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The impact on mortality associated with covid-19 today exceeds five million deaths worldwide, and the number
of deaths continues to rise. The complications of the survivors, socio-economic implications at a global level,
economic limitations in the health systems, and physical and emotional exhaustion of health personnel are
detrimental. Therapeutic strategies are required to limit the evolution of the disease, improve the prognosis of
critically ill patients, and, in countries with low purchasing power, create affordable alternatives that can help

contain the evolution towards the severity of infected people with mild to moderate symptoms. The misinfor-
mation and myths that today are more frequent on social networks and the implementation of practices without
scientific support is a problem that aggravates the general panorama. This review aims to concentrate on the best
evidence for treating SARS-CoV-2 infection in a simple and summarized manner, addressing therapies from their
bases to the most innovative alternatives available today.

1. Introduction

The severe acute respiratory syndrome coronavirus 2 pandemic has
continued to impact global health. However, while immunity acquired
by vaccines has been developed, 40% of the world’s population has still
not been vaccinated. There is no doubt that the best strategy continues
to be prevented through vaccination and limiting the severity of the
disease among infected people. However, despite the complete vacci-
nation scheme, the admission of critically ill patients who require
medical assistance continues. Discussions regarding treatment focused
on pathophysiological aspects are fundamental. We begin the discussion
of these therapeutic alternatives, highlighting some reflections
regarding oxygen therapy and ventilation, which have been little
noticed during the pandemic and are of great importance.

1.1. Oxygen therapy and mechanical ventilation

Although the goal is to maintain the oxygen saturation (SpO2) level
between 92% and 96% in patients infected with SARS-CoV-2, we believe
that this goal should be reconsidered [1]. Pathophysiological aspects of
ARDS due to COVID-19 differ significantly from those of conventional
ARDS. Hence, we address some aspects of this measure’s importance.

Hypoxia plays a limited role in dyspnea, unlike hypercapnia, which
causes dyspnea. Under conditions of mild hypoxemia (PaO 60-65), the
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effects on the respiratory drive are imperceptible, and dyspnea develops
when PaOs falls below 40 mm Hg [2]. The initial response to an acute
change in this value significantly increased ventilation and respiration.
Hyperpnea and tachypnea are two vital signs of hypoxemic respiratory
failure [2]. Guan et al. [3] reported that only 18.7% of patients with
COVID-19 had dyspnea, despite a low PaO5/FiOs fraction value.

Additionally, constitutional factors, such as age and diabetes melli-
tus, dampen the response to hypoxia, especially in populations over 65
years of age [3,4]. The administration of oxygen at high concentrations
(FiO2 >0.6) increases the oxygen tension in the alveoli at a low level of
ventilation, which inhibits HPV [5,6].

Gas exchange units with decreased or absent blood flow (high V/Q)
generate increased dead space and reduced ventilation, represented by
the difference in the alveolar-arterial oxygen concentration, composi-
tion of the gases in venous blood, and consequently wasted breathing.
(Fig. 1)

Of the five existing causes of pulmonary hypoxemia, shunting and
low V/Q mismatch substantially explain some of the pathophysiological
aspects of COVID-19, and none of these respond well to supplemental
oxygen [7].

In the presence of shunting (low V/Q), the increase in FiO, that at-
tempts to improve oxygenation is not particularly effective because it
does not enhance the PaO5 of non-ventilated units, and the extra amount
of oxygen in the circulation cannot compensate for the impact of the
change in blood flow [8,9]. In this context, it is essential to mention that
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Abbreviations

ARDS  acute respiratory distress syndrome
COVID-19 coronavirus disease

FiO, fraction of inspired oxygen

HPV hypoxic pulmonary vasoconstriction
SpO 2  oxygen saturation

PaO, partial pressure of oxygen

PEEP positive end-expiratory pressure
V/Q ventilation-perfusion

ACE2 angiotensin-converting enzyme 2

TMPRSS2 transmembrane serine protease 2

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
5-HT2  5-hydroxy-tryptamine

ECMO  Extracorporeal Membrane Oxygenation

the administration of high oxygen concentrations can be associated with
reabsorption atelectasis, increasing nitrogen removal and allowing the
diffusion of inspired oxygen into the blood, causing alveolar collapse
[10,11].

Myti et al. [11] demonstrated that an increase in FiO5 concentration
at high doses increased the expression of receptors and co-receptors for
the entry of SARS-CoV-2, including ACE2. The expression of trans-
membrane serine proteases TMPRSS1, TMPRSS, and TMPRS11D in
airways, lungs, and intestinal epithelial cells was four times higher in the
first 48 h of oxygen administration, with an average FiO, of 0.85 and
was related to severe deterioration of affected patients [11]. (Fig. 2)

Interventions that could improve hypoxemia in shunts include
increasing mixed venous oxygen saturation, increasing hemoglobin
concentration, decreasing oxygen consumption, and increasing cardiac
output. Paradoxically, it has been shown that the shunt fraction worsens
significantly with increased cardiac output and may be less effective
than planned [12,13].

