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ABSTRACT

Introduction: The ongoing pandemic caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) has posed important challenges for clinicians and health-care systems worldwide.

Areas covered: The aim of this manuscript is to provide brief guidance for intensive care unit manage-
ment of mechanically ventilated patients with COVID-19 based on the literature and our direct
experience with this population. PubMed, EBSCO, and the Cochrane Library were searched up until
15th of January 2021 for relevant literature.

Expert opinion: Initially, the respiratory management of COVID-19 relied on the general therapeutic
principles for acute respiratory distress syndrome; however, recent findings have suggested that the
pathophysiology of hypoxemia in patients with COVID-19 presents specific features and changes over
time. Several therapies, including antiviral and anti-inflammatory agents, have been proposed recently.
The optimal intensive care unit management of patients with COVID-19 remains unclear; therefore,
ongoing and future clinical trials are warranted to clarify the optimal strategies to adopt in this cohort
of patients.
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direct ARDS, with pulmonary vascular abnormalities [9,10], alveo-
lar neutrophil infiltration, and fibrosis [3].

Activation of macrophages by COVID-19 leads to the
release of pro-inflammatory cytokines, metalloproteinases,
and other proteolytic enzymes that can cause thrombi forma-
tion, systemic inflammation, intravascular coagulopathy with
high risk of thrombotic complications, venous thromboembo-
lism, especially in the lung, thrombosis, and vasculitis [9], and
the changes described by Elinoff et al. [11].

Although some authors have suggested that COVID-19
pneumonia is characterized by different phenotypes according
to the chest computed tomography (CT) scan and respiratory
mechanics characteristics (high vs low compliance) [12], the
current literature does not fully support this classification, and
the pathophysiology of COVID-19 ARDS is not fully under-
stood [7].

Estimated lung weight of normal lungs is 800 g on
average, whereas in traditional ARDS, lung weight increases

1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has led to a worldwide pandemic, overwhelming health-care
systems and causing over a million of deaths to date [1,2].
Although patients often present with mild symptoms, such as
dry cough, fever, and fatigue, around 20% are hospitalized and
5-10% require intubation and invasive mechanical ventilation
for respiratory failure [1-4]. Severe pneumonia induced by
SARS-CoV-2 is generally managed in the same way as tradi-
tional acute respiratory distress syndrome (ARDS) [5], although
it might present specific pathophysiological features [6,7]. The
aim of this paper is to provide a brief update on ten things we
need to know about intensive care unit (ICU) management of
mechanically ventilated patients with COVID-19 (Figure 1).

1.1. Pathophysiology of COVID-19 ARDS

ARDS may be due to direct (pulmonary) or indirect (extrapulmon-
ary) insult to the alveolar capillary barrier [8]. Pulmonary compared
with extrapulmonary ARDS is characterized by increased alveolar
epithelial cell damage (both types | and Il epithelial cells), alveolar
neutrophils, but especially macrophages/monocytes, lymphocyte
infiltration, fibrinous exudates, collagen fiber deposition, and
alveolar edema. COVID-19 pneumonia shows similar findings to

to 1800 g, with an excess tissue mass of 1000 g [13]. In
traditional ARDS, hypoxemia is well explained by increased
perfusion in dependent atelectatic and caudal lung regions.
Interestingly, in COVID-19 pneumonia, the distribution of
perfusion is mainly anti-gravitational, diverted toward non-
dependent and caudal lung regions. Furthermore, one-third
of non-aerated lung regions can show absence of perfusion
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Article highlights

¢ The pathophysiology of respiratory failure in patients with COVID-19
presents peculiar features that require individualized treatment based
on clinical laboratory and radiologic findings.

¢ Non-invasive respiratory support may help to reduce the need for
intubation. However, prolonged non-invasive respiratory treatment
can lead to patient self-inflicted lung injury and worse outcomes.

¢ Lung protective ventilation is warranted in critically ill patients with
COVID-19. The role of PEEP needs further investigations and the
optimal level of PEEP probably depends on the patient’s phenotype
based on a CT scan and lung mechanics.

e Prone positioning, inhaled nitric oxide, respiratory dialysis, extracor-
poreal CO2 removal and extracorporeal membrane oxygenation can
be considered as rescue therapies in selected patients with COVID-19,
according to specific clinical and radiologic features.

o Bacterial co-infection at hospital admission and during the hospital
stay can occur in patients with COVID-19. Strict clinical and laboratory
monitoring and evaluation are necessary to decide whether and
when to start antibiotic therapy.

e Thromboembolic complications are common in patients with COVID-
19; in the absence of clear evidence regarding the best prophylactic
and therapeutic treatment, patient management should be indivi-
dualized based on the risk of bleeding and thrombosis and optimized
case by case.

