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Purpose of review

Currently, there is no cure for SARS-CoV-2 infection, yet hospital mortality rates for COVID-19 have
improved over the course of the pandemic and may be due in part to improved supportive care in the ICU.
This review highlights the evidence for and against various ICU supportive therapies for the treatment of
critically ill patients with COVID-19.

Recent findings

Early in the pandemic, there was great interest in novel ICU supportive care, both for the benefit of the
patient, and the safety of clinicians. With a few exceptions (e.g. prone ventilation of nonintubated
patients), clinicians abandoned most of these approaches (e.g. early intubation, avoidance of high flow or
noninvasive ventilation). Standard critical care measures, especially for the treatment of severe viral
respiratory infection including acute respiratory distress syndrome (ARDS) were applied to patients with
COVID-19 with apparent success.

Summary

In general, the COVID-19 pandemic reaffirmed the benefits of standard supportive care for respiratory
failure and in particular, recent advances in ARDS treatment. Prone ventilation of nonintubated patients, an
approach that was adopted early in the pandemic, is associated with improvement in oxygenation, but its
impact on clinical outcome remains unclear. Otherwise, prone mechanical ventilation and avoidance of
excessive tidal volumes, conservative fluid management, antibiotic stewardship and early evaluation for
extracorporeal membrane oxygenation (ECMO) – basic tenants of severe respiratory infections and ARDS
care – remain at the core of management of patients with severe COVID-19.

Keywords

mechanical ventilation, prone ventilation, severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 2),
supportive care
INTRODUCTION March 2020 and 27 June 2020. The other study
Division of Pulmonary, Critical Care and Sleep Medicine, Department of
Medicine, University of California, San Diego, La Jolla, California, USA

Correspondence to Daniel A. Sweeney, 9300 Campus Point Drive, Mail
Code 7381, La Jolla, CA 92037-7381, USA.
E-mail: dasweeney@health.ucsd.edu

Curr Opin Crit Care 2021, 27:462–467

DOI:10.1097/MCC.0000000000000863
In hospital and in particular ICU, mortality rates for
patients with COVID-19 declined over the course of
the pandemic [1,2,3

&

,4]. Conceptually, this improve-
ment in clinical outcomes may be a function of
differences in patient characteristics, treatment and
hospital system factors, or viral mutations.

CHANGES IN PATIENT CHARACTERISTICS
DO NOT EXPLAIN THE IMPROVEMENT IN
THE MORTALITY RATE

Two large retrospective studies addressed the ques-
tion of whether shifting patient demographics
including comorbidity burden could explain the
improved survival rates for critically ill patients with
COVID-19. One study led by Dennis et al. included
21 082 patients in England admitted between 1
 2021 Wolters Kluwer H
performed by Doidge and colleagues included
10 741 patients in England, Wales and Northern
Ireland from 1 February 2020 to 31 July 2020. Both
studies showed a similar improvement in mortality
over the respective study time periods, before and
after adjusting for baseline factors including age and
comorbidities (mortality improvement after adjust-
ing for risk factors of 8.9 and 11.2%, respectively).
ealth, Inc. All rights reserved.
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KEY POINTS

� Improvement in ICU supportive care over the course of
the pandemic has likely contributed to a decline in
mortality among hospitalized patients with COVID-19.

� Some supportive measures that were promoted during
the pandemic (prone ventilation for nonintubated
patients) may be beneficial whereas others (early
intubation and avoidance of high-flow oxygen) proved
either nonbeneficial or possibly harmful.

� Novel supportive measures, such as early intubation
and avoidance of high-flow oxygen therapy proved
either nonbeneficial or possibly harmful and have been
abandoned. Prone ventilation for nonintubated patients
continues to be administered despite lack of evidence
of clinical benefit beyond improvement in oxygenation.

� Like other severe viral respiratory infections, standard
critical care supportive measures and strategies for
ARDS should be employed in the treatment of patients
with severe COVID-19, including lung protective
ventilation, prone ventilation, judicious use of empiric
antibiotics, attentive fluid management, and early
referral of select patients for ECMO.
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MORTALITY RATE IMPROVED
INDEPENDENTLY OF CHANGES IN
HOSPITAL CAPACITY

Historically, hospital capacity strain has been shown
to be associated with increased inpatient mortality
and a similar effect was noted during the COVID-19
pandemic [5]. In a cohort study of 3143 critically ill
patients admitted to 88 hospitals, the mortality risk
was nearly two-fold higher [1.94, 95% confidence
interval (CI) 1.46–2.59] during peak periods of ICU
demand [6

&

]. However, the mortality improvement
over the course of the pandemic is likely unrelated
to hospital capacity strain. In the study by Doidge
and colleagues, analysis was stratified by time period
(prepeak, peak, and postpeak periods) and the
adjusted mortality improvement (11.2%) was noted
when comparing patients from the prepeak and
postpeak periods, thus excluding any hospital pro-
cess effect that could have occurred during the time
period of peak ICU admissions.