Multiple investigations have demonstrated that the administration of
non-invasive positive pressure ventilation increases the total dead space
due to increased airway pressure, which results in compression of
alveolar capillaries in non-dependent pulmonary regions [14,15].

Furthermore, the association between higher positive end-expiratory
pressure (PEEP) (lower PaOy/FiO3), worsening hypoxemia, and a higher
fraction of physiological dead space (higher ventilatory ratio) point to
vascular dysregulation disproportionately aggravated by redirection of
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perfusion away from overdistended oxygenated alveoli, without the
benefits of additional lung recruitment, consistent with recent studies on
the variable efficacy of lung recruitment in COVID-19-induced ARDS
[14,15].

Finally, the effects of PEEP on dead space could be attenuated if the
negative impact of PEEP on cardiac output was counteracted by fluid
loading to increase cardiac preload, which also indicates that the
reduction of cardiac output could significantly increase the dead space
[14-16]. Despite capillary leakage, existing pulmonary interstitial
edema can worsen, further deepening the deterioration of gas exchange.
In all cases requiring mechanical ventilation due to the measures
refractoriness, the intervention should not be delayed [15-18]. In me-
chanically ventilated patients, the use of neuromuscular blockers for 48
h with continuous infusion additionally demonstrated a benefit in terms
of mortality at 90 days. These results were linked to cisatracurium in the
ACURASYS trial [19,20].

The prone position decreases shunt and V/Q mismatch, improves
oxygenation, and significantly impacts survival. This intervention is not
related to an improvement in gas exchange but rather to a more uniform
distribution of regional ventilation and eversion of the vascular redis-
tribution that leads to minor lung injury and should be implemented in
the admission of patients with hypoxemia [20]. Lung recruitment and
perfusion from this therapy improved the 90-day mortality in the
PROSEVA trial. The prone position has also been shown to relieve right
ventricular tension secondary to increased pulmonary vascular resis-
tance in the context of hypoxemia and hypercapnia [21].

1.2. Glucocorticoids

The use of glucocorticoids in the early stages of the pandemic has
been a controversial issue. Although they are used in other types of se-
vere viral pneumonia (SARS, seasonal, and avian influenza) [22-24],
some contraindications in immunosuppressed patients and the risk of
bacterial superinfections have been a concern.

The first small-scale trial in China showed promising results with
improved clinical outcomes using methylprednisolone [25]. It was not
until the results of the RECOVERY trial that its use was standardized on a
large scale [26]. Of the primary outcomes, the results showed a signif-
icant decrease in mortality at 28 days, reduced need for mechanical
ventilation, clinical improvement in patients treated conventionally
during mechanical ventilation, and those who received oxygen therapy
[26]. The benefits of this therapy did not extend to patients who did not
require respiratory support [26]. Among the secondary outcomes, the
hospitalization rate decreased considerably in the dexamethasone

Fig. 1. Spectrum of ventilation/perfusiéon (V/Q)
mismatch in COVID-19. Multiple pathophysiological
abnormalities coexist in the context of COVID-19
infection. Injury induced by direct or indirect dam-
age leads to the release of cytokines and reactive
oxygen species (ROS) and subsequently increased
paracellular permeability with alveolar edema.
Existing prothrombotic effects impair perfusion,
leading to severe hypoxia. In neither of these sce-
narios does the administration of supplemental oxy-
gen increase PaO2.
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group, and the 28-day discharge goal was higher for patients who
received ventilatory assistance.

Additionally, steroids could limit relative adrenal insufficiency in
patients with COVID-19. A recent study published by Perez-Torres et al.
[27] demonstrated that the presence of immunoglobulin E
anti-adrenocorticotropic hormone antibodies with decreased plasma
cortisol levels, despite the administration of steroids as part of the
treatment  protocol,  attenuated the response of the
hypothalamic-pituitary-adrenal axis, which could play an essential role
in the pathophysiology of severe disease due to COVID-19 [27].

1.3. Nucleosides analogs

The prototype drug remdesivir, used in other lethal infectious en-
tities (Ebola and Nipah viruses), has shown practical antiviral effects
[28-30]. It induces the inhibition of coronavirus RNA polymerase
replication in respiratory epithelial cells, leading to a decrease in the
viral load in lung cells [31,32]. The use of remdesivir for ten days re-
ported by Beigel et al. [32] showed a reduction in the number of days for
recovery and hospitalization, with no impact on overall mortality.

1.4. Monoclonal antibodies

1.4.1. Tocilizumab

It is a monoclonal antibody directed against the IL-6 receptor used in
inflammatory rheumatological diseases [33,34]. The use of tocilizumab
in endothelial dysfunction and increased vascular permeability due to
COVID-19 showed benefits in the resolution of symptoms, reduced ox-
ygen use, and the need for mechanical ventilation [35-37]. However,
more recently, the results of the COVACTA trial [38], which were later
confirmed by the REMDACTA trial [39], were disappointing, as they did
not show any benefit in mortality or length of hospitalization with the
use of this drug.

