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Summary. Coronavirus Disease (COVID-19), first emerged in Wuhan, China, in December 2019 and has
now become a worldwide health emergency. The symptoms of Coronavirus vary from anosmia, fever, and

cough to severe complications such as acute respiratory distress syndrome, which often require intubation and

subsequent ventilation. Procedures such as these are aerosol-generating, and this adds additional challenges

due to the risks posed to staft. In this brief article, we discuss the need for ventilation, risks raised to healthcare

staff in this context, and ways to potentially mitigate these risks. We also discuss emerging themes, including

phenotypes of COVID-19 and the role of prone positioning. (www.actabiomedica.it)
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Introduction

Coronavirus Disease (COVID-19), which is
caused by Severe Acute Respiratory Syndrome Coro-
navirus-2 (SARS-CoV-2), first emerged in Wuhan,
China, in December 2019 as a cluster of pneumonia
cases (1, 2). It has since spread at a remarkable speed
and has been declared by the World Health Organi-
sation (WHO) as a pandemic (3). As of 3rd May
2020, there have been 1,384,641 cases in the US, with
78,409 deaths. Worldwide, there have been more than
3 million confirmed cases of COVID-19 with 238,628
deaths (4). SARS-CoV-2, which causes COVID-19,
is similar to the coronaviruses responsible for severe
acute respiratory syndrome (SARS) and the Middle
East respiratory syndrome (MERS) (5). It is without
a doubt that healthcare systems across the globe now
face an unprecedented challenge dealing with COV-
ID-19. There are many reasons for this, including its
highly infectious nature, which can lead to infection
rates of around 60-80% in a population (6). In addi-
tion, there is a multitude of clinical presentations from
mild symptoms to severe illness and mortality, par-

ticularly in those with other comorbidities (7). Apart
from supportive management, there are currently no
definitive treatments available. There are also risks to
healthcare professionals due to its human-to-human
transmission (8). Anaesthetic and intensive care staff
are at particularly high risk from aerosol-generating
procedures such as intubation and extubation.

While our knowledge of COVID-19 is still
emerging, this brief article will discuss the novel chal-
lenges faced by staff in managing this unique set of
patients.

Need for intubation and invasive ventilation in
COVID-19 patients

In a meta-analysis of 43 studies, including 3600
COVID-19 patients, fever was present in 83.3% of pa-
tients, cough present in 60.3%, and fatigue in 38% of
patients. 25.6% of cases were severe, and the case fatality
rate (CFR) was found to be 3.6% (9). The most com-
mon complication was acute respiratory distress syn-
drome (ARDS) (15.7%), and the incidence of this was
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significantly higher in older patients. Another study also
found those aged over 65, those who had comorbidities
and ARDS were at increased risk of death (10).

ARDS is a life-threatening acute inflammatory
syndrome resulting in pulmonary edema of non-car-
diac origin with associated hypoxia and pulmonary
infiltrates (11).

Most patients with acute respiratory distress
syndrome (ARDS) in the context of COVID-19 will
require intubation and mechanical ventilation (12).
In the meta-analysis by Fu et al., invasive mechani-
cal ventilation was required in 22.2% of patients (9).
However, this figure increases in those who are admit-
ted to intensive care units (ICU). A study by Wang et
al. showed this to be 47% in those admitted to an ICU
in Wuhan (13), and Yang et al. reported this to be at
429% at their center (14). Therefore, it is evident that
there is a demand for intubation and invasive ventila-
tion in severely unwell COVID-19 patients.

Intubation and ventilation of COVID-19 pa-
tients present a unique challenge to anesthetists and
staff working in critical care departments across the
globe. Although many centers have cancelled their
elective surgical lists and repurposed their theatres to
prepare for the care of COVID-19 patients, there are
still emergency procedures that need to occur. COV-
ID-19, therefore, places additional pressures on al-
ready overstretched healthcare systems. It is therefore
paramount that the decision to intubate and ventilate
is one considered carefully by exploring patient factors,
prognosis, availability of skilled staff, and risks posed

to the workforce.

Risks to staff

It is known that certain procedures are more likely
to generate aerosols and droplets, promoting the spread
of respiratory pathogens. These procedures include the
use of positive pressure non-invasive ventilation, in-
cluding bilevel positive airway pressure (BiPAP) and
continuous positive airway pressure (CPAP), endotra-
cheal intubation, suction of the airway, and bronchos-
copy (15). Case-control studies during previous out-
breaks have shown severe acute respiratory syndrome
(SARS) transmission to healthcare staff during intu-

bation and ventilation (16, 17). A systematic review
by Tran et al. showed those who performed tracheal
intubations had an increased risk of being infected
with SARS (odds ratio 6.6) (18). This is of relevance
as a recent study showed that out of those hospitalized
with COVID-19 at a single hospital in Wuhan, 29%
were healthcare staff (13).

