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, Abstract—Background: While emergency physicians
are familiar with the management of hypoxemic respiratory
failure, management of mechanical ventilation and
advanced therapies for oxygenation in the emergency
department have become essential during the coronavirus
disease 2019 (COVID-19) pandemic. Objective: We review
the current evidence on hypoxemia in COVID-19 and place
it in the context of known evidence-based management of
hypoxemic respiratory failure in the emergency depart-
ment. Discussion: COVID-19 causes mortality primarily
through the development of acute respiratory distress syn-
drome (ARDS), with hypoxemia arising from shunt, a
mismatch of ventilation and perfusion. Management of pa-
tients developing ARDS should focus on mitigating dere-
cruitment and avoiding volutrauma or barotrauma.
Conclusions: High flow nasal cannula and noninvasive pos-
itive pressure ventilation have a more limited role in
COVID-19 because of the risk of aerosolization andminimal
benefit in severe cases, but can be considered. Stable patients
who can tolerate repositioning should be placed in a prone
position while awake. Once intubated, patients should be
managed with ventilation strategies appropriate for
ARDS, including targeting lung-protective volumes and
low pressures. Increasing positive end-expiratory pressure
can be beneficial. Inhaled pulmonary vasodilators do not
decrease mortality but may be given to improve refractory
hypoxemia. Prone positioning of intubated patients is associ-
ated with a mortality reduction in ARDS and can be consid-
ered for patients with persistent hypoxemia. Neuromuscular
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blockade should also be administered in patients who
remain dyssynchronous with the ventilator despite adequate
sedation. Finally, patients with refractory severe hypoxemic
respiratory failure in COVID-19 should be considered for
venovenous extracorporeal membrane oxygenation. �
2020 Elsevier Inc. All rights reserved.
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CLINICAL SCENARIO

A 68-year-old man with a history of hypertension,
obesity, and non–insulin dependent diabetes presents to
the emergency department (ED) complaining of a 5-day
history of cough with intermittent fevers, and he is now
experiencing difficulty breathing since the morning of
presentation. He lives with multiple members of his
extended family in a 2-bedroom apartment, and 3 of his
family members have had similar symptoms for the
past week. On examination, he can speak in full sentences
but is tachypneic with apparent use of accessory muscles
and increased work of breathing. His vitals are as follows:
temperature of 100.9�F, heart rate of 107 beats/min, blood
pressure 162/98 mm Hg, and oxygen saturation of 78%
on room air. After nasal cannula of 6 L oxygen is applied,
his oxygen saturation improves to 92% and his work of
breathing lessens, but he remains tachypneic. A chest
radiograph reveals bilateral patchy infiltrates. Over the
ber 2020;
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next few hours, his tachypnea does not improve and his
oxygenation worsens until his oxygen saturation is 88%
despite 10 L of oxygen on a nonrebreather mask. A nasal
swab is positive for severe acute respiratory syndrome co-
ronavirus 2. What are the appropriate next steps in man-
agement?

INTRODUCTION

Although management of mechanical ventilation has not
been a traditionally significant part of emergency medi-
cine practice, it is gaining increased value in emergency
medicine (1–3). With the recent outbreak of
coronavirus disease 2019 (COVID-19) and the
anticipated need for more frequent and longer
mechanical ventilation of patients in the emergency
department (ED), appreciating the management of
severe hypoxemic respiratory failure has taken on
heightened importance for emergency physicians.

We do not yet have detailed studies of ventilator man-
agement in COVID-19; however, appropriate manage-
ment of mechanical ventilation in the ED is associated
with improved outcomes (4,5). The most common severe
complication of COVID-19 appears to be severe hypox-
emic respiratory failure from acute respiratory distress
syndrome (ARDS) (6–8). Mortality in ARDS is
strongly impacted by lung-protective ventilation (9).
Nevertheless, many patients continue to receive subopti-
mal management. A recent multicentric international
observational study of intensive care units (ICUs) from
50 countries found that ARDS is often unrecognized
and fewer than two-thirds of patients received appropriate
ventilation (10). As such, opportunities remain for emer-
gency physicians to optimize the early management of se-
vere hypoxemia and ARDS, especially in the critical time
of an ARDS pandemic.

METHODS

The search strategy for narrative review involved a
PubMed search using combinations of keywords
including ‘‘COVID-19,’’ ‘‘COVID,’’ or ‘‘coronavirus’’
and concepts related to acute hypoxemic respiratory fail-
ure, including ‘‘acute respiratory distress syndrome,’’
‘‘ARDS,’’ ‘‘hypoxemia,’’ ‘‘thrombosis,’’ ‘‘thromboembo-
lism,’’ ‘‘noninvasive ventilation,’’ ‘‘high flow oxygen,’’
‘‘high flow nasal cannula,’’ ‘‘positive end expiratory pres-
sure,’’ ‘‘mechanical ventilation,’’ ‘‘ventilator-induced
lung injury,’’ ‘‘neuromuscular blockade,’’ ‘‘cisatracu-
rium,’’ ‘‘recruitment,’’ ‘‘prone position,’’ ‘‘awake prone,’’
‘‘inhaled epoprostenol,’’ ‘‘inhaled nitric oxide,’’ ‘‘fraction
of inspired oxygen,’’ ‘‘hyperoxia,’’ ‘‘steroids,’’ ‘‘dexa-
methasone,’’ and ‘‘ECMO.’’ The original search was con-
ducted between April 15 and May 8, 2020, and was
updated on November 1, 2020, with no restrictions on
publication dates. Titles and abstracts were reviewed by
the authors for inclusion. We also reviewed the reference
lists of included papers for relevant articles and included
articles from searches of the authors’ personal files. We
excluded articles that were not published in English.