1.4.2. Sotrovimab
The second monoclonal antibody acts on the spike protein (S), pre-
venting the adherence and penetration of the virus into host cells [40]. It

A rapid removal of alveolar
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Fig. 2. Effects of high concentrations of oxygen.
The toxic effects of oxygen have been widely
described. Lung injury induced by free radical gen-
eration resembles injury in respiratory distress syn-
drome. High concentrations of oxygen increase
airway resistance, which is reversible in the short
term but becomes refractory sometime later. More-
over, changes related to lobar hepatization and for-
mation of hyaline membranes are shown with
proliferative pneumonitis that affects alveolar
epithelium and fibroblasts. It should not be forgotten
that high concentrations produce reabsorption atel-
ectasis; Increased oxygen concentrations cause alve-
olar nitrogen to be rapidly removed, increasing
oxygen diffusion into the bloodstream causing alve-
olar collapse.

nitrogen

Reabsorption
atelectasis

is a monoclonal antibody designed for patients over 12 years of age and
over 40 kg with positive test results for SARS-CoV-2, initial outpatient
symptoms, and no supplemental oxygen. These results are promising,
although premature [40,41]. The administration of these drugs to hos-
pitalized and critically ill patients is associated with worse clinical
outcomes [41].

1.4.3. REGEN-COV (Ronapreve)

This combination of monoclonal antibodies (casivirimab and imde-
vimab) acts by binding to the epitopes of the binding domain in the peak
protein of SARS-CoV-2, maintaining efficacy in the neutralization of
variants of concern and apparently with effectiveness against variant
resistance. The trial results showed a significant reduction in viral load
and faster recovery rates than those in the control group. In the sub-
analysis of the study, this combination of antibodies was administered
preventively to minors between 12 and 17 years of age, showing that
none of the infected patients had symptoms related to the infection. In
the same sub-analysis, only 2% of participants under 50 years of age
showed symptomatic disease [42].

Following the immunomodulatory pathway, two potent monoclonal
antibodies initially discovered in convalescent plasma from a COVID-19
patient and later developed by Eli Lilly were bamlanivimab and etese-
vimab [43]. The results of phase 2 and those published at the beginning
of phase 3 of the BLAZE-1 trial showed bamlanivimab as monotherapy,
and the combined use of bamlanivimab and etesevimab significantly
reduced hospitalization and progression of the clinical condition [43,
44]. Therefore, they received authorization from the Food and Drug
Administration (FDA) for emergency use [45,46]. Candidate patients for
therapy (mono- or combined therapy) were outpatients over 12 years of
age with mild-to-moderate disease, with a significant risk of progression
to severe illness. Final results of phase 3 of the BLAZE-1 trial [47]
showed a reduction in mortality associated with the use of these drugs,
in addition to a 16-fold reduction in viral load when bamlanivimab and
etesevimab were used together, compared with the control group [47].
Although low (estimated at 1.4% for bamlanivimab and 13.3% for
bamlanivimab and etesevimab), the adverse effects were considerable,
including nausea, rash, dizziness, diarrhea, and systemic arterial
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hypertension.

The use of a combination of monoclonal antibodies (tixagevimab and
cligavimab) (Evusheld) was recently approved by the FDA for pre-
exposure use [48]. As previously mentioned, these antibodies have an
affinity for different sites of the SARS-CoV-2 peak protein, showing
reduced Fc receptor and Cl1q complement binding. Phase III results in
the PROVENT assay show prolonged action of the drug, which could
confer protection for up to 12 months in a single application [49,50].
They were designed to be administered to patients older than 12 years
who did not show adequate immunity after vaccination or in cases with
contraindications. The effects of medication in general use will still have
to be detailed on a large scale. An additional concern is a cost of
acquiring these medications if they become a part of current innovative
drugs that could limit the effects of the pandemic.

1.5. Janus kinase inhibitor

Following inflammatory dysregulation and attempts to mitigate it,
analysis of algorithms using artificial intelligence suggested baricitinib.
Janus kinase 1 and 2 inhibitors act by inhibiting intracellular cytokine
signaling (IL-2, IL-6, IL-10, IF-y, and granulocyte colony-stimulating
factor) and directly against the virus through the deterioration of pro-
tein kinase 1, prevention of viral entry, and decrease in cellular effec-
tiveness. Administered at a rate of 4 mg/day or 2 mg/day for 14 days in
case of impaired renal clearance (<60 ml/min), it showed significantly
faster recovery rates compared to the control groups [51]. Later, the
results of the Adaptive COVID-19 Treatment Trial 2 trial published by
Kalil et al. [52] showed the substantial benefits of the combination of
baricitinib and remdesivir in short-term recovery rates, with an
improvement in the blockage of the immune cascade and a significant
reduction in viral replication.