¢ Dexamethasone has shown beneficial effects on reducing the 28-day
mortality rate and should be recommended in mechanically venti-
lated patients requiring supplementary oxygen.

e There is no evidence for routine use of antiviral and other adjuvant
therapies in critically ill patients with COVID-19.

associated with thrombosis [14]. Higher positive end-
expiratory pressure (PEEP) may lead to a variable amount
of alveolar recruitment, and in some cases reduce respira-
tory system static compliance and increase driving pressure.
In traditional ARDS, the prone position leads to recruitment
of atelectatic lung regions [15] and maintenance of higher
perfusion in dorsal lung, with improvement in regional ven-
tilation, leading to better oxygenation and lower PaCO2.
However, in COVID-19 pneumonia, densities are not mod-
ified in the prone position; thus, the improvement of oxy-
genation, if any, is explained by perfusion diversion, which
may yield increased PaCO2, because regional ventilation
does not change [16]. Moreover, in traditional ARDS, gas-
exchange deterioration is accompanied by worsening
respiratory mechanics; nevertheless, in COVID-19 pneumo-
nia, deterioration in oxygenation is not necessarily asso-
ciated with changes in respiratory mechanics, which may
lead to so-called ‘happy hypoxia’. Based on these findings,
we hypothesize that in COVID-19 pneumonia, ‘happy
hypoxia’ can be due to V'/Q" mismatch, mainly related to
increased perfusion rather than increased prevalence of
poorly aerated lung areas, resulting in normal or increased
static compliance and less inspiratory effort and dyspnea.
The natural evolution is toward ‘unhappy hypoxia’ mainly
due to (1) increased non-aerated tissue and ‘true shunt’
with consolidated tissue in the dependent lung regions,
(2) well-perfused areas combined with low V/Q’, and (3)
higher dead space pulmonary areas [16].

Clinical deterioration from happy hypoxia to unhappy
hypoxia should be monitored to assess worsening of non-
responsive hypoxia to higher inspired oxygen fractions,

decrease of PaCO2 with increased respiratory rate, and activa-
tion of accessory muscles (suggesting increased inspiratory
effort). In COVID-19 pneumonia, both hypoxemia and PaCO2
changes are well explained by changes in aeration-perfusion
distribution due to poorly aerated and non-aerated lung
regions. This information is important to optimize and indivi-
dualize therapy from noninvasive to more invasive respiratory
support, although it is clinically difficult to demonstrate when
the transition from happy hypoxia and unhappy hypoxia
occurs.

1.2. Noninvasive respiratory support

Supplementary oxygen is recommended for patients with
COVID-19 with saturation of oxygen (SpO2) below 93%, aim-
ing for a target SpO2 of 92-94% [17]. Noninvasive respiratory
support in patients with COVID-19 may include the application
of high-flow nasal oxygen (HFNO), continuous positive airway
pressure (CPAP), and bilevel positive airway pressure (BiPAP).
At present, no definitive evidence exists on whether noninva-
sive respiratory support is beneficial or harmful for patients
with COVID-19. A recent report on 103 critically ill patients
with COVID-19 and moderate-severe hypoxemic respiratory
failure demonstrated that more than half of the patients
undergoing noninvasive respiratory support did not require
tracheal intubation and had lower mortality than those
patients who were subsequently intubated [2]. Zucman et al.
[18], in a retrospective single-center study including 62
patients with COVID-19 treated with HFNO, showed that (1)
34% responded well to HFNO, (2) 63% required intubation
[19], and (3) ROX index ([SpO2/FiO2]/respiratory rate) >5.37
within 4 h of initiation of HFNO was able to predict a lower risk
of intubation. However, increasing evidence on patients with
COVID-19 shows great variability regarding the failure rate of
noninvasive support and the need for intubation and mechan-
ical ventilation (from 76% of cases to 20-30% cases) [17,20],
generating the risk of prolonged and unmeasured increased
intrathoracic pressures, thus, potentially leading to further
lung damage [21]. NIV and the need for intubation should
be evaluated according to specific clinical features as well as
specific protocols. Guidelines are warranted regarding the
escalation to invasive mechanical ventilation support [7].