The data for the management of acute hypoxemic res-
piratory failure in the setting of COVID-19 have signifi-
cant limitations because the virus is novel, guidelines
and recommendations are rapidly changing, and some
incomplete data have been published. As such, many of
the COVID-19–specific recommendations are based
upon observational studies, case series, and expert
opinion. The most evidence-based recommendations
drawing heavily upon the existing literature for ARDS
and are not specific to patients with COVID-19 (11).
DISCUSSION

Physiology of Hypoxemia in COVID-19

The pathophysiology of COVID-19 is the subject of
intense ongoing research, and several key discussions
have emerged. An early observation during the pandemic
is that patients with COVID-19 who are in severe hypox-
emic respiratory failure meet the Berlin criteria for ARDS
(12). Patients with COVID-19–associated respiratory
failure present with a spectrum of disease, leading to
doubts that ARDS is the underlying pathophysiology of
the severe form. An early letter to the editor noted that
in 16 patients, the shunt fraction was disproportionately
low compared with the compliance (13). However, the
compliance in that letter, 50.2 6 14.3 mL/cm H2O, is
not substantially different than the compliance in earlier
works on ARDS (14). The compliance noted in other re-
ports of patients with COVID-19 (15) also aligns with re-
ported values in ARDS (16), and direct comparisons of
patients with and without COVID-19 ARDS have found
similar pulmonary mechanics (17). While some studies
have found the compliance to be slightly higher in
COVID-19 ARDS, the differences are not clinically sig-
nificant (18). Editorials have hypothesized that COVID-
19 ARDS is notable for 2 phenotypes (19). However,
different subphenotypes of ARDS have long been recog-
nized, indicating that this is not a new or unique finding
(11,20–22).

Autopsies of patients with COVID-19 associated hyp-
oxemic respiratory failure reveal diffuse alveolar dam-
age, the underlying pathology in ARDS (23–26). The
diffuse alveolar damage seen in COVID-19 is not
different from other causes, further supporting the
contention that COVID-19 ARDS should be managed
similarly to other causes of ARDS (25,27).



Figure 1. Computed tomography scan showing diffuse
ground glass and scattered dense consolidation in a patient
with COVID-19 pneumonia.
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Hypoxemia in ARDS arises through a mismatch be-
tween ventilation and perfusion, predominantly caused
by shunt (13,19,28). A shunt refers to a portion of the
blood bypassing gas exchange mechanisms and not
receiving oxygen (29). Shunts commonly occur with pa-
thologies rendering lung units ineffective for gas ex-
change, such as with edema, pneumonia, or atelectasis.
Many etiologies of hypoxemic respiratory failure result
in substantial heterogeneity of the lungs (30), with areas
that are minimally involved and thus effective and others
that are severely consolidated, atelectatic, or edematous
(30,31). Patients with ARDS have been shown to have
heterogeneity of lung parenchyma, correlating with the
severity of ARDS, the physiologic dead space, and mor-
tality (32). As noted in the above-referenced research let-
ter, patients with COVID-19 may have a shunt fraction
disproportionate to their other pulmonary mechanics
(13). Patients often present with diffuse ground glass
opacities on chest computed tomography (CT) scans
(Figure 1), indicating ineffective lung units, with evi-
dence of disproportionate blood flow, indicating shunt
as a major cause of the hypoxemia (33).

The pathophysiology of all ARDS includes micro-
thrombi and macrothrombi formation in the pulmonary
vasculature (34). Similarly, COVID-19 critical illness is
associated with a hypercoagulable state and clinical and
histopathologic data have confirmed microthromboem-
bolic disease and associated decreases in pulmonary
perfusion in patients with COVID-19 (23,25,26,35,36).
The degree of microthrombi in COVID-19 specimens is
greater than patients with ARDS from other etiologies,
but the clinical implications are unclear (25,26).

When atelectasis occurs on a large scale, it results in
the functional closure of lung units, leading to derecruit-
ment (37). Derecruitment produces a large shunt and is a
common cause of hypoxemia. Edematous lungs are at
particular high risk of derecruitment, and this appears
to be a driving factor for the severe hypoxemia seen in
some patients with COVID-19 (18). When a patient pre-
sents to the ED in respiratory distress, he or she is often
sitting upright, using accessory muscles to maintain
adequate negative intrathoracic pressure, and thereby
stenting open the distal airways. When the patient is
laid down and relaxed for rapid sequence intubation,
the pressure from the chest wall, intra-abdominal con-
tents, and even the weight of the lungs themselves can
lead to worsening derecruitment (38). Consequently,
lying patients flat before intubation can lead to rapid de-
saturation (39).