1.6. Novel antivirals

Efforts to find an ideal drug for fighting COVID-19 have been meri-
torious but have limited efficacy. Economic disparities in the acquisition
of these, precariousness (such as in the case of remdesivir), and limita-
tions in distribution have been the main limitations. The scientific and
medical community has recently been interested in two antivirals:
molnupiravir and paxlovid.

Molnupiravir is an antiviral agent that induces mutagenesis by
introducing errors into the viral genome, targeting RNA-dependent RNA
polymerase (such as nucleoside analogs) [53]. The intermediate results
of the MOVe-OUT trial showed a 50% reduction in the hospitalization
rate in patients who received the drug (7.3% of the patients who
received molnupiravir compared with 14.1% in the control group)
without having reported deaths in the group. Preliminary results have
been encouraging, and the ease of administration (compared to
remdesivir) makes it an ideal drug for outpatient use [53].

In contrast, preliminary phase II-III results regarding Paxlovid [54]
found an 89% reduction in the hospitalization rate. It decreased mor-
tality when used within the first three days of the onset of symptoms.
Both drugs have received approval for emergency use in the United
Kingdom. Although the results are preliminary, they are still encour-
aging. The final phase results are needed; however, it could become the
drug of choice for early SARS-CoV-2 infection.

2. Repurposing drugs in COVID-19

As we delve deeper into the pathophysiological aspects of SARS-CoV-
2 infection and consider the inequity in acquiring high-cost drugs,
reconsidering the reuse of previously studied drugs appears to be an
effective strategy.

Kuindersma et al. [55] proposed using serotonin receptor antagonists
during the early stages of infection. In non-hypoxic conditions, serotonin
appears to have implications for NO generation through the 5-HT2b
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receptor, which consequently causes vasodilation. In an environment
of hypoxia, vasoconstriction, secondary to smooth muscle contraction
and deterioration of the HPV mechanism through 5-HT2a receptors,
occurs without the possibility of NO regeneration. In this context, the
increase in serotonin secretion would perpetuate microvascular vaso-
constriction, significantly impairing V/Q mismatch and hypoxia. As a
5-HT2a receptor antagonist, Ketanserin could reverse microvascular
vasoconstriction, improving the perfusion of relatively preserved areas
and, secondarily, inhibiting platelet aggregation and preventing addi-
tional serotonin formation and thrombosis [55].

Following the line of repurposing and selective serotonin reuptake
inhibitor drugs, considering Fluvoxamine [56] among the repurposed
drugs is inevitable. The mechanisms of action of fluvoxamine in
COVID-19 are uncertain, although the anti-inflammatory and antiviral
mechanisms remain unclear. In the TOGETHER trial, a randomized
controlled trial, fluvoxamine 100 mg twice daily for ten days showed a
clinically significant absolute risk reduction of 5% and a relative risk
reduction of 32% in the hospitalization rate within the initial stage of
infection. Modulation of the release of inflammatory cytokines through
the activation of the S1R receptor and its antiplatelet activity resembles
the effects of ketanserin [56].

This strategy for reusing low-cost, highly safe, easy-to-use, readily
available, and tolerable drugs could be successful in countries with
difficulties in acquiring novel drugs. Large-scale trials are necessary to
consider them as practical and valuable alternatives.

2.1. Extracorporeal membrane oxygenation (ECMO)

After comprehensively addressing the pathophysiological aspects of
severe SARS-CoV-2 infection, it is clear that the only helpful strategy in
the context of shunts and V/Q mismatch is ECMO.

Preliminary reports at the beginning of the pandemic showed unfa-
vorable results regarding the use of ECMO in ARDS secondary to COVID-
19 [57]. As the pandemic evolved, mortality rates have been equated in
various published cohorts, comparable to those of the extracorporeal
membrane oxygenation for severe acute respiratory distress syndrome
trial (35.7% in the venovenous context) [58]. The diversity in the results
may be due to the heterogeneity of the criteria for including patients in
therapy and should be considered using a multidisciplinary group,
evaluating the benefit to the patients, the impact of additional patients,
and the health systems to which they belong. Favorable results have
been demonstrated in patients who underwent ECMO three days after
initiating mechanical ventilation [59].

The selection criteria for the initiation of ECMO therapy were as
follows: a P/F ratio <80 mmHg for more than 6 h; P/F radius <50 mmHg
for more than 3 h; pH < 7.25 with an increase in the partial pressure of
CO3 of >60 mmHg, which is maintained for more than 6 h [56,57]. Poor
prognostic factors associated with ECMO therapy include age, chronic
lung disease, renal failure before treatment, immunocompromised sta-
tus, low body mass index, and cardiac arrest before the intervention
[59]. Complications associated with ECMO therapy include medical and
intracerebral hemorrhage prevalent in up to 12% of patients, including
those related to the circuit (circuit change, membrane failure, cannu-
lation problems, and cannulae) and pump failure [59-61]. (Fig. 3)

Although controversy persists, ECMO therapy should be considered
in the care protocols for critically ill patients with ARDS secondary to
COVID-19. The refractoriness of initial treatment, improvement in the
patient selection protocols, and early use of the device should encourage
multidisciplinary teams not to rule out therapy as long as it is within
reach of the care services [62-65].