Because hypoxemia in patients with COVID-19 can be con-
sequent to the presence of hyperperfused (low V/Q’) and
hypoperfused (high V'/Q’, dead space) ground glass regions,
HFENO appears to be the optimal way to improve oxygenation
by increasing the inspired oxygen fraction without higher air-
way pressures and promote CO2 washout. HFNC can improve
oxygenation and reduce the respiratory rate [22,23]. In an
observational study with a small sample size of critically ill
patients with COVID-19 who used HFNC and NIV as first-line
therapy, the duration of HFNC + NIV, intubation rate, and
mortality did not differ between two groups [24].

Also, a recent systematic review suggested that a high-flow
nasal cannula may reduce the need for invasive ventilation and
escalation of therapy compared with conventional oxygen ther-
apy in patients with COVID-19 with acute hypoxemic respiratory
failure [25]. Thus, HFNO appears to be a feasible method at the
bedside, efficient, comfortable for the patient and allowing
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Figure 1. Clinical approach to patients with COVID-19 in the intensive care unit in Genoa, Italy. CPAP, continuous positive airway pressure; CRP, C-reactive protein;
CT, computed tomography; AVACO2; delta veno-arterial carbon dioxide; P, driving pressure; ECMO, extracorporeal membrane oxygenation membrane; HFNO, high-
flow nasal oxygen; iNO, inhaled nitric oxide; LMWH, low-molecular-weight heparin; VT, tidal volume; PBW, predicted body weight; PCT, procalcitonin; PEEP, positive
end-expiratory pressure; MAP, mean arterial pressure; Pplat, plateau pressure; ScVO2, ventral venous oxygen saturation; UFH, unfractionated heparin; WBC, white

blood cells.

physiotherapy to be performed [26,27]. Similarly, helmet CPAP
has frequently been used during the pandemic, especially out-
side the ICUs; a recent study reported a rate of success greater
than 60% and close to 75% in full treatment patients [28], but
these results are not consistent throughout the literature [29].

Noninvasive respiratory support should therefore be con-
sidered as a first therapeutic tool for COVID-19-related respira-
tory failure, but we suggest that patients should be promptly
intubated if PaO2/FiO2 does not improve, and/or PaCO2
decreases below 30 mmHg, and/or the respiratory rate
increases more than 28 breaths/min with evidence of acces-
sory muscle activity within 3-8 h of treatment [7]. Further
research and randomized controlled trials (RCTs) are war-
ranted to understand the role and optimal duration of non-
invasive ventilation in this group of patients.

1.3. Lung protective ventilation

The aim of mechanical ventilation is to provide oxygenation,
minimizing ventilator-induced lung injury, especially in
patients with ARDS [30]. In the early phases of the pandemic,
mechanically ventilated patients with COVID-19 were treated
as for ARDS, and the main principles for ventilator manage-
ment were the use of low tidal volumes (VT = 4-8 mL/kg of
predicted body weight), low plateau pressure (Pplat <28
c¢cmH20), and a high PEEP (>10 cmH20) [31], with occasional

recruitment maneuvers. However, patients with COVID-19 do
not present traditional ARDS and preserved static compliance
may coexist with severe hypoxemia. In this context, although
a strategy of protective volumes and plateau pressure is
recommended even in patients with COVID-19, the use of
high PEEP is controversial. In patients with preserved static
compliance and chest CT scans presenting few areas of atelec-
tasis to be recruited but areas with increased perfusion, we
suggest that moderate PEEP levels (8-11 cmH20) may be
applied with the aim of redistributing pulmonary blood flow
from damaged to non-damaged lungs. In contrast, if atelec-
tasis is present and static compliance is low, in our opinion,
moderate PEEP levels (12-15 c¢cmH20) can be useful to
improve lung recruitment; nevertheless, it is important to
avoid overdistention and hemodynamic instability [7].
Although no definitive evidence exists regarding the ventila-
tory strategies to be applied in these patients, authors suggest
using lung protective ventilation with tidal volumes <6 mL/kg
of predicted body weight, driving pressure <15 cmH20, and
individualized PEEP titration based on clinical presentation,
chest CT scan, and respiratory mechanics [32,33].
Recruitment maneuvers may be considered as a rescue ther-
apy in case of hypoxemia despite optimizing ventilation [34].
RCTs are warranted to assess the role of different ventilator
strategies in the specific subpopulation of patients.
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1.4. Prone positioning

