is converted to an adenosine analogue and acts as an inhibitor of the
RNA polymerase found in SARS-CoV-2, which inhibits viral replication. Based on
the PINETREE trial,51 all major guidelines recommend remdesivir in nonsevere
COVID-19 patients at high risk of hospitalization. Although the World Health Orga-
nization guidelines do not recommend remdesivir for hospitalized patients,44 both
the National Institutes of Health (NIH) and Infectious Diseases Society of America
(IDSA) guidelines recommend the use of remdesivir for hospitalized patients
receiving supplemental oxygen.42,44,52 In patients receiving mechanical ventilation,
the IDSA guidelines give a conditional recommendation against the routine initiation
of remdesivir, whereas the NIH guidelines acknowledge differing opinions of panel
members given the limited evidence. In 2 studies conducted predominantly in North
America, remdesivir shortened the time to clinical improvement and reduced the
likelihood for mechanical ventilation compared with placebo, with nonsignificant
trends toward improved mortality.53 However, improvement in mortality was not
identified in international, pragmatic, open-label trials and one small, placebo-
controlled trial conducted in China early in the pandemic.54–56 Although most
studies evaluated 10 days of therapy, 2 studies found comparable outcomes be-
tween patients randomized to 5 days or 10 days, and thus, many centers use
shorter durations of therapy.57,58 Earlier trials excluded patients with renal and he-
patic dysfunction; however, the rate of renal and hepatic adverse events is low; ef-
fects are reversible, and observational studies support its use in these patient
populations.59 Although better data among critically ill patients would be useful,
remdesivir appears reasonable to use, much as oseltamivir is commonly used in
critically ill patients with influenza.
Janus kinase (JAK) 1 and 2 inhibit intracellular signaling pathways of cytokines,

known to be elevated in COVID-19, act against the virus, and prevent viral cellular en-
try.60–62 Baricitinib is an oral JAK 1 and 2 inhibitor, and, in combination with remdesivir,
improves outcomes of hospitalized patients compared with remdesivir alone. In a
multinational, double-blind, randomized, placebo-controlled trial, patients who
received baricitinib and remdesivir had improved time to recovery, clinical status at
15 days, and mortality. This benefit was most notable in severely ill patients requiring
high-flow nasal cannula and noninvasive ventilation.63 Although in this trial corticoste-
roids were not administered for the treatment of COVID-19, another multicenter,
double-blind, randomized, placebo-control trial found improved mortality when barici-
tinib was added to standard of care, which could include remdesivir (19% of



The Seriously Ill Patient with SARS-CoV-2 953
participants) and dexamethasone (72% of participants).64 Tofacitinib is another oral
JAK inhibitor, which has been found in a multicenter, randomized placebo-control trial
to lower risk of death or respiratory failure when given to hospitalized patients in addi-
tion to standard of care.65 Overall, it appears that tofacitinib may have similar benefit to
COVID-19 patients as baricitinib, although with the significantly smaller sample size,
the level of certainty is lower.
Immune suppression with infliximab (a tumor necrosis factor inhibitor) and abata-

cept (a T-cell activation inhibitor) shows promising results in the randomized
placebo-controlled ACTIV-1 trial. Compared with placebo, infliximab improved mor-
tality with 40.5% lower adjusted odds of dying in patients hospitalized with COVID-
19. Similarly, hospitalized patients receiving abatacept had 37.4% lower adjusted
odds of dying compared with placebo.66

Serostatus, viral load, or both may be key factors contributing to efficacy of some
therapies. Neutralizing monoclonal antibodies do not appear beneficial in “unse-
lected” hospitalized patients.8,67 However, increasing data suggest benefit in sero-
negative patients (ie, those who have not mounted their own humoral immune
response). RECOVERY found seronegative hospitalized patients who received the
REGEN-COV monoclonal antibody combination (casirivmab 4 g intravenously [IV]
and imdevimab 4 g IV) plus usual care had improved mortality. This benefit was not
seen in seropositive hospitalized patients.68 Similarly, the ACTIV-3 bamlanivimab
study group suggested difference in efficacy and safety of the monoclonal antibody
bamlanivimab depending on serostatus and viral load, although the sample size
was too small for definitive conclusions.8 Based on available evidence, it seems
wise to avoid administration of neutralizing monoclonal antibodies to seropositive in-
patients. Where testing of serology is difficult to perform in a timely fashion, it may be
difficult to administer such agents; valid point-of-care tests are an urgent priority.
Hypercoagulability together with severe inflammation related to COVID-19 infection

is thought to contribute to multiorgan failure and death.69 Thrombotic events are
commonly reported in critically ill patients with COVID-19. Incidence ranges from
about 22% to 60% in ICU patients, often despite use of standard prophylactic antico-
agulation.70–72 It is prudent to have a low threshold for evaluation for venous thrombo-
embolism. Given the association of increased thrombotic risk in COVID-19, some early
guidance recommended higher-dose anticoagulation for critically ill patients,73

despite a lack of evidence at the time. A multiplatform, randomized clinical trial in hos-
pitalized patients with COVID-19 compared therapeutic-dose heparin anticoagulation
with usual care thromboprophylaxis. In noncritically ill patients, full-dose anticoagula-
tion met its endpoint of more organ-support–free days, largely owing to a decrease in
the use of HFNO.74 However, full-dose anticoagulation was associated with a high
likelihood of increased harm among critically ill patients receiving organ support.75