Mortality from ARDS is caused by multiorgan system
failure rather than from the hypoxemia itself (40). This is
because ARDS is a syndrome of diffuse inflammatory
response, akin to sepsis, with effects extending far
beyond the lungs. The treatments used for ARDS in de-
cades past, including large tidal volume ventilation, led
to damage to alveoli from barotrauma and volutrauma
with subsequent cytokine release (41). While larger tidal
volumes may temporarily improve oxygenation by
increasing the mean airway pressure, the increased
inflammation leads to increased mortality. A substantial
body of literature has shown that lung-protective ventila-
tion with lower tidal volumes and pressures are strongly
associated with improved outcomes in patients with and
without ARDS (4,9,42).

Noninvasive Management of Hypoxemic Respiratory
Failure in COVID-19

Early management of patients with COVID-19 who pre-
sent with hypoxemia includes proning nonintubated pa-
tients, or ‘‘awake proning.’’ The posterior surface of the
lungs is larger than the anterior surface. Putting the pa-
tient in the prone position minimizes the derecruitment
on this large surface area and thus improves ventilation
and perfusion in the posterior aspect of the lungs
(43,44). Proning also changes the mechanics of the rib
movement, with more equal distribution of aeration
throughout the lungs. Although relatively small in surface
area, lifting the heart off the lungs and minimizing the
derecruitment in this area can also improve oxygenation.
Growing evidence, although limited to single-center re-
ports and retrospective cohorts, suggests significant
improvement in hypoxemia in awake prone patients
(45–47). However, a recent report in the emergency
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medicine literature found no difference in intubation rates
when patients were treated with awake proning, with an
adjusted hazard ratio of 0.90 (95% confidence interval
[CI] 0.55–1.49; p = 0.69) (48). A rapid review of 35
studies of awake proning found that most reported
improved oxygenation, but 29% of the total patients ulti-
mately required intubation (49). As such, encouraging
prone positioning in stable hypoxemic patients with
COVID-19 is a reasonable strategy, but is not well-
supported by evidence. The patient’s upper body should
be supported by pillows or cushions, when possible, to
ensure their comfort and improve their ability to tolerate
the position. The patient’s respiratory status should be
closely monitored, and their oxygenation reassessed
frequently.

High-flow nasal cannula (HFNC) is an appropriate
treatment for many cases of hypoxemic respiratory fail-
ure in the ED and is associated with lower rates of intuba-
tion compared to conventional oxygen therapy (50–52).
However, the role of HFNC is limited in patients with
COVID-19. Although theWorld Health Organization rec-
ommends considering a trial of HFNC before endotra-
cheal intubation for patients with moderate to severe
hypoxemia, this recommendation has not been univer-
sally accepted (53). The advantage of such an interven-
tion is the avoidance of intubation and mechanical
ventilation by improving oxygenation and carbon dioxide
clearance (54,55). The data regarding the use of HNFC in
COVID-19 are limited. However, a small study on pa-
tients with influenza A on HFNC showed that 45%
avoided intubation, although all of the patients with se-
vere hypoxemia were eventually intubated (56). Some in-
stitutions are concerned that HFNC can aerosolize the
virus, leading to possible exposure of health careworkers,
though early evidence suggests appropriate PPE is effec-
tive in mitigating this risk (57–59). Manikin studies
suggest that the dispersal of liquid from HFNO at 60 L/
min is minimal, and significantly less than that caused
by coughing and sneezing, providing that nasal
cannulae are well fitted (60–62). A recent review of
droplet dispersal and aerosol generation in HFNC
commissioned by the World Health Organization found
mixed evidence regarding risk, with many simulations
showing no increase in spread from HFNC. Other
studies of healthy adults demonstrated greater aerosol
production and leak around the cannulae compared with
nasal prongs; no direct evidence in COVID-19 is avail-
able (63). As such, HFNC can be considered in stable pa-
tients with worsening oxygenation, but should be limited
to patients with appropriate isolation precautions (57).

Similarly, noninvasive positive pressure ventilation
(NIPPV) is a common means of respiratory support in
the ED, but its use in COVID-19 is even more limited.
NIPPV failed in 57% to 85% of patients with influenza
A H1N1–associated ARDS, and patients who failed had
higher ICUmortality than those treated with invasive me-
chanical ventilation (64,65). Subjects with a Sequential
Organ Failure Assessment score $5 had a higher risk
of NIPPV failure (odds ratio = 3.3 [95% CI 2.4–4.5])
(65). A small study on patients with COVID-19 inWuhan
found that 72% of patients treated with NIPPV died, and
the mortality rates were similarly high for those treated
with NIPPV and intubation (8). More recent studies
have shown patients with moderate-to-severe COVID-
19 ARDS may be managed successfully on NIPPValone,
but these remain limited to small retrospective cohorts
(58,66). NIPPV also aerosolizes the virus, and given the
unclear benefit to patients with hypoxemic respiratory
failure, it should not be a first-line treatment in most cir-
cumstances (57,67). Institutions should develop their own
protocols for the use of the modes of noninvasive respira-
tory support, as the modality started in the EDwill impact
the patients and clinicians throughout the hospital.