Prone positioning can be helpful in cases of severe ARDS to
reduce atelectasis, redistribute pulmonary blood flow, and
improve oxygenation [35], with potential beneficial effect on
mortality. Furthermore, the prone position per se might lead
to more homogeneous distribution of regional pleural pres-
sure and aeration as well as ventilation, minimizing lung
injury. Prone ventilation has been used frequently in patients
with COVID-19 (11.5%) [17]. In a recent case series of 44
patients, prone positioning increased oxygenation only in
patients with partial pressure of oxygen/fraction of inspired
oxygen (PaO2/FiO02) <120 mmHg [36], thus suggesting that
the response to pronation strongly depends on the specific
pathophysiologic features of each patient with COVID-19 and
can help to redistribute pulmonary blood flow and/or reduce
atelectasis [7]. Even though prone position has been proposed
[37], several reports suggest that the beneficial effects are
rapidly lost in most patients when repositioned in the supine
position [38]. The optimal timing for prone positioning is
unclear in patients with COVID-19. Prone position during non-
invasive respiratory support seems to delay intubation [39],
which may mask the progressive deterioration of gas
exchange. In summary, prone positioning can be considered
as rescue therapy in selected patients with COVID-19. The
decision to use prone positioning should be related to indivi-
dualized chest CT features and specific characteristics of
respiratory mechanics as well as the hemodynamic status of
each patient. It has also recently been suggested that there is
a role for the use of awake prone positioning in patients with
COVID-19 [40,41]. It has been shown to improved oxygen
saturation especially if used in the early phases, but without
affecting 28-day mortality and should be therefore taken into
consideration, especially considering the lack of medical
resources in the pandemic [42,43].

The benefit/lack of benefit of prone positioning is relatively
uncertain, but a sub-group of patients seem to benefit from it.

1.5. Nitric oxide, extracorporeal CO2 removal, and
extracorporeal membrane oxygenation

Inhaled nitric oxide (iNO) has been proposed as rescue therapy
in cases of refractory hypoxemia related to COVID-19 pneu-
monia [44] in view of the presence of V//Q" mismatch with
alterations in hypoxic vasoconstriction. However, preliminary
reports have shown controversial results regarding the efficacy
of iNO in cases of COVID-19 pneumonia. Longobardo et al.
[45] retrospectively compared the effects of iINO in patients
with COVID-19 versus patients with ARDS, not caused by
COVID-19, and found that improvement in the PaO2/FiO02
ratio after iNO administration was lower in patients with
COVID-19 compared with traditional ARDS ([3%—17% to
26%] versus 47% [6-54%]; P < 0.05). Similarly, Tavazzi et al.
[46] showed that only 4 (25%) patients in their cohort were
responders to iNO. The low rate of responders among patients
with COVID-19 might result from the severe endothelial injury
and micro-thrombosis occurring in the pulmonary middle-
small arteries with loss of hypoxic vasoconstriction and lung
perfusion regulation. A recent report suggested that high

dosage of iINO up to 160 ppm might be effective to reduce
the need for mechanical ventilation in selected patients [47].

Veno-venous extracorporeal membrane oxygenation (VV-
ECMO) has been increasingly applied since the 2009 H1N1
pandemic [48,49] as respiratory support when other treat-
ments have failed in cases of hypoxemic ARDS. The role of VV-
ECMO in selected patients in the context of the current COVID-
19 pandemic needs to be more specifically established, espe-
cially regarding the criteria for patient selection and timing of
initiation. So far, VV-ECMO for COVID-19 has been used in
approximately 3% of severe cases with restoration of adequate
oxygenation [48,49]. According to the Extracorporeal Life
Support Organization (ELSO) dashboard, the survival rate of
patients undergoing ECMO was 40%, with VV-ECMO being the
most applied (91%); venous-arterial ECMO, which provides
cardiorespiratory support, was applied in only a small number
(4%) of patients [50]. Although the use of VV-ECMO in pre-
vious pandemics has provided preliminary guidance for its use
in cases of COVID-19, data on its efficacy are lacking.
Moreover, resource constraints and availability issues experi-
enced during the COVID-19 pandemic make it fundamental to
use it responsibly in strictly selected patients [51]. An alter-
native to VV-ECMO is the use of minimally invasive CO2
removal techniques, associated with respiratory dialysis at
100-500 ml/min, which might be incorporated in renal sup-
port dialysis machines, or extracorporeal CO2 removal
(ECCO2R) at 1000-1500 ml/min. These devices might allow
control of PaCO2 and pHa, thus markedly reducing the energy
and mechanical power delivered by the mechanical ventilator
to the lungs (lower tidal volume, driving pressure, respiratory
rate, and plateau pressure) likely reducing lung injury [52]. In
particular, ECCO2R and ECMO should be considered with the
aim to reduce ventilator-lung injury by allowing the applica-
tion of super protective ventilation [53,54].

In summary, the role of rescue therapies in COVID-19 is
unclear and RCTs are warranted to assess their efficacy in this
cohort of patients. A list of the ongoing trials is provided in
Appendix 1.