In addition, intermediate-dose prophylaxis did not result in improved outcomes
compared with standard-dose prophylaxis.76 Therefore, based on the available evi-
dence, standard thromboprophylaxis with diagnostic vigilance, rather than full-dose
or intermediate-dose anticoagulation, should be used in critically ill patients with organ
failure.
Limitations of all published studies include the constantly changing viral and thera-

peutic contexts of the pandemic, leading to a constantly changing standard of care
(especially around immune suppression); limited data for most therapies in vaccinated
patients; and a paucity of data for the most recent variants. Data suggest remdesivir
maintains activity against Delta and Omicron77; however, as clinical disease varies, so
may clinical effectiveness. Immunosuppressive agents are likely to remain effective
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across various strains; however, patient selection will remain critical to realize the
intended benefits.

CRITICAL SHORTAGES

The COVID-19 pandemic has exposed critical supply shortages worldwide with a
large influx of high-acuity patients requiring intensive care. The disruption in staff,
equipment, and space contributes to complex interactions affecting patient care
and outcomes.78 Capacity strain includes patient census and volume, turnover, acu-
ity, and workload.78 Care of the critically ill patient requires a multidisciplinary team of
clinicians, which can be challenging to replicate outside of traditional ICU settings
when space becomes limited. Observational studies have demonstrated a relation-
ship between strain on ICU resources and ICU patient outcomes. This can come in
the form of ICU triage decisions,79,80 adherence to guidelines,81 timing of end-of-life
discussions,82 and mortality.83 Despite the detrimental impact of strain and resource
limitation, a counter-phenomenon is seen in the form of adaptation, whereby care and
outcomes of patients improve over time through real-time learning.78 This has been
observed during the COVID-19 pandemic with decline in mortality over time, although
population immunity and improved treatments also played a role in decreasing mortal-
ity over time.84–86 As disruptions in availability of personnel, supplies, and space
continue, health care systems will continue to find ways to mitigate the impact of ca-
pacity strain on care delivery and outcomes.

COMPLICATIONS

Patients with COVID-19 are at risk for invasive fungal diseases, such as aspergillus
and mucor. COVID-19–associated pulmonary aspergillosis (CAPA) is seen in critically
ill, mechanically ventilated patients and is associated with worse patient out-
comes.87,88 The European Confederation for Medical Mycology and the International
Society for Human and Animal Mycology developed consensus criteria for the diag-
nosis of proven, probable, and possible CAPA, which relies on a combination of micro-
biology, imaging, and clinical data.89 Of note, serum galactomannan alone is not
reliable owing to low sensitivity, and radiographic imaging alone is not sufficient
even in the presence of a halo sign. Recommended first-line treatment is either vori-
conazole or isavuconazole, with liposomal amphotericin B reserved for those with
contraindications, poor response, or azole-resistant strains.
Another rare, poorly understood phenomenon is multisystem inflammatory syn-

drome in adults (MIS-A). Similar to multisystem inflammatory syndrome in children
(MIS-C), key features include recent COVID-19 infection, often after a period of recov-
ery; elevated inflammatory markers; and multisystem end-organ damage. Although
differentiating betweenMIS-A and a biphasic presentation of acute COVID-19 remains
a challenge, the Centers for Disease Control and Prevention (CDC) has developed
diagnostic criteria.90 The CDC’s definition of MIS-A requires a fever plus rash with
nonpurulent conjunctivitis or severe cardiac illness with additional clinical and labora-
tory criteria within the first 3 days of hospitalization. Patel and colleagues91 have pub-
lished the largest case series to date (>200 patients with MIS-A), of which more than
half were admitted to the ICU and received vasoactive medication for severe hypoten-
sion. No clear treatment recommendations have been established in adults, but given
the similarities with MIS-C, treatment recommendations by the American College of
Rheumatology for MIS-C are often used, which includes IV immunoglobulin plus cor-
ticosteroids as the backbone with intensification of immunomodulatory treatments,
such as anakinra and infliximab, for poor responders.92
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SUMMARY

Since the beginning of the pandemic, COVID-19 treatment approaches have evolved
substantially. Current standard of care for the COVID-19 patient in the ICU includes
corticosteroids with or without remdesivir and secondary immunosuppression, in
addition to high-quality supportive care. As scientific knowledge continues to grow,
care of the critically ill patient with COVID-19 will continue to improve and evolve.
Although there is still much to be learned about the optimal use of supportive care
and COVID-19–specific therapies, it is a testament to modern medicine and the
hard work of investigators around the world that treatment options are available.

CLINICS CARE POINTS
� COVID-19 therapies include virologic and immunologic therapies with anti-viral medications
having most therapeutic impactful earlier in the course of illness. Glucocorticoids are an
important immunologic therapy targeting inflammatory organ injury.

� Established acute respiratory distress syndrome therapies including lung protective
ventilator management strategies, fluid management and prone positioning are
important interventions.

� Based on available evidence, standard dose thromboprophylaxis, rather than full-dose or
intermediate-dose anticoagulation, should be used along with diagnostic vigilance in
critically ill patients with organ failure.
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