Timing of Intubation

The decision to intubate patients with COVID-19 has
been controversial, with some authors recommending
early intubation and others trialing other means of sup-
port trying to avoid intubation if possible (68–70). This
variation is largely because of early reports of high
mortality rates in ventilated patients as well as the
previously known risks of intubation and mechanical
ventilation (8,71). However, the most concerning report
from the United States, indicating an approximately
80% mortality rate for ventilated COVID-19 patients,
was published while the majority of patients were still
ventilated (71). Later studies providing more complete
outcome data had mortality rates from 17% to 36%
(72,73). A recent retrospective study of 128 patients
with COVID-19 did not find a mortality difference be-
tween patients who were intubated early or late in their
hospital course (74). With the available respiratory sup-
port measures, it is reasonable to try a stepwise approach,
monitoring oxygenation, ventilation, and work of breath-
ing, and then intubating as one would in other clinical cir-
cumstances (70).

Peri-intubation Hypoxemia

Clinicians are altering their preoxygenation strategy
before intubation to limit aerosolizing the virus. Nor-
mally, emergency medicine clinicians use flush flow ox-
ygen preoxygenation or positive pressure ventilation
with NIPPV for awake patients, or bag-valve masking
for others, to help recruit alveoli and maximize preoxyge-
nation, particularly if patients remain hypoxemic before
intubation (75–78). With COVID-19, a key goal is to



Figure 2. Demonstration of high-efficiency particulate air fil-
ter use with positive end-expiratory pressure valve and bag
ventilation.
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avoid any procedures that can aerosolize the virus, and
therefore NIPPV, bag-valve masking, and even flush
flow oxygen should be avoided if possible (57). This
makes proper patient positioning all the more important.
Preoxygenation with patients sitting up at least 45� is
helpful, as it minimizes derecruitment before intubation.
If a patient must be bag-ventilated before intubation for
hypoxemia, an exhalation high-efficiency particulate air
filter should attached between the mask and the bag (57).

A positive end-expiratory pressure (PEEP) valve is a
device attached to the exhalation port of the bag. The
valve can be adjusted to provide varying levels of
PEEP, from 5 to 20 cm H2O. After intubation, a PEEP
valve set to 10 to 15 cm H2O can mitigate the profound
hypoxemia seen in patients with COVID-19. Note that
a high-efficiency particulate air filter should also be
attached to the bag, between the endotracheal tube and
the bag (Figure 2). The patient should be placed on the
ventilator as soon as possible after intubation, while
trying to minimize aerosolizing spray when doing so.

Mechanical Ventilation in the ED

Optimizing mechanical ventilation is the most important
step in the evidence-based care of patients with severe
hypoxemia. The principles of ventilating patients with
COVID-19 are similar to all patients with ARDS (7). A
recent study on 66 mechanically ventilated patients
with COVID-19 treated with lung-protective ventilation
found a 62% extubation rate and only 16.7% ICU mortal-
ity rate, supporting these established approaches in this
patient population (72). The first maneuver is to ensure
that the patient is receiving a low tidal volume and low
pressure ventilation. Tidal volumes should be started at
6 mL/kg of predicted body weight, determined by the pa-
tient’s height and biologic sex (79).

The plateau pressure should then be checked by per-
forming an inspiratory hold on the ventilator, with a
goal pressure of <30 cm H2O (Figure 3) (55). If the
plateau pressure is >30 cm H2O, the tidal volume can
be decreased to as low as 4 mL/kg of predicted body
weight. If the plateau pressure is <25 cmH2O, and the pa-
tient continues to have significant respiratory acidosis,
the tidal volume can be increased up to a total of 8 mL/kg.

The driving pressure, or the pressure to distend alveoli,
has also been strongly correlated with outcomes in
ARDS, even in patients receiving otherwise lung-
protective ventilation (80). The driving pressure is the dif-
ference between the plateau pressure and PEEP (79).
Driving pressure should be targeted to <15 cm H2O
(55,81).

Permissive hypercapnia, or tolerance of a pH down to
7.15 to 7.20, has traditionally been proscribed to allow
lower tidal volume ventilation. While still an acceptable
approach, there are concerns that severe hypercapnia
can have deleterious effects, especially for patients with
underlying pulmonary hypertension or right ventricular
failure (82). To manage ventilation and acidosis, the res-
piratory rate can be increased up to 35 breaths/min, moni-
toring for air-trapping with faster rates.

Despite evidence that careful ventilator management
improves outcomes, few patients in the ED have venti-
lator settings changed, even with prolonged lengths of
stay in the ED (3,83–86). Clinicians should prioritize
management of the ventilation to prevent secondary
lung injury and worsening cytokine release in patients
with COVID-19.

PEEP

PEEP increases the mean airway pressure, reduces atelec-
tasis, and at higher levels, can recruit heterogeneous lung
parenchyma (14,32). PEEP can be increased by 2 to
3 cm H2O every 15 to 30 minutes while monitoring the
plateau pressure (55). A study of ventilated patients found
that higher PEEP values, ventilated with otherwise low
tidal volumes, improved oxygenation, decreased refrac-
tory hypoxemia (4.6% vs. 10.2%; relative risk
[RR] = 0.54 [95% CI 0.34–0.86]; p = 0.01) and lowered
death rates with refractory hypoxemia (4.2% vs. 8.9%;
RR = 0.56 [95% CI 0.34–0.93]; p = 0.03), although there
was no significant difference in all-cause hospital mortal-
ity or barotrauma compared with more traditional low
tidal volume–protocolized ventilation strategy (87).