1.6. Antibiotic therapy

In patients with COVID-19, bacterial co-infection at emergency
department admission and during the hospital stay is not
common [55] and has been reported in 3.5% and 15% of
cases, respectively [56]. However, severe disease may be asso-
ciated with high inflammation marker values, thus making the
diagnosis and the decision to start prophylactic antibiotic
therapy challenging [56]. Patients with COVID-19 have been
often treated with broad-spectrum antibiotics [57-59], but
their efficacy is unclear and inappropriate antibiotic therapy
can increase antimicrobial resistance rates and hospital-
acquired pneumonia caused by resistant pathogens [60]. The
most common pathogens responsible for co-infection in
COVID-19 are Staphylococcus aureus, Haemophilus influenzae,
and less frequently gram-negative bacteria such as
Acinetobacter baumannii and Klebsiella pneumoniae [61]. To
date, no studies have evaluated the effectiveness of specific
antibiotic regimens in patients with COVID-19 and the pre-
sence of bacterial co-infection. However, recent published



guidelines suggest a restrictive use of antibiotics in patients
with COVID-19, but enurage physicians to constantly evaluate
the risk for bacterial co-infection and start antibiotic therapy
after considering laboratory results (i.e. inflammatory markers
such as procalcitonin, C-reactive protein-CRP), clinical criteria,
chest radiography or CT findings, Modified Clinical Pulmonary
Infection score [62], and immunodepression [56]. A recent
study suggests that the absence of increased white blood
cells and CRP can exclude bacterial co-infection [63].

Cultures including blood, sputum, and bronchoalveolar
samples should be obtained as soon as possible, together
with a routine HIV test, pneumococcal and Legionella urinary
antigen testing before starting empirical antibiotic therapy,
and when the decision to start antibiotic therapy is made,
the treatment should be based on the clinical severity and
according to local and/or national guidelines [64,65].
Antibiotic treatment should last 5 days in patients with
COVID-19 and/or until improvement of clinical, radiologic
and laboratory findings [66].

Invasive pulmonary aspergillosis (IPA) is not a frequent
complication in patients with severe COVID-19, but it is
responsible for increased mortality [67]. Although there is
insufficient evidence to confirm that there is a disturbing
incidence of pulmonary aspergillosis, this issue should be
taken into consideration. A list of the ongoing trials is pro-
vided in Appendix 1.

1.7. Anticoagulants

COVID-19 infection causes alterations in the coagulative cas-
cade and fibrinolysis, with release of endotoxin, and interleu-
kins, and consequent neutrophil-platelet aggregation and
transcriptional changes in platelets followed by an increase
in thrombin and fibrin generation [6,68,69]. Pulmonary post-
mortem findings have shown a high incidence of platelet-
fibrin thrombi with inflammatory infiltrates [70].

As a consequence, a variety of clinical features have been
described after COVID-19 infection, ranging from thrombo-
hemorrhagic complications to disseminated intravascular coa-
gulation or vasculitis. Although observational clinical data
suggest that the use of either prophylactic or intermediate
doses of low-molecular-weight heparin (LMWH) in high-risk
patients may be associated with better prognosis, the optimal
thromboprophylaxis strategy in the critically ill COVID-19
patient population is still unclear [71]. The European Heart
Journal - Cardiovascular Pharmacotherapy guidelines suggest
the use of therapeutic unfractionated heparin (UFH) infusion
titrated to an activated partial thromboplastin time (aPTT)
target of 60-85 s for all patients admitted to the ICU with
COVID-19 symptoms, with the recommendation to de-escalate
treatment to enoxaparin 40 mg twice daily for those with
confirmed absence of deep vein thrombosis [72]. However,
the Scientific and Standardization Committee of the
International Society on Thrombosis and Hemostasis recom-
mends intermediate-dose LMWH in high-risk patients and dis-
courages treatment-dose heparin until the results of RCTs
become available [73]. Finally, the CHEST guidelines on
Prevention, Diagnosis, and Treatment of VTE in Patients With
Coronavirus Disease 2019 recommend using standard dose
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anticoagulant thromboprophylaxis and do not recommend
intermediate (LMWH twice daily or increased weight-based
dosing) or full treatment dosing [74]. In the absence of strong
evidence, patients’ treatment should be individualized on the
basis of the risk of bleeding and thrombosis and optimized
using laboratory tests and cardiologic evaluation including
cardiac echography.