IMPROVEMENT IN ICU MORTALITY FOR
PATIENTS WITH CORONAVIRUS DISEASE
2019 OCCURRED BEFORE
DEXAMETHASONE AND REMDESIVIR
THERAPY BECAME WIDELY PRESCRIBED

The Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial began recruiting patients in the
United Kingdom (UK) in April 2020 and the prelimi-
nary results of the beneficial effect of dexamethasone
 Copyright © 2021 Wolters Kluwe
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were not released until 16 June 2021 [7]. Although
both studies involved patients from the UK, the trial
by Dennis et al. did not include patients after 27 June
2020, whereas Doidge and colleagues report that
their analysis involved ‘few’ patients who were
admitted after the announcement of the RECOVERY
trial results. In terms of remdesivir, the drug was
approved for use in the UK by The Medicine and
Healthcare productsRegulatoryAgency on26 May26
2020 but was approved for limited use and is also
unlikely to explain the improved mortality seen in
these two UK-based studies [8].
THERE IS NO EVIDENCE THAT VIRAL
MUTATIONS LED TO IMPROVED
OUTCOMES OVER THE COURSE OF THE
PANDEMIC

SARS-CoV-2 is an RNA virus, which is naturally
prone to having a high mutation rate. Most of these
mutations are inconsequential – neither making the
virus more pathogenic or more contagious. Since
being established in April 2020, The COVID-19
genomics UK (COG-UK) consortium has been per-
forming random genetic sequencing testing of posi-
tive samples in the UK. It was not until December,
2020– and after more than 100 000 viral genomes
were sequenced – that the more transmissible B1.1.7
variant was identified in the UK [9]. Thus, it is
unlikely that the SARS-CoV-2 genome changed sig-
nificantly in the UK between February and July 2020
during which time the ICU mortality rates for
patients with COVID-19 improved.
WHICH SUPPORTIVE ICU THERAPIES FOR
THE TREATMENT OF CORONAVIRUS
DISEASE 2019 ARE RESPONSIBLE FOR
THE IMPROVED SURVIVAL RATES?

In the near absence of randomized, placebo-con-
trolled trials, it is nearly impossible to identify
exactly which individual therapies or practices are
responsible for the improved clinical outcomes.
Undoubtedly, critical care practice changed over
the course of the pandemic. Early in the pandemic,
much of the clinical decision-making was impacted
by the potential unique characteristics of SARS-CoV-
2 infection, a lack of understanding of transmission
and the threat of outbreaks in the healthcare setting.
Over time, similarities, rather than differences
between COVID-19 and other more common respi-
ratory viral illnesses, became more apparent, and
thus there was a recommitment to high-quality
critical care therapies for the treatment of severe
viral pneumonia and ARDS. With few exceptions,
we will detail how traditional critical therapies and
r Health, Inc. All rights reserved.
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approaches to hypoxic respiratory failure likely con-
tributed to the overall improved survival rate
amongst critically ill patients with COVID-19.
ABANDONMENT OF AN EARLY
INTUBATION APPROACH TO PATIENTS
WITH CORONAVIRUS DISEASE 2019;
RETURN OF PREPANDEMIC CLINICAL
JUDGEMENT TO DECIDE ON TIMING OF
INTUBATION

At the beginning of the pandemic, many hospitals
adopted a strategy of early intubation of patients
with COVID-19 [10]. These policies were mostly
born out the fear that high-flow nasal cannula
would aerosolize SARS-CoV-2 and place healthcare
workers at risk of infection [11]. In addition, experts
initially argued that SARS-CoV-2 pneumonia was a
unique viral pneumonia and advocated that early
intubation would also prevent the theoretical risk of
patient self-inflicted lung injury (PSILI) in select
cases [12