Organizations and hospitals have released new
guidelines on the routine care of patients, high-risk
procedures, and transfer of patients (19, 20, 21).
Among these recommendations include regular hand-
washing, use of HEPA filters, personal protective
equipment, use of video laryngoscopy, and rapid se-
quence induction (RSI). Extubation is also an aerosol-
generating procedure requiring contact with the anes-
thetic team. It is likely that some individuals requiring
intubation may still be infectious at the time of extu-
bation. D’Silva et al. produced guidelines for mask-
over tube extubation to help reduce the risk to staff
(22). Others have recommended the use of lidocaine
to help reduce coughing in these patients (23). This
is supported by a systematic review that has shown
fewer airway complications, including cough and sore
throat, with the use of intravenous (IV) lidocaine (24).
A summary of these recommendations can be seen in
Figure 1.

What to consider when managing critically
unwell COVID-19 patients
1

| |
Patients

Early intubation
Rapid Sequence Induction
HEPA filters
Video layngoscopy
Lidocaine
Mask-over tube extubation

Personal protective equipment
Infection control procedures

Figure 1. Factors to consider when managing a COVID-19 pa-
tient
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Considerations for Intubating COVID-19 patients
Criteria for intubation

The decision to intubate patients with COVID-19
is complex and dependent on many factors. However,
recommendations for the clinical criteria to intubate
have emerged from around the world.

The Chinese Society of Anaesthesiology Task
Force on Airway Management recommended that in-
tubation be done in patients that show no improvement
in respiratory distress and tachypnoea (respiratory rate
greater than 30 breaths per minute), and those with
poor oxygenation defined as a partial pressure of oxy-
gen (PaO,) to fraction of inspired oxygen (FiO,) ratio
less than 150 mmHg after 2 hours of high-flow oxygen
therapy or non-invasive ventilation (NIV) (25). These
recommendations are similar to those given in guide-
lines offered by the Surviving Sepsis organization who
recommend that intubation be carried out when acute
hypoxemic failure worsens despite conventional oxy-
gen therapy, high flow nasal cannula (HFNC), and a
trial of nasal intermittent positive pressure ventilation
(26). WHO guidelines suggest that endotracheal in-
tubation should be carried out in patients with hy-
poxemic respiratory failure in ARDS who continue to
have increased work of breathing or hypoxemia despite
standard oxygen therapy (27).

Operall, although the parameters used for defini-
tions may differ, the consensus is to intubate in cases
of acute hypoxemic respiratory failure in ARDS due to
COVID-19 worsening despite standard oxygen ther-
apy or NIV. Recommendations are, however, mostly
empirical as there is little supporting evidence.

Timing of Intubation

There is little literature that addresses the timing
of endotracheal intubation, but recommendations fa-
vor early intubation over late intubation. This may be,
in part, explained by the fact that with disease progres-
sion in COVID-19, patients lose respiratory reserve
and exhaust compensatory mechanisms (28). Yao et
al. reported that intubation should be performed early
on in the disease to avoid having to intubate patients
with severe hypoxemia and to avoid the increased risk

of cardiovascular collapse during intubation, both of
which may ultimately help to reduce mortality (29).
Similar recommendations were given by clinicians
based in Brazil and China (30, 31). While there has
been no formal evaluation of early versus late intu-
bation in COVID-19 in comparative trials, there is
evidence that supports early intubation in the case
of ARDS. A prospective observational study analyz-
ing clinical outcomes in adults with ARDS showed
that late intubation was associated with a significantly
higher 60-day mortality rate when compared to early
intubation (56% vs. 36%, P<0.03) (32). It is thus pos-
sible that similar results would be seen in the context
of intubation in COVID-19 patients.

Early intubation may also be beneficial for cli-
nicians performing intubations who would be doing
them on an elective basis rather than on an emergent
basis. Given the aerosol transmission of COVID-19,
intubation poses a risk to healthcare workers perform-
ing it as discussed previously. Emergent or late intuba-
tion may create an increased time pressure for clini-
cians that makes mistakes donning personal protective
equipment (PPE) more likely, thus making the timing
of intubation an issue essential both for patient and
staft safety. Overall, guidance favors early intubation
over late intubation both to reduce patient mortality
and to ensure the safety of healthcare workers (Figure
1). However, there remains a lack of clarity over what
exactly constitutes “early.”

Emerging themes
COVID-19 Pneumonia phenotypes

It is emerging that there may be different pheno-
types of COVID-19. Gattinoni e a/. present COV-
ID-19 as distinct types, type L and type H. During
the early phase, they report patients present with type
L disease. This is characterized by low elastance, low
ventilation-to-perfusion (V/Q) ratio, low lung weight,
and low lung recruitability. These patients may or
may not progress to become type H patients. Type H
is characterized by high elastance, high right-to-left
shunt, high lung weight due to ARDS progression,
and high lung recruitability (33). The authors recom-
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mend identifying type L and type H patients with the
use of computerized tomography (CT) scanning. Type
L patients should then be treated with non-invasive
options, including HFNC and CPAP. Measuring oe-
sophageal pressure swings should be done and the need
for intubation evaluated. They recommend type H pa-
tients to be treated as severe ARDS and using higher
positive end-expiratory pressure (PEEP) alongside
prone position and extracorporeal support (33).