3. Conclusion
The evidence gathered throughout the COVID-19 pandemic

strengthens the bases related to a disproportionate inflammatory state
impacting the vascular endothelium, leading to catastrophic
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* CO2 removal

* Reduction in the concentration of
cytokines at the pulmonary level

Fig. 3. Benefits of extracorporeal membrane circulation (ECMO). The benefits of this intervention extend to respiratory and cardiovascular support, effectively
removing concentrations of carbon dioxide (CO2), significantly reducing concentrations of pulmonary inflammatory cytokines, and eliminating shunts.

consequences. Disparities in symptoms and severity are not yet fully
defined, but genetic factors and diversity in viral entry pathways offer
explanations. The dominant variants worldwide are delta and omicron,
with overwhelming dominance. The increased potential for omicron
transmissibility and its non-serious symptoms could have led to the end
of the pandemic. However, severe delta variant cases and the unvacci-
nated population who do not have the means to get vaccinated or refuse
to adopt this preventive strategy will continue to need hospitalization in
intensive care units. We trust that this document can contribute to the
unification of care efforts and generate great success in the critical care
of patients with COVID-19.
Human subjects/informed consent statement

Not applicable.
Data availability statement

Not applicable.
Provenance and peer review

Not commissioned, externally peer reviewed.
Ethical approval

Not applicable.
Sources of funding

No funding.
Author contribution

This manuscript was written entirely by this author.

Registration of research studies

1 Name of the registry: Not applicable
2 Unique Identifying number or registration ID: Not applicable

3 Hyperlink to your specific registration (must be publicly accessible
and will be checked): None

Guarantor

I take full responsibility for the publication of the manuscript:
Dr. Francisco Javier Gonzalez Ruiz.

Declaration of competing interest

The author declares that there is no conflict of interest.

Acknowledgments

I want to thank the Cardiovascular Critical Care Unit staff of the
National Institute of Cardiology.

Biorender.com to provide the necessary tools to create high-quality
designs.

References

[1] L. Barrot, P. Asfar, F. Mauny, et al., Liberal or conservative oxygen therapy for
acute respiratory distress syndrome, N. Engl. J. Med. 382 (11) (2020) 999-1008.
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32160661.

[2] K. Vaporidi, E. Akoumianaki, I. Telias, E.C. Goligher, L. Brochard, D. Georgopoulos,
Respiratory drive in critically ill patients. Pathophysiology and clinical
implications, Jan; 1, Am. J. Respir. Crit. Care Med. 201 (1) (2020) 20-32, https://
doi.org/10.1164/rccm.201903-059650. PMID:31437406.

[3] W.J. Guan, Z.Y. Ni, Y. Hu, et al., Clinical characteristics of coronavirus disease
2019 in China, N. Engl. J. Med. 382 (2020) 1708-1720.

[4] S.H. Moosavi, E. Golestanian, A.P. Binks, R.W. Lansing, R. Brown, R.B. Banzett,
Hypoxic and hypercapnic drives to breathe generate equivalent levels of air hunger
in humans, J. Appl. Physiol. 94 (2003) 141-154.

[5] C.J. Weisbrod, P.R. Eastwood, G. O’Driscoll, D.J. Green, Abnormal ventilatory
responses to hypoxia in Type 2 diabetes, Diabet. Med. 22 (2005) 563-568.

[6] M. Nishimura, K. Miyamoto, A. Suzuki, et al., Ventilatory and heart rate responses
to hypoxia and hypercapnia in patients with diabetes mellitus, Thorax 44 (1989)
251-257.

[7] C.J. Weisbrod, P.R. Eastwood, G. O’Driscoll, D.J. Green, Abnormal ventilatory
responses to hypoxia in Type 2 diabetes, Diabet. Med. 22 (2005) 563-568.

[8] M. Aubier, D. Murciano, J. Milic-Emili, et al., Effects of the administration of O2 on
ventilation and blood gases in patients with chronic obstructive pulmonary disease
during acute respiratory failure, Am. Rev. Respir. Dis. 122 (1980) 747-754.

[9] J.W. Peterson, R. Glenny, Gas exchange and ventilation-perfusion relationships in
the lung, ERS (2014), https://doi.org/10.1183/09031936.00037014.


https://www.ncbi.nlm.nih.gov/pubmed/32160661
https://doi.org/10.1164/rccm.201903-0596SO
https://doi.org/10.1164/rccm.201903-0596SO
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref3
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref3
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref4
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref4
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref4
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref5
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref5
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref6
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref6
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref6
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref7
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref7
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref8
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref8
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref8
https://doi.org/10.1183/09031936.00037014

F.J. Gonzalez-Ruiz

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

M. Nakane, Biological effects of the oxygen molecule in critically ill patients, j
intensive care 8 (2020) 95, https://doi.org/10.1186/540560-020-00505-9.