In patients with severe hypoxemic respiratory failure,
though, more PEEP is not always a better option. Using
too much PEEP may also overexpand the good portions



Figure 3. An inspiratory holdmaneuver on a ventilator, showing a peak inspiratory pressure of 35 cmH2O and a plateau pressure
of 32 cm H2O, on a tidal volume of 330 mL and 18 cm H2O of positive end-expiratory pressure.
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of the lung and decrease blood flow to these areas, which
then shunts blood flow to the ineffective lung units (88).
The PEEP should be optimized for the patient, focusing
on improved compliance, with frequent reassessment of
the patient’s oxygenation and hemodynamic status.

Conversely, because derecruitment is a major driver of
severe hypoxemia in COVID-19, clinicians should mini-
mize further derecruitment bymaintaining PEEP (37). By
expert consensus, if a patient requires changing from one
ventilator to another, such as when being placed on a
travel ventilator, the end of the endotracheal tube should
be clamped with a Kelly clamp to prevent release of pres-
sure and minimize aerosolization. Similarly, unless the
clinicians have strong reason to believe mucus plugs are
an etiology of the hypoxemia, suctioning should be mini-
mized to prevent worsening of derecruitment.

Decreasing Fraction of Inspired Oxygen

Decreasing the fraction of inspired oxygen (FiO2) is not
commonly considered part of the treatment for severe re-
fractory hypoxemic respiratory failure in the ED. Pro-
spective observational evidence shows that emergency
physicians rarely decrease the FiO2, even when the pa-
tient has hyperoxia, defined as a PaO2 a >300 (85). How-
ever, evidence continues to grow for the risks of
hyperoxygenation (89). An observational cohort study
conducted in the ED and ICUs of an academic center
categorized patients into 3 oxygen exposure groups based
on PaO2 values: hypoxia, normoxia, and hyperoxia
(defined as PaO2 <60 mm Hg, PaO2 60–120 mm Hg,
and PaO2 >120 mm Hg). Hyperoxia in the ED was an in-
dependent predictor of hospital mortality, with an
adjusted OR of 1.95 (95% CI 1.34–2.85) in a multivariate
logistic regression analysis (90). It is therefore appro-
priate for emergency physicians to actively attempt to
decrease the FiO2 while monitoring the patient’s oxygen
saturation and checking$1 arterial blood gas in the ED in
patients with COVID-19.

Neuromuscular Blockade

The role of neuromuscular blockade (NMB) in ARDS has
evolved over the last few years. Early administration of
NMB with cisatracurium has been shown to improve res-
piratory system compliance and oxygenation (91,92). In
fact, a randomized, placebo-controlled trial of early cisa-
tracurium in patients with ARDS showed a reduction in
adjusted 90-day mortality and a decrease in the number
of ventilator days in those treated (93).

However, a much larger randomized controlled trial of
NMB in 1006 patients found no difference in 90-day mor-
tality (42.5% in the intervention group vs. 42.8% in the
control group) (94). As such, NMB has no evidence of
benefit or of harm. NMB has been shown to prevent venti-
lator dyssynchrony from breath stacking, thereby
reducing the risk of additional ventilator-associated
lung injury and allowing lung-protective ventilation
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(95). In the subset of patients who are well-sedated yet
remain dyssynchronous with the ventilator, NMB should
be given.

Recruitment Maneuvers

Given that derecruitment is a major driver of hypoxemia,
attempts to recruit compressed lung segments may be
appropriate in refractory hypoxemia (37,96). With the
heterogeneity of ARDS, patients vary in their recruitabl-
ity, and a similar variation is seen with patients with
COVID-19 (19,20,22,31). A recruitment maneuver indi-
cates a gradual, sustained inflation with a moderate pres-
sure to reopen atelectatic lung units, thereby increasing
the surface area for gas exchange and improving compli-
ance. There are multiple methods for performing a
recruitment maneuver.

The risks of performing a recruitment maneuver are
threefold. Should a patient have severely stiff lungs,
even gentle and sustained pressures can lead to pneumo-
thorax, pneumomediastinum, or other barotraumas
(37,97,98). Increased intrathoracic pressure from a
recruitment maneuver can lead to decrease preload in a
patient who is hypovolemic or an increase in afterload
for the right ventricle, either of which may result in hypo-
tension. While the hypotension is not usually sustained,
in patients with borderline hemodynamics, even a tran-
sient drop in preload can be destabilizing (97,98). Lastly,
with a recruitment maneuver, the heterogeneously
aerated units may become overdistended, as they will
preferentially distend with the increased pressure. This
overdistension, as noted above, can lead to decreased
blood flow through the capillaries and shunting of blood
to the ineffective lung units. Therefore, a temporary
decrement in oxygenation may be seen with a recruitment
maneuver (98). While not usually detrimental over the
long term, if the patient is already severely hypoxemic,
worsening the oxygenation, even transiently, may lead
to further hemodynamic instability.