Ventilatory types

To date, there has been no randomized trial com-
paring non-invasive ventilation (NIV) to mechanical
ventilation in coronavirus related severe pneumonia.
Early studies show that up to 50% of patients with
COVID-19 admitted to the ICU did not subsequently
require mechanical ventilation (34). It has also emerged
that patients with severe disease can avoid intubation
with the use of NIV (13). It is important to note that
the key manifestation of such severe viral infections
is the development of ARDS and the use of NIV is
not usually recommended for pneumonia but may im-
prove the oxygenation at the initial phase. Therefore,
its use in COVID-19 patients remains controversial.
Some studies in previous pandemics have suggested
that NIV use is associated with a 92% chance of re-
quiring intubation and mechanical ventilatory support
(35). It is important to remember that there is no clear
consensus supported with data from large centers and
intensive care unit, and therefore modified settings
should be applied on an individual basis.

Another factor to consider during ventilatory
support is the recruitment of the collapsed lung due
to the severity of infection, and this can be achieved
through the mechanical ventilation using appropriate
PEEP level. The main factor that contributes to pro-
vision of appropriate oxygenation is the mean airway
pressure and therefore the appropriate level of pres-
sure can help in reducing breathing workload, thus im-
proving oxygenation. Some reports noted that use of a
PEEP of 10 cmH2O or higher can achieve adequate
oxygenation and recruitment of the lung (36). One of
the larger studies including 1591 patients reported a
requirement of 88% for mechanical ventilatory sup-

port with a mean PEEP of 14 (12-16) cmH20O, while

only 11% achieved satisfactory oxygenation and pO2
level with NIV (37). The optimal PEEP level is still
under debate. Gattinoni et al. recommend high PEEP
in type H patients with high lung recruitability (33).
On the other hand, Pan et al. found that patients had
low recruitability with high PEEP levels (38). Simi-
larly, a study by Roesthuis et al. reported lung compli-
ance decreasing with higher PEEP levels. The authors
propose that high PEEP may cause hyperinflation of
compliant parts of the lungs as COVID-19 lesions are
not recruited. Overall, they promote the use of proning
and applying lower PEEP (39).

Prone positioning

The use of prone positioning has also been dis-
cussed. Prone positioning increases end-expiratory
lung volume, increases chest wall elastance and im-
proves tidal volume (40). A previous meta-analysis has
shown a reduction in mortality when performed early
on in the disease and recommended this to be done at
least 12 hours a day (41). A more recent study evaluat-
ing the use of self-proning in awake, non-intubated
patients in an emergency department showed median
oxygen saturation (SpO2) at triage to be 80% and in-
creasing to 84% with additional oxygen. This increased
to 94% after 5 minutes of proning (p=0.001) (42).

COVID-19 is indeed a novel challenge and there-
fore, the long-term effects of proning on disease sever-
ity and mortality need to be determined.

Future PeI'SPCCtiVCS

Until the management for COVID-19 moves be-
yond only being conservative, it remains essential that
supportive therapy is optimized to minimize mortality
as much as possible. As ARDS is the most common
and severe complication in patients with COVID-19,
optimization of ventilatory support, in particular, is
imperative (10). Current guidelines for indications and
timing for intubation are based on empirical evidence;
thus, there is a need for more research to be carried out.
There is little information on when to extubate or stop
ventilatory support in general, highlighting an addi-
tional requirement for research that can inform anaes-
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thesiology and critical care guidelines. In the midst of
this, it is also vital that the safety of healthcare workers
be maintained by ensuring that as guidelines evolve in
line with emerging evidence that staff safety continues
to be prioritized. It is also emerging that there may be
different phenotypes of COVID-19 pneumonia. This
is an area which requires further study as the differ-
ences in pathophysiology should determine timing and
specifics of treatment. In addition, the role of pron-
ing requires further investigation with clearer indica-
tions and timings determined for intensivists and other
healthcare professionals to guide treatment.

Conclusion

Coronavirus has created unprecedented challeng-
es for healthcare systems across the globe. This is more
evident in critical care settings with older patients and
those with comorbidities as these patients are more
likely to have severe disease requiring admission to
intensive care units. Choice of appropriate ventila-
tory setting and airway pressure support is crucial to
provide safe care and to optimize patient outcomes. It
is promising to see guidelines produced, which detail
how to manage these patients medically. However, fur-
ther work needs to be done to elucidate phenotypes of
COVID-19 pneumonia to help guide treatment.
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