D. Myti, M. Gunjak, F. Casado, et al., Elevated FiO2 increases SARS-CoV-2 co-
receptor expression in respiratory tract epithelium, Am. J. Physiol. Lung Cell Mol.
Physiol. 319 (2020) L670-L674.

D.R. Dantzker, J.P. Lynch, J.G. Weg, Depression of cardiac output is a mechanism
of shunt reduction in the therapy of acute respiratory failure, Chest 77 (5) (1980
May) 636-642, https://doi.org/10.1378/chest.77.5.636. PMID: 6988180.

J. Takala, Hypoxemia due to increased venous admixture: influence of cardiac
output on oxygenation, Intensive Care Med. 33 (5) (2007 May) 908-911, https://
doi.org/10.1007/500134-007-0546-x. Epub 2007 Mar 7. PMID: 17342520.

L.S. Menga, L.D. Cese, F. Bongiovanni, G. Lombardi, T. Michi, F. Luciani, M. Cicetti,
J. Timpano, M.C. Ferrante, M. Cesarano, G.M. Anzellotti, T. Rosa, D. Natalini, E.
S. Tanzarella, S.L. Cutuli, G. Pintaudi, G. De Pascale, A.M. Dell’Anna, G. Bello, M.
A. Pennisi, S.M. Maggiore, R. Maviglia, D.L. Grieco, M. Antonelli, High failure rate
of noninvasive oxygenation strategies in critically ill subjects with acute
hypoxemic respiratory failure due to COVID-19, Respir. Care 66 (5) (2021 May)
705-714, https://doi.org/10.4187 /respcare.08622. Epub 2021 Mar 2. PMID:
33653913.

COVID-ICU group, for the REVA network, COVID-ICU investigators, Benefits and
risks of non-invasive oxygenation strategy in COVID-19: a multicenter, prospective
cohort study (COVID-ICU) in 137 hospitals, Crit. Care 25 (1) (2021 Dec 8) 421,
https://doi.org/10.1186/513054-021-03784-2. PMID: 34879857; PMCID:
PMC8653629.

B.V. Patel, D.J. Arachchillage, C.A. Ridge, P. Bianchi, J.F. Doyle, B. Garfield,

S. Ledot, C. Morgan, M. Passariello, S. Price, S. Singh, L. Thakuria, S. Trenfield,
R. Trimlett, C. Weaver, S.J. Wort, T. Xu, S.P.G. Padley, A. Devaraj, S.R. Desali,
Pulmonary angiopathy in severe COVID-19: physiologic, imaging, and hematologic
observations, Am. J. Respir. Crit. Care Med. 202 (5) (2020 Sep 1) 690-699, https://
doi.org/10.1164/rccm.202004-14120C. PMID: 32667207; PMCID: PMC7462405.
AF. Haudebourg, F. Perier, S. Tuffet, N. de Prost, K. Razazi, A. Mekontso Dessap,
G. Carteaux, Respiratory mechanics of COVID-19- versus non-COVID-19-associated
acute respiratory distress syndrome, Am. J. Respir. Crit. Care Med. 202 (2) (2020
Jul 15) 287-290, https://doi.org/10.1164/rccm.202004-1226LE. PMID:
32479162; PMCID: PMC7365370.

X. Liu, X. Liu, Y. Xu, Z. Xu, Y. Huang, S. Chen, S. Li, D. Liu, Z. Lin, Y. Li, Ventilatory
ratio in hypercapnic mechanically ventilated patients with COVID-19-associated
acute respiratory distress syndrome, Am. J. Respir. Crit. Care Med. 201 (10) (2020
May 15) 1297-1299, https://doi.org/10.1164/rccm.202002-0373LE. PMID:
32203672; PMCID: PMC7233337.

L. Papazian, J.M. Forel, A. Gacouin, C. Penot-Ragon, G. Perrin, A. Loundou,

S. Jaber, J.M. Arnal, D. Perez, J.M. Seghboyan, J.M. Constantin, P. Courant, J.

Y. Lefrant, C. Guérin, G. Prat, S. Morange, A. Roch, ACURASYS Study Investigators,
Neuromuscular blockers in early acute respiratory distress syndrome, N. Engl. J.
Med. 363 (12) (2010 Sep 16) 1107-1116, https://doi.org/10.1056/
NEJMoal005372.PMID:20843245.

H. Torbic, S. Krishnan, A. Duggal, Neuromuscular blocking agents for acute
respiratory distress syndrome: how did we get conflicting results? Crit. Care 23 (1)
(2019 Sep 6) 305, https://doi.org/10.1186/513054-019-2586-3. PMID: 31492197;
PMCID: PMC6728955.