&

]. Over the course of the pandemic, guide-
lines shifted and epidemiological data suggested
that an early intubation approach was replaced with
traditional clinical judgement. Doidge et al. [3

&

]
described this trend when they compared patients
with COVID-19 from the prepeak period (1 February
2021 to 28 March 2021), to post postpeak period (13
April to 31 July 2021). Compared with prepeak
patients, patients in the postpeak period had a lower
median PaO2/FIO2 ratio (�9.3, 95% CI�13.3 to 5.3),
yet they were less likely to be treated with mechani-
cal ventilation in the first 24 h of being admitted to
the ICU (�32.7%, 95% CI �35.1 to �30.3%). It is
also telling that the use of renal replacement therapy
was employed less postpeak versus prepeak time
periods (�8.4%, 95% CI �10.7 to �6.1%). Mechani-
cal ventilation increases a patient’s risk for acute
kidney injury and the combination of mechanical
ventilation and renal replacement therapy has been
previously shown to increase mortality in critically
ill patients [13]. Thus, the observed, unadjusted
mortality improvement postpeak versus prepeak
period (�10.0%, 95% CI �12.5 to �7.5%), may be
due, in part, to clinicians reverting to the prepan-
demic approach to deciding whether a patient with
a viral pneumonia and hypoxemia should be intu-
bated [3

&

,14
&

]. Another retrospective study by
Dupuis et al. [15] supports the assertion that early
intubation may have resulted in increased mortality
among critically ill patients with COVID-19; instead
of renal failure as a possible cause, the authors note
an association between secondary infections and
early intubation. Analysis of 245 patients in 11 ICUs
in France demonstrated that in cases of ICU-
acquired pneumonia, bacteremia was significantly
 Copyright © 2021 Wolters Kluwer H

464 www.co-criticalcare.com
higher among patients with COVID-19 who were
intubated early (defined as occurring during the first
two calendar days of their ICU stay); moreover, a
weighted model showed that early intubated
patients had an increased 60-day mortality risk
(hazard ratio 1.74, 95% CI 1.07–2.83).
EARLIER RECOGNITION OF ACUTE
RESPIRATORY DISTRESS SYNDROME
AND MORE WIDESPREAD USE OF
EVIDENCE-BASED VENTILATORY
STRATEGIES FOR THE TREATMENT OF
SEVERE CORONAVIRUS DISEASE 2019
RESPIRATORY FAILURE

Prior to the SARS-CoV-2 pandemic, evidence-based
guidelines and expert opinion recommended a
number of supportive interventions for the treat-
ment of severe respiratory failure and ARDS, includ-
ing lung protective ventilation, prone ventilation,
conservative fluid management, and to a lesser
degree, open lung ventilation, minimizing driving
pressure, neuromuscular blockade, and early referral
for extracorporeal membrane oxygenation (ECMO)
in the setting of refractory hypoxemia [16,17].

Nonetheless, prepandemic observational stud-
ies revealed that ARDS remained underrecognized
and compliance with accepted treatment strategies
were not uniformly adopted. In a prospective study
involving 459 ICUs in 50 countries, it was noted that
severe ARDS was recognized in 78.5% (95% CI 44.8–
81.8%) of cases and that prone ventilation, a therapy
shown in the Prone Positioning on Mortality in
Patients with Severe and Persistent Acute Respira-
tory Distress Syndrome (PROSEVA) Trial to have a
mortality benefit, was only administered in 16.3%
(95% CI 13.7–19.2%) of these patients [18,19]. Early
in the SARS-CoV-2 pandemic, deliberation amongst
clinicians regarding whether COVID-19 pneumonia
was associated with an ‘atypical’ ARDS may have
further obfuscated the urgency to apply standard
ARDS ventilatory strategies [20]. Overall, the appli-
cation of ARDS ventilatory therapies during the
pandemic, including prone mechanical ventilation,
eventually surpassed historic rates in numerous
reports. A retrospective multicenter study from Italy
involving patients admitted between 24 February
and 14 July 2020 revealed that 77% of patients with
COVID-19 and severe ARDS underwent prone ven-
tilation [21]. As the pandemic progressed, it is likely
that inexperience with prone ventilation – a recog-
nized barrier to its use – has been replaced with
expertise and thus broader application of this ther-
apy [22]. In another natural history study of the
management of 633 patients in the UK with COVID-
19 the application of prone positioning, along with
ealth, Inc. All rights reserved.