There have been appropriate concerns regarding the
safety of recruitment maneuvers in terms of hemody-
namics or worsening lung injury. However, it seems
that the major deleterious effects arise from the rapid
rise in pressure, as opposed to a more gentle, sustained
pressure (37,99). A 2017 study found no improvement
in patients treated with recruitment maneuvers and a sub-
sequent best PEEP trial (97). However, there were sub-
stantial limitations to this study as the peak inspiratory
pressures used for the recruitment maneuvers were
high, at 60 cm H2O, and barotrauma and hemodynamic
instability were common in this study (97).

Previous studies using more gentle recruitment ma-
neuvers have found more favorable outcomes. A small
study of incremental increases in inspiratory pressures
found that it is possible to open the lung in the majority
of patients, and the hemodynamic effects were only tran-
sient. They evaluated patients by CT scan of the chest,
finding a strong relationship between arterial oxygenation
and the percentage of derecruitment (100). A meta-
analysis of 10 randomized controlled trials found that
recruitment maneuvers were associated with in-hospital
mortality (RR = 0.84 [95 % CI 0.74–0.95]), although
the quality of evidence was considered to be low because
the recruitment maneuvers were largely performed in
conjunction with other interventions. Therewas no differ-
ence in barotrauma rates (101).

Evidence regarding recruitment maneuvers therefore
does not support routine use in all patients with hypox-
emia, especially patients at an increased risk for hemody-
namic instability. Patients in the ED are not always
mechanically ventilated nor hemodynamically stable
long enough for a maneuver before admission to the
ICU. However, in circumstances where patients stay in
the ED for a longer duration, such as when there are no
available ICU beds, prolonged mechanical ventilation
in the ED with gradual incremental increases in PEEP
should be considered in patients with COVID-19 with re-
fractory hypoxemia and derecruitment.

Prone Positioning

Prone positioning can significantly improve oxygenation
in patients with ARDS as described above and should also
be considered in intubated patients with refractory hyp-
oxemia. Older studies found a risk of complications,
including inadvertent line and endotracheal tube pulls,
which can be life threatening (102). A multicentric, ran-
domized control trial on 466 patients with severe ARDS
with a PaO2/FiO2 ratio of#150 published in 2013 found
the hazard ratio for death with prone positioning was 0.39
(95% CI 0.25–0.63) (16). A meta-analysis also found that
the subgroup with moderate to severe ARDS had
improved outcomes as well (103). As such, prone posi-
tioning is recommended for patients with COVID-19
with severe hypoxemic respiratory failure, unless there
is a specific contraindication (55,104). The challenges
of proning in the ED are substantial, and the decision to
prone in the ED should be made on the institutional level
and involve multidisciplinary training.

Inhaled Vasodilators

Inhaled pulmonary vasodilators can be useful in the man-
agement of severe hypoxemia in the ED. Pulmonary va-
sodilators, including inhaled nitric oxide and inhaled
epoprostenol, are taken up in the functional lung units
where they vasodilate the associated pulmonary vascula-
ture. This redistributes blood flow to the good lung units
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and away from poorly functioning lung units, thereby
improving oxygenation by improving V/Q matching
(105). In addition, vasodilation helps the right ventricle
by decreasing the right ventricular afterload. Right ven-
tricular dysfunction is strongly associated with poor out-
comes in ARDS (106).

A study evaluating the response to inhaled epoprostenol
assessed patients by their PaO2/FiO2 ratios, grouping them
as <60, 60–90, and >90 mmHg (107). In total, 62% of pa-
tients demonstrated a response, and the mean PaO2/FiO2

ratio increased by 33 mm Hg. The highest baseline
PaO2/FiO2 group had the greatest improvement in PaO2/
FiO2 of 51 6 63mmHg and responder rate of 82% (107).

Inhaled epoprostenol and inhaled nitric oxide have
similar efficacy and safety profiles (108). A retrospective
study found no difference in the change in the partial
pressure of arterial O2/fraction of inspired O2 ratio after
1 h of therapy (20.58 6 91.54 vs. 33.04 6 36.19;
p = 0.36) (109). However, inhaled epoprostenol is 4.5 to
17 times cheaper than inhaled nitric oxide, making it
more accessible (109).

While pulmonary vasodilators do not improve mortal-
ity, they can be beneficial in the short term, especially for
patients with hypoxemia refractory to traditional therapies
(110). Improvement in oxygenation can improve the safety
of transporting the patient to a tertiary care center, moving
the patient to the ICU, cannulating for extracorporeal
membrane oxygenation (ECMO), or even awaiting for
anticipated improvement of a reversible condition such
as pneumonia that should be amenable to antibiotics
(111,112). Inhaled pulmonary vasodilators are recommen-
ded as a rescue therapy in COVID-19 guidelines (104).

Medical Therapies for COVID-19

The preliminary results for the RECOVERY Trial, pub-
lished in July 2020, provide the most compelling data
for medical therapies for COVID-19. In this controlled
study, 2104 patients were assigned to receive dexameth-
asone and 4321 to receive usual care. The 28-day mortal-
ity rate was 22.9% in the dexamethasone group and
25.7% in the usual care group, for an age-adjusted rate ra-
tio of 0.83 (95% CI 0.75–0.93; p < 0.001). However,
among patients on mechanical ventilation, the differences
were more stark (RR = 0.64 [95% CI 0.51–0.81]). For
those on supplemental oxygen without mechanical venti-
lation, the RR was 0.82 (95% CI 0.72–0.94). As such,
dexamethasone should be prescribed to all patients with
COVID-19 requiring supplemental oxygen.