C. Guérin, J. Reignier, J.C. Richard, P. Beuret, A. Gacouin, T. Boulain, E. Mercier,
M. Badet, A. Mercat, O. Baudin, M. Clavel, D. Chatellier, S. Jaber, S. Rosselli,

J. Mancebo, M. Sirodot, G. Hilbert, C. Bengler, J. Richecoeur, M. Gainnier, F. Bayle,
G. Bourdin, V. Leray, R. Girard, L. Baboi, L. Ayzac, PROSEVA Study Group, Prone
positioning in severe acute respiratory distress syndrome, N. Engl. J. Med. 368 (23)
(2013 Jun 6) 2159-2168, https://doi.org/10.1056/NEJMoal214103. Epub 2013
May 20. PMID: 23688302.

C.K. Wong, C.W. Lam, A.K. Wu, W.K. Ip, N.L. Lee, L.H. Chan, L.C. Lit, D.S. Hui, M.
H. Chan, S.S. Chung, J.J. Sung, Plasma inflammatory cytokines and chemokines in
severe acute respiratory syndrome, Clin. Exp. Immunol. 136 (1) (2004 Apr)
95-103, https://doi.org/10.1111/j.1365-2249.2004.02415.x. PMID: 15030519;
PMCID: PMC1808997.

M.D. de Jong, C.P. Simmons, T.T. Thanh, V.M. Hien, G.J. Smith, T.N. Chau, D.
M. Hoang, N.V. Chau, T.H. Khanh, V.C. Dong, P.T. Qui, B.V. Cam, Q. Ha do,

Y. Guan, J.S. Peiris, N.T. Chinh, T.T. Hien, J. Farrar, Fatal outcome of human
influenza A (H5N1) is associated with high viral load and hypercytokinemia, Nat.
Med. 12 (10) (2006 Oct) 1203-1207, https://doi.org/10.1038/nm1477. Epub
2006 Sep 10. PMID: 16964257; PMCID: PMC4333202.

J.K. Baillie, P. Digard, Influenza-time to target the host? N. Engl. J. Med. 369 (2)
(2013 Jul 11) 191-193, https://doi.org/10.1056/NEJMcibr1304414.PMID:
23841736.

L. Corral-Gudino, A. Bahamonde, F. Arnaiz-Revillas, J. Gomez-Barquero, J. Abadia-
Otero, C. Garcia-Ibarbia, V. Mora, A. Cerezo-Hernandez, J.L. Hernandez, G. Lopez-
Muniz, F. Hernandez-Blanco, J.M. Cifridn, J.M. Olmos, M. Carrascosa, L. Nieto, M.
C. Farinas, J.A. Riancho, GLUCOCOVID investigators. Methylprednisolone in
adults hospitalized with COVID-19 pneumonia : an open-label randomized trial
(GLUCOCOVID), Wien Klin. Wochenschr. 133 (7-8) (2021 Apr) 303-311, https://
doi.org/10.1007/500508-020-01805-8. Epub 2021 Feb 3. PMID: 33534047;
PMCID: PMC7854876.

RECOVERY Collaborative Group, P. Horby, W.S. Lim, J.R. Emberson, M. Mafham,
J.L. Bell, L. Linsell, N. Staplin, C. Brightling, A. Ustianowski, E. Elmahi, B. Prudon,
C. Green, T. Felton, D. Chadwick, K. Rege, C. Fegan, L.C. Chappell, S.N. Faust,

T. Jaki, K. Jeffery, A. Montgomery, K. Rowan, E. Juszczak, J.K. Baillie, R. Haynes,
M.J. Landray, Dexamethasone in hospitalized patients with covid-19, N. Engl. J.
Med. 384 (8) (2021 Feb 25) 693-704, https://doi.org/10.1056/NEJMoa2021436.
Epub 2020 Jul 17. PMID: 32678530; PMCID: PMC7383595.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Annals of Medicine and Surgery 77 (2022) 103709

D. Pérez-Torres, C. Diaz-Rodriguez, A. Armentia-Medina, Anti-ACTH antibodies in
critically ill covid-19 patients: a potential immune evasion mechanism of SARS-
CoV-2, Med. Intensiva (2021 Oct 8), https://doi.org/10.1016/j.
medin.2021.09.002. Epub ahead of print. PMID: 34642524; PMCID: PMC8498650.
Y.C. Cao, Q.X. Deng, S.X. Dai, Remdesivir for severe acute respiratory syndrome
coronavirus 2 causing COVID-19: an evaluation of the evidence, Trav. Med. Infect.
Dis. 35 (2020 May-Jun) 101647, https://doi.org/10.1016/j.tmaid.2020.101647.
Epub 2020 Apr 2. PMID: 32247927; PMCID: PMC7151266.