Volume 27 � Number 5 � October 2021



COVID-19 respiratory failure Sweeney and Malhotra
higher positive end-expiratory pressure (PEEP) and
the use of neuromuscular blockade increased signif-
icantly over the time course of the study (1–26
March 2020 versus 27 March to 9 April 2020).
Whether broader application of standard ARDS
respiratory supportive therapy resulted in improved
outcomes over the course of the pandemic remains
unproven but the overall mortality of 43.3%
observed in this study (in the setting of only 50%
of patients receiving prone ventilation) was higher
compared with other studies in which prone venti-
lation was applied in more than 70% of patients
with COVID-19 [23].
ANTIMICROBIAL STEWARDSHIP,
JUDICIOUS FLUID MANAGEMENT, AND
EXTRACORPOREAL MEMBRANE
OXYGENATION CONSIDERATION FOR
SEVERE CASES REPRESENT ESSENTIAL
SUPPORTIVE CARE FOR PATIENTS WITH
CORONAVIRUS DISEASE 2019

Community-onset bacterial coinfections in hospi-
talized patients with COVID-19 has proven to be
exceedingly rare. In a cohort of 1705 patients hos-
pitalized with COVID-19 in 38 Michigan hospitals,
the rate of confirmed community-onset coinfec-
tions was 3.5% yet the majority (56.6%) of patients
were prescribed empiric antibiotics [24]. However,
once hospitalized, patients with COVID-19 fre-
quently suffered from hospital-acquired infections
(HAIs). In a study of 774 patients admitted to 8
Italian hospitals between 20 February 2020 and 20
May 2020, 46% of patients were diagnosed with a
HAI, with empiric broad spectrum antibiotics pre-
scribed at the time of admission being a risk factor
for acquisition of a HAI (hazard ratio 0.61, 95% CI
0.44–0.84) [25]. Although this study did not identify
steroids or immunomodulator therapy as a risk fac-
tor for HAIs, other studies have shown both
therapies to be both associated with an increased
risk of bacterial and fungal HIAs. This pattern of
excessive antibiotic use at the onset of admission
followed by immune modulating treatments and
subsequent increased risk for HAIs, is one in
which antimicrobial stewardship can be most
helpful at multiple points during a patient’s hospital
stay. Indeed, an antimicrobial stewardship
intervention aimed at reducing unnecessary
empiric antibiotic use in patients admitted with a
diagnosis of COVID-19 resulted in a 32.5% absolute
reduction in antibiotic prescriptions [26]. In
this single-center study of 506 patients, the steward-
ship intervention did not impact clinical outcomes,
which suggests a lack of harm with reduced
antibiotic use.
 Copyright © 2021 Wolters Kluwe
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Although not yet systematically studied, optimal
fluid management strategies for patients with severe
COVID-19 are likely to mirror current approaches for
critically ill patients suffering from viral respiratory
failure. For example, in the minority of cases in which
patients with COVID-19 develop septic shock, cur-
rent COVID-19 guidelines recommend resuscitation
with fluids and vasoactive agents guided by dynamic
measures in a similar manner to sepsis caused by
other infectious agents [27,28]. In patients with
COVID-19 and ARDS, it is advantageous to avoid
pulmonary edema, and thus a conservative fluid
management approach is recommended. Fluid status
is particularly challenging to predict in patients with
COVID-19 as it will vary depending upon comorbid-
ities, when in the course of their viral illness they
present, and with what predominant symptoms. For
example, a patient presenting with several days of
malaise and gastrointestinal symptoms may be hypo-
volemic, whereas a patient with concomitant coro-
nary artery disease may be relatively hypervolemic
and require early diuresis. Thus, judicious fluid man-
agement, guided by dynamic measures and further
aided by point-of-care ultrasound, is a key compo-
nent of COVID-19 supportive care.