Remdesivir, an antiviral medication, has been studied
in a randomized controlled trials in COVID-19. A small
study of 237 patients in China did not find any differences
in outcomes, and a trial of 598 patients with moderate dis-
ease in the United States did not find any benefit to a
10 day course (113,114). A large randomized controlled
trial of 1062 patients found a decreased time to symptom
resolution, 10 days versus 15 days, in patients treated
with remdesivir as compared to placebo (115). As such,
remdesivir is a reasonable treatment for patients with
COVID-19, but the clinical impact may be minimal.

Given the role of thromoboemboli in COVID ARDS,
therapeutic anticoagulation has been suggested as a medi-
cal therapy. However, data do not support this as a routine
approach. A large retrospective study found no difference
in therapeutic and prophylactic anticoagulation as long as
the therapy was started within 48 h of hospital admission
(116). Guidelines recommend the use of venous thrombo-
embolism prophylaxis with either unfractionated heparin
or low molecular weight heparin in all hospitalized pa-
tients with COVID-19 without absolute contraindications
(117,118). There are no data to support early initiation of
thromboprophylaxis in the ED, however.

ECMO.When a patient continues to have refractory hyp-
oxemia despite optimal ventilator and medical manage-
ment, venovenous ECMO (VV-ECMO) should be
considered for those without contraindications (119).
ECMO centers are becoming regionalized and transport
of patients, either before or after cannulation should be
considered (120). Because transporting severely hypox-
emic patients is associated with a risk of desaturation or
other adverse events, ECMO cannulation before transfer
should be strongly considered if resources are available
(121,122).

A trial on patients with H1N1-related ARDSwhowere
randomized to transfer to an ECMO center had lower
mortality rates than patients who received conventional
care (23.7% for ECMO-referred patients vs. 52.5% for
non–ECMO-referred patients; RR = 0.45 [95% CI
0.26–0.79]; p = 0.006), even though only 86.3% of those
transferred received ECMO (123).

A recent multicenter international trial randomized
patients with severe ARDS to be placed directly on VV-
ECMO or managed with conventional treatments. The
60-day mortality was 35% in the ECMO group and
46% in the conventional groups (RR = 0.76 [95% CI
0.55–1.04]; p = 0.09). Notably, crossover to ECMO
occurred in 35 patients in the control group at a mean
of 6.5 days in 28% of the control group, with 57% of those
patients dying. The only difference in complications were
that the ECMO group had more bleeding requiring trans-
fusions, more thrombocytopenia, and fewer strokes (124).
Although the trial was stopped early for failure to reach
the predetermined outcomes, supporters of ECMO note
that conventional therapies were deemed insufficient by
treating clinicians over a quarter of the time. COVID-19
guidelines from the National Institute of Health do not
recommend for or against ECMO, and the World Health
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Organization guidelines state that referral to an ECMO
center can be considered when other conventional treat-
ments for acute respiratory failure fail (53,104).

CONCLUSION

Management of severe refractory hypoxemia begins with
adequate knowledge of the physiologic mechanisms of
hypoxemia in the ED. Shunting, especially on a large
scale with derecruitment, is a major cause of hypoxemia.
Evidence supports the use of lung-protective ventilation,
decreasing FiO2 and proning patients with COVID-19,
Table. Evidence-Based Interventions for Hypoxemic Respiratory F

Intervention

High-flow nasal cannula oxygen Improved morta
Effective in mild
May be effective
Likely low risk of
Reasonable first

Noninvasive positive pressure ventilation High rates of fail
Small retrospect
COVID-19
Risk of aerosoliz
Not a first-line tr
protocols

Awake proning Consistently imp
Mixed data rega
Reasonable first

Intubation timing Early studies ind
Patients should
but neither an ea

Lung-protective ventilation, tidal volume of
6–8 mL/kg PBW, plateau pressure
#30 cm H2O, PEEP titrated to compliance,
and lowest FiO2 to maintain SpO2 92–96%

Well-supported

Neuromuscular blockade Recent RCT foun
Should be used

Recruitment maneuvers RCT stopped ea
10 cm H2O of

More gentle incr
Can improve oxy

Prone positioning Multicenter RCT
Recommended
Can be challeng

Inhaled vasodilators Observational st
mortality

May be useful as
Medical therapies: dexamethasone, remdesivir,

and anticoagulation
RCT of dexamet

for patients re
Dexamethasone
oxygen support
Studies of remde
showing a 4-day
Remdesivir is rea
Systemic anticoa
prophylactic dos
Hospitalized pat

ECMO Older RCT of pa
were transferr

More recent RCT
VV ECMO can b
contraindication

ARDS = acute respiratory distress syndrome; ECMO = extracorp
FiO2 = fraction of inspired oxygen; HCW = health care worker; PaO2