Recently, an RCT aiming to compare the effectiveness of
antithrombotic strategies for the prevention of adverse out-
comes in COVID-19-positive inpatients has been paused for
futility (ACTIV-4 study), thus suggesting that therapeutic
heparin should not be adopted routinely.

1.8. Steroids

Pathophysiologic studies have highlighted the role of inflam-
matory system activation in the development of respiratory
and systemic COVID-19 complications; therefore, the role of
adjunctive corticosteroids has been proposed to suppress
hyperinfammation cascade consequent to COVID-19
[59,75,76]. However, their use has been shown in observa-
tional studies to increase infection rates and mortality during
severe acute respiratory syndrome (SARS), and Middle East
respiratory syndrome (MERS) pandemics [77], and could
potentially increase the risk of Strongyloides stercoralis hyper-
infection syndrome [78]. Recent systematic reviews [79,80]
showed that the case fatality rate among patients who
received corticosteroid therapy was significantly higher than
for those not treated with corticosteroids (69 of 443, 15.6%
versus 56 of 1310, 4.3%). In addition, a systematic review and
meta-analysis suggests that glucocorticoids might be a risk
factor for mortality in patients with cancer and COVID-19 [81].

In July 2020, The Randomized Evaluation of COVID-19
Therapy (RECOVERY) trial from the UK [82], which randomly
assigned patients to receive oral dexamethasone (at a dose of
6 mg once daily) for up to 10 days or to receive usual care only
demonstrated that the administration of dexamethasone
reduced mortality (age-adjusted rate ratio, 0.83; 95% confi-
dence interval [Cl], 0.75-0.93; P < 0.001). This effect was sig-
nificant only in patients who were mechanically ventilated
(29.3% versus 41.4%; rate ratio, 0.64; 95% Cl, 0.51-0.81) and
in those receiving oxygen (23.3% versus 26.2%; rate ratio, 0.82;
95% Cl, 0.72-0.94) but not in patients who did not receive any
form of respiratory support (17.8% versus 14.0%; rate ratio,
1.19; 95% Cl, 0.91-1.55). After publication of the RECOVERY
findings, three steroid trials, focusing on ICU patients, were
stopped prematurely after inclusion of 384 [83], 299 [84], and
149 [84] patients, respectively. Similarly, a recent meta-analysis
[85], which pooled data from seven RCTs that evaluated the
efficacy of corticosteroids (dexamethasone, hydrocortisone, or
methylprednisolone) in 1703 critically ill patients with COVID-
19 showed an association between systemic corticosteroid
administration and lower all-cause mortality (summary odds
ratio, 0.66; 95% Cl, 0.53-0.82; P < 0.001) [86]. Moreover, the
recently published REMAP-CAP trial showed that treatment
with a 7-day course of hydrocortisone, compared with no
hydrocortisone, yielded 93% and 80% increased probabilities
of improvement in organ support-free days within
21 days [87].
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In summary, evidence suggests that the use of steroids
should be implemented in the care of critically ill patients
with COVID-19 receiving invasive mechanical ventilation and
requiring supplementary oxygen. A list of the ongoing trials is
provided in Appendix 1.

1.9. Antivirals and other drugs

Several antiretroviral agents have been suggested for the
treatment of patients with COVID-19. Remdesivir,
a nucleotide analog, has been used as a therapeutic drug for
Ebola and Marburg virus infections [88], but results from an
RCT published in May 2020 showed that remdesivir was not
associated with any statistically significant clinical benéefits.
A recent randomized, open-label, phase 3 trial [89] randomiz-
ing patients to receive remdesivir for 5 or 10 days found no
significant difference between a 5-day course and a 10-day
course (P = 0.14), and currently, two phase 3, double-blind,
RCTs of remdesivir versus placebo are ongoing [90]; at present,
the routine use of remdesivir has not been recommended for
patients with COVID-19 [91], even though the US Food and
Drug Administration approved its use for COVID-19.

Similar results have been obtained from studies on other
antiretroviral agents. In a recent RCT, the use of lopinavir-
ritonavir was not associated with a significant benefit com-
pared with standard care on patients’ clinical status (hazard
ratio for clinical improvement, 1.31; 95% Cl, 0.95-1.80), and
mortality at 28 days (19.2% versus 25.0%; difference, —5.8 per-
centage points; 95% Cl, —17.3 to 5.7) [92], whereas favipiravir
has recently been approved for clinical trials for the manage-
ment of SARS-CoV-2 [93]. Ongoing studies (Clinicaltrials.gov:
NCT04293887, NCT02845843) are currently exploring the role
of interferon as adjuvant to reduce the replication of SARS-Cov
-2 in combination with antiviral therapy.