Despite limited supportive data from the pan-
demic, ECMO is recommended by several expert
guideline committees for the treatment of severe
COVID-19 and ARDS refractory to conventional
therapies including lung protective ventilation
and prone ventilation therapies [27,29]. A meta-
analysis of four studies from China conducted early
in the SARS-CoV-2 pandemic showed no difference
in mortality when comparing ECMO versus conven-
tional therapy (94.1 vs. 70.9%, respectively; odds
ratio 2.00, 95% CI 0.49–8.16), thus leading to con-
cerns that ECMO may not be beneficial in the
treatment of severe COVID-19 [30]. However, there
are limitations to this analysis, including an
extremely high mortality rate in the conventional
therapy arm and the relatively small number of
patients who received ECMO therapy across the 4
studies (17 of the 234 total patients). More recently,
analysis of a data from the Extracorporeal Life Sup-
port Organization (ELSO) Registry, including 1035
patients with COVID-19, most of whom were diag-
nosed with ARDS, revealed an estimated in-hospital
mortality 90 days after ECMO initiation of 37.4%
(95% CI 34.4–40.4) [31

&

]. This mortality rate is
remarkably similar to the 60-day mortality rate
(35%) of patients with ARDS who were treated in
the largest randomized controlled trial to date of
ECMO for ARDS, the ECMO to Rescue Lung Injury in
Severe ARDS (EOLIA) trial [32]. Although the role of
ECMO in patient management is controversial, the
prevailing opinion, largely based on the EOLIA trail
r Health, Inc. All rights reserved.
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results, is that ECMO should be considered in select
patients with ARDS, and thus should be offered to
patients with ARDS secondary to COVID-19. Decid-
ing, which patients, refractory to conventional
ARDS treatment, will benefit from ECMO is crucial.
At this time, the ELSO COVID-19 interim patient
selection guidelines for ECMO are based on data
derived from non-COVID-19 patients [33]. Consis-
tent with these guidelines, the ELSO registry-based
COVID-19 study identified a number of risk factors
associated with increased mortality among patients
treated with ECMO, including advanced age and
chronic respiratory disease [31

&

].
NONINTUBATED PATIENS WITH
CORONAVIRUS DISEASE 2019 RECEIVING
PRONE VENTILATION DEMONSTRATE
IMPROVED OXYGENATION BUT EVIDENCE
OF CLINICAL OUTCOME BENEFIT IS
LACKING

Prone ventilation for the treatment of nonintubated
patients was sparsely studied prior to the SARS-CoV-
2 pandemic; a handful of studies, mostly conducted
in patients with pneumonia showed that prone
positioning of patients improved oxygenation
[34]. Since the onset of the pandemic, prone venti-
lation for the treatment of patients with COVID-19
has become more commonplace, due in part to the
limited capacity of healthcare systems to provide
mechanical ventilation. A preprint review and meta-
analysis (including 15 single arm studies) and a
more recent ‘rapid review’ (including 29 studies,
only 1 reported data from a control group) reveal
a potential benefit from prone ventilation for the
treatment of nonintubated patients with COVID-
19, albeit tempered by a great amount of uncertainty
[35,36]. Taken together, these reviews show that
patient oxygenation improves with prone position-
ing, but evidence of clinical benefit is lacking.
Although one retrospective study (105 patients)
reported that prone ventilation of nonintubated
patients reduced the risk of intubation (adjusted
hazard ratio, 0.30; 95% CI, 0.09–0.96), these results
have not been consistently replicated [37

&

]. And
although prone ventilation appears to be well toler-
ated, adverse events were not consistently docu-
mented across studies. Understanding the effects
of prone ventilation on nonintubated patients is
further challenged by the fact that not all patients
can tolerate prone positioning and the amount of
time in the prone position varied across studies.
Despite these shortcomings, prone ventilation of
nonintubated patients with COVID-19 is worthy
of future study considering its potential benefit,
apparent favorable safety profile and minimal cost.
 Copyright © 2021 Wolters Kluwer H
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CONCLUSION

Clinical outcomes for critically ill patients with
COVID-19 have improved over the course of the
pandemic independent of shifting patient demo-
graphics, viral variants, ICU capacity stress, or the
subsequent widespread use of therapies, such as
dexamethasone or remdesivir. Thus, the honing
of supportive critical care strategies for the treat-
ment of severe COVID-19, particularly ARDS, is
likely responsible for this observed clinical improve-
ment. Indeed, the pandemic has largely reaffirmed
widely accepted but often neglected proven thera-
pies for ARDS. The decision to intubate a patient
with COVID-19 should be based on clinical judge-
ment rather than dictated by an early intubation
protocol. It is worth emphasizing that prone venti-
lation of nonintubated patients improves oxygen-
ation but meaningful clinical outcome benefit is
lacking. Instead, patients with severe COVID-19
should receive standard supportive therapies, such
as lung protective ventilation, prone ventilation,
judicious use of empiric antibiotics, attentive fluid
management and possible ECMO in select cases.
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