PEEP = positive end-expiratory pressure; RCT = randomized controlle
both nonintubated and intubated. Elevated PEEP can
also be an effective tool for lung recruitment and should
be individually adjusted with careful monitoring of he-
modynamic stability. Inhaled vasodilators should be
considered as a tool for short-term improvement in
oxygenation. Neuromuscular blockade is not a routine
recommendation, but was shown to have benefit in pa-
tients who cannot maintain patient-ventilator synchrony
even with deep sedation. Finally, ECMO can be consid-
ered in patients with COVID-19 who have refractory hyp-
oxemia despite all other advanced therapies, weighing the
risks and benefits on an individual basis (Table).
ailure Caused by COVID-19

Evidence Base and Recommendations

lity in RCT in non-COVID patients
to moderate hypoxemia
in some cases of severe hypoxemia
virus aerosolization in modeling studies
-line treatment as long as HCWs are protected
ure in patients with non-COVID ARDS
ive studies showing success in patients with moderate to severe

ation limits utility in many circumstances
eatment, but may be considered based upon institutional

roved oxygenation
rding prevention of intubation
-line treatment in alert, mobile patients
icated high mortality rates for intubated patients with COVID-19
be intubated based upon clinical judgement and local resources,
rly intubation nor late intubation strategy appears warranted
in the critical care literature

d no improvement in outcomes when used routinely
if unable to maintain ventilator synchrony
rly for worse outcomes, but used high pressures with changes of
PEEP at a time
eases in pressure of 2–3 cm H2O appear safer
genation in derecruited patient
found improved mortality in non-COVID ARDS
in patients with PaO2/FiO2 <150
ing in the ED and requires multidisciplinary training
udies demonstrating improved oxygenation, no improvement in

an adjunct in cases of refractory hypoxemia
hasone in patients with COVID-19 found reduced 28-daymortality
quiring respiratory support
should be administered to patients with COVID-19 requiring

sivir have had mixed results, with the most favorable results
reduction in symptoms
sonable, but likely has minimal clinical impact
gulation has not been shown to improve outcomes over
e
ients should be given prophylactic dose anticoagulation
tients with H1N1 influenza found reduced mortality when patients
ed to an ECMO center
of VV ECMO for non-COVID ARDS was stopped early for futility

e considered for refractory respiratory failure in patients without
s

oreal membrane oxygenation; ED = emergency department;
= pressure of arterial oxygen; PBW = predicted body weight;

d trial; VV = venovenous.
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CASE CONCLUSION

The patient is encouraged to self-prone, which he toler-
ates. His oxygenation improves and he is able to wean
back to 6 L nasal cannula. He receives 6 mg dexametha-
sone. Overnight, the patient boards in the ED awaiting an
inpatient bed, and by the morning is again requiring non-
rebreather to maintain oxygen saturation of >92% despite
self-proning. Risks and benefits of intubation are dis-
cussed with the patient and, via video chat, his family.
The patient affirms his desire for intubation if his oxygen-
ation continues to worsen. HFNC is considered, but the
patient’s work of breathing significantly decompensates
before initiation and the patient is intubated. He is placed
on lung-protective ventilation, with a tidal volume of
6 mL/kg and a resultant plateau pressure of 29 cm H2O.
An arterial blood gas is checked a half-hour later and re-
sults as 7.25/65/330. The ventilator is adjusted with a
higher respiratory rate and his FiO2 is decreased to 40%
before he is transferred upstairs to his ICU bed.
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ARTICLE SUMMARY

1. Why is this topic important?
During the global COVID-19 pandemic there has been

an incredible outpouring of research and collaboration
among emergency physicians to share their evolving
knowledge of managing the disease. A current review
helps to focus this information and place it into context
for practicing emergency physicians.
2. What does this review attempt to show?

This is a review of the current literature regarding the
management of severe hypoxemic respiratory failure in
the emergency department for patients who are presumed
to have COVID-19. This review summarizes recent evi-
dence for COVID-19 and places it in the context of known
evidence-based management of hypoxemic respiratory
failure in the emergency department.
3. What are the key findings?

COVID-19 is known to cause severe hypoxemia
through acute respiratory distress syndrome (ARDS) in
which hypoxemia is the result of mismatched ventilation
and perfusion, or shunt. While recent data have noted low
compliance among patients with COVID-19 with severe
hypoxemia and differing phenotypes among COVID-19,
these variations are consistent with preexisting data on
variable presentations of ARDS. Before intubation, stable
patients with hypoxemia who can tolerate repositioning
should be placed in prone position while awake and a trial
of high-flow nasal cannula can be considered if well-fitted
nasal cannulae and appropriate precautions are available.
Patients on supplemental oxygen should be started on
dexamethasone. Remdesivir should be considered but
has limited evidence of benefit in improving outcomes.
Intubated patients should be managed with lung-
protective volume and low-pressure ventilation appro-
priate to ARDS, with increasing positive end-expiratory
pressure as tolerated in stable patients and consideration
of proning and neuromuscular blockade for patients
with prolonged mechanical ventilation in the emergency
department. Venovenous extracorporeal membrane
oxygenation should be considered early in patients with
severe hypoxemia refractory to other advanced therapies
4. How is patient care impacted?

Trials of awake proning and high-flow nasal cannula in
appropriate patients may improve hypoxemia and delay or
avoid even intubation. Management of ventilated patients
in the emergency department with ARDS-appropriate
ventilation is associated with improved outcomes.