Chloroquine and hydroxychloroquine have been widely
proposed as potential therapies against COVID-19 due to
their immunomodulatory effects and possible in vitro antiviral
activity [94]. However, these drugs may carry the risk of cardi-
ovascular complications and arrhythmia [95]. A recent obser-
vational study, in which 811 of 1446 patients (58.9%) received
hydroxychloroquine, suggested that hydroxychloroquine
administration was not associated with either a greatly low-
ered or an increased risk of the composite endpoint of intuba-
tion or death [96]. The recently published RCT Outcomes
Related to COVID-19 Treated with Hydroxychloroquine
Among Inpatients With Symptomatic Disease (ORCHID) trial
demonstrated that treatment with hydroxychloroquine, com-
pared with placebo, did not significantly improve clinical sta-
tus at day 14 (median [interquartile range] score, 6 [4-7]
versus 6 [4-7]; adjusted OR, 1.02 [95%Cl, 0.73-1.42]), thus
not supporting the use of hydroxychloroquine in this group
of patients.

Finally, several molecules have been proposed, especially in
research settings, and are in development. Their mechanism of
action includes inhibition of viral enzymes, including proteases
and components of RNA-dependent RNA polymerase, 3 C-like
proteinase, as well as antisense oligonucleotides, interferons,
and interferon fusion proteins [5,97].

Convalescent plasma [98] and immunoglobulin therapy are
considered potential treatments for patients with COVID-19,
but whether convalescent plasma is beneficial for people
admitted to hospital with COVID-19 is uncertain [99]. The
recently published RCT on convalescent plasma [100] cast
serious doubts on its effectiveness; moreover, the concentra-
tion of antibodies evaluated, and the dosage and timing of
administration are not clear from the literature. Studies using
tolicizumab, an inhibitor of the interleukin-6 receptor, for
COVID-19 showed controversial results [101], and this drug is
not currently used routinely in clinical practice.

Therefore, at present, none of these treatments are cur-
rently implemented routinely in clinical practice. A list of the
ongoing trials is described in Appendix 1.

1.10. Weaning and extubation

Extubation of patients with COVID-19 has the primary aim to
minimize the chance of reintubation, and it is a high-risk
procedure for both ICU staff and patients. Readiness to be
weaned should be evaluated early during mechanical ventila-
tion and assessed by objective criteria. Factors associated with
the risk of reintubation include low PaO2/FiO2 ratio, age,
Acute Physiology and Chronic Health Evaluation (APACHE) Il
score, Rapid Shallow Breathing Index (RSBI), and positive fluid
balance [102]. Clinical criteria to be met before starting
a spontaneous breathing test (SBT) in cases of COVID-19
include adequate cough, satisfactory oxygenation, hemody-
namic stability, adequate level of consciousness, and RSBI
<100 after 2 min of SBT [7,28]. However, recent evidence
suggests that despite the high mortality of patients with
COVID-19 who require mechanical ventilation, most patients
are weaned in a relatively short period of time [103]. In this
context, the important role of early chest physiotherapy has
recently been highlighted [104].

Some precautions should be adopted in the process of
weaning patients with COVID-19. A humidifier with a virus-
filtering function should be used if modified T-piece ventila-
tion is needed. Also, several strategies to reduce the aerosoli-
zation of SARS-CoV-2 have been adopted in recent months
[105], including portable barrier hood devices, the use of wet
gauze, plastic drape covering the patient’s mouth and nose,
the use of masks over tube or extubation boxes, which can
potentially reduce the risk of exposure [106].

In addition, the planned use of noninvasive ventilation
(CPAP, NIV, or high-frequency oscillatory ventilation) after
extubation can be recommended in patients with COVID-19
to reduce the chance of extubation failure. Finally, the role and
timing of tracheotomy during the COVID-19 pandemic
remains to be determined, because evidence is lacking regard-
ing the effects of tracheostomy on a patient’s clinical course.
Although it is not possible to establish an optimal timing for
performing tracheostomy [107], early tracheostomy may
reduce the time of invasive mechanical ventilation, weaning,
with a potential increase in availability of ICU beds during the
pandemic [108,109]. Finally, chest physiotherapy has
a fundamental role in avoiding extubation failure [28], as
well as the availability of a high-dependence unit for post
intensive care to monitor patients for 3-10 days after



extubation before discharging to the regular ward. This mini-
mizes the possible risks of clinical worsening or deterioration
after ICU discharge.

2. Conclusions and future directions

SARS-CoV-2 infection is a complex multiorgan disease with
peculiar and specific characteristics that require aggressive
individualized treatment, especially in mechanically ventilated
patients in the ICU. The fatality rate remains high among those
critically ill patients [110]. Although recent research has
improved our knowledge regarding the pathophysiology of
COVID-19 and clarified the therapeutic role of some specific
drugs and ventilator strategies, questions remain regarding
the optimal management of these patients. In this context, it
is important to better understand the pathophysiology of
SARS-CoV-2-induced pneumonia and damage to other organs,
the best moment to intubate patients with hypoxemia, para-
meters to be evaluated at the bedside and ability to mitigate
patient self-inflicted lung injury and ventilator-induced lung
injury, how to set PEEP in both the supine and prone position,
whether dexamethasone presents similar beneficial effects to
methylprednisolone, and how to avoid lung fibrosis and
strengthen the muscles involved in respiration in mechanically
ventilated patients. A large number of RCTs are ongoing
(Appendix 1) with the aim of clarifying not only mechanical
ventilation strategies but also new therapies such as immuno-
modulator drugs, the use of interferon, hydroxychloroquine, as
well adjuvant strategies such as the use of vitamin C, chole-
calciferol probiotics, etc.

3. Expert opinion

The current pandemic caused by SARS-CoV-2 infection is pos-
ing important challenges for clinicians. Over the last months,
research has improved knowledge of the pathophysiology and
treatment principles in this group of patients. Although some
aspects have been clarified, questions remain regarding the
optimal management of these patients. The application of NIV
continues to be controversial. NIV is a safe, feasible, and useful
ventilatory strategy that may avoid the complications of tra-
cheal intubation and ventilation in selected patients with
COVID-19-associated respiratory failure. However, NIV should
not be prolonged to avoid the risk of lung damage for uncon-
trolled airway pressures. In this context, HFNO can be consid-
ered a good option to improve oxygenation and minimize the
risk of lung injury. Despite the use of noninvasive respiratory
support, a large number of patients with COVID-19 may
develop severe respiratory failure requiring admission to the
ICU and mechanical ventilation.

The principles of ventilator strategies in this group of
patients rely on the specific pathophysiological features of
COVID-19 infection, together with CT findings. In general,
evaluation of respiratory mechanics enables us to assess the
role of different ventilator rescue strategies, such as prone
positioning or the use of iNO. The role and optimal settings
for PEEP are still unclear; PEEP may be useful not only for
reducing atelectasis and recruiting non-aerated areas of the
lung but also for redistributing pulmonary flow and reducing
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shunt. We therefore suggest applying a strategy of lung pro-
tective ventilation and considering and individualizing the
respiratory settings on a case by case basis according to
specific clinical, functional, and imaging features.

In addition, patients with COVID-19 show great complexity
due to multiple organ involvement and a dynamic evolution
over time. Patients with COVID-19 may develop multiorgan
failure, with neurologic, cardiologic, and renal involvement.

To date, there are no specific vaccines or medicines for
COVID-19. Treatments are under investigation and will be
tested through clinical trials. Different drugs against COVID-
19 are classified according to their certain or possible mechan-
isms of action, including inhibitors of viral replication, inhibi-
tors of viral proteases, inhibitors of viral entry to the host cell,
immunoenhancement, immunomodulating, immunosuppres-
sive, anti-inflammatory, and pulmonary vaso-effectors.

At present, RCTs suggest avoiding the use of chloroquine
and hydroxychloroquine as well as convalescent plasma. The
use of remdesivir is still controversial.

Clinical management includes supportive management of
the most common complications of severe COVID-19: pneumo-
nia, hypoxemic respiratory failure/ARDS, sepsis and septic shock,
coagulopathy, cardiomyopathy, acute kidney injury, liver failure,
and complications from prolonged hospitalization, including
secondary bacterial and fungal infections, thromboembolism,
gastrointestinal bleeding, as well as neurologic complications
and critical illness polyneuropathy/myopathy. Recent studies
support the use of dexamethasone 6 mg once daily for up to
10 days, which is currently part of our clinical practice.
Anticoagulant treatment should be based on strict monitoring
of D-dimer, factor Xa, and CT findings to assess the risk of
thromboembolism and bleeding. Strict monitoring of signs of
infection, including fungal infection, laboratory tests, and cul-
tures should also be performed so that antibiotic therapy can be
started promptly; however, prophylactic antibiotic management
is not recommended in these patients. We strongly believe that
RCTs are warranted to answer many open questions that need
to be addressed. Currently, research is focusing mainly on the
safety and efficacy of antiretroviral therapies as well as the use of
adjuvant medications and therapies.
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