E. de Wit, F. Feldmann, J. Cronin, R. Jordan, A. Okumura, T. Thomas, D. Scott,
T. Cihlar, H. Feldmann, Prophylactic and therapeutic remdesivir (GS-5734)
treatment in the rhesus macaque model of MERS-CoV infection, Proc. Natl. Acad.
Sci. U. S. A. 117 (12) (2020 Mar 24) 6771-6776, https://doi.org/10.1073/
pnas.1922083117. Epub 2020 Feb 13. PMID: 32054787; PMCID: PMC7104368.
T. Warren, R. Jordan, M. Lo, et al., Nucleotide prodrug GS-5734 is a broad-
spectrum filovirus inhibitor that provides complete therapeutic protection against
the de- velopment of Ebola virus disease (EVD) in infected non-human primates,
139, 2015, pp. 311-320.

M.K. Lo, F. Feldmann, J.M. Gary, R. Jordan, R. Bannister, J. Cronin, N.R. Patel, J.
D. Klena, S.T. Nichol, T. Cihlar, S.R. Zaki, H. Feldmann, C.F. Spiropoulou, E. de
Wit, Remdesivir (GS-5734) protects African green monkeys from Nipah virus
challenge, eaau9242, Sci. Transl. Med. 11 (494) (2019 May 29), https://doi.org/
10.1126/scitranslmed.aau9242. PMID: 31142680; PMCID: PMC6732787.

C.J. Gordon, E.P. Tchesnokov, J.Y. Feng, D.P. Porter, M. Gétte, The antiviral
compound remdesivir potently inhibits RNA-dependent RNA polymerase from
Middle East respiratory syndrome coronavirus, J. Biol. Chem. 295 (15) (2020 Apr
10) 47734779, https://doi.org/10.1074/jbe.AC120.013056. Epub 2020 Feb 24.
PMID: 32094225; PMCID: PMC7152756.

J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. Mehta, B.S. Zingman, A.C. Kalil,

E. Hohmann, H.Y. Chu, A. Luetkemeyer, S. Kline, D. Lopez de Castilla, R.

W. Finberg, K. Dierberg, V. Tapson, L. Hsieh, T.F. Patterson, R. Paredes, D.

A. Sweeney, W.R. Short, G. Touloumi, D.C. Lye, N. Ohmagari, M.D. Oh, G.M. Ruiz-
Palacios, T. Benfield, G. Fatkenheuer, M.G. Kortepeter, R.L. Atmar, C.B. Creech,
J. Lundgren, A.G. Babiker, S. Pett, J.D. Neaton, T.H. Burgess, T. Bonnett, M. Green,
M. Makowski, A. Osinusi, S. Nayak, H.C. Lane, ACTT-1 Study Group Members,
Remdesivir for the treatment of covid-19 - final report, N. Engl. J. Med. 383 (19)
(2020 Nov 5) 1813-1826, https://doi.org/10.1056/NEJM0a2007764. Epub 2020
Oct 8. PMID: 32445440; PMCID: PMC7262788.

A. Rubbert-Roth, D.E. Furst, J.M. Nebesky, A. Jin, E. Berber, A review of recent
advances using tocilizumab in the treatment of rheumatic diseases, Rheumatol
Ther 5 (1) (2018 Jun) 21-42, https://doi.org/10.1007/s40744-018-0102-x. Epub
2018 Mar 3. PMID: 29502236; PMCID: PMC5935615.

M. Cellina, M. Orsi, F. Bombaci, M. Sala, P. Marino, G. Oliva, Favorable changes of
CT findings in a patient with COVID-19 pneumonia after treatment with
tocilizumab, Diagn Interv Imaging 101 (5) (2020 May) 323-324, https://doi.org/
10.1016/j.diii.2020.03.010. Epub 2020 Mar 31. PMID: 32278585; PMCID:
PMC7270926.

J.M. Michot, L. Albiges, N. Chaput, V. Saada, F. Pommeret, F. Griscelli,

C. Balleyguier, B. Besse, A. Marabelle, F. Netzer, M. Merad, C. Robert, F. Barlesi,
B. Gachot, A. Stoclin, Tocilizumab, an anti-IL-6 receptor antibody, to treat COVID-
19-related respiratory failure: a case report, Ann. Oncol. 31 (7) (2020 Jul)
961-964, https://doi.org/10.1016/j.annonc.2020.03.300. Epub 2020 Apr 2.
PMID: 32247642; PMCID: PMC7136869.

X. Zhang, K. Song, F. Tong, M. Fei, H. Guo, Z. Lu, J. Wang, C. Zheng, First case of
COVID-19 in a patient with multiple myeloma successfully treated with
tocilizumab, Blood Adv 4 (7) (2020 Apr 14) 1307-1310, https://doi.org/10.1182/
bloodadvances.2020001907. PMID: 32243501; PMCID: PMC7160284.

1.0. Rosas, N. Brau, M. Waters, R.C. Go, B.D. Hunter, S. Bhagani, D. Skiest, M.

S. Aziz, N. Cooper, 1.S. Douglas, S. Savic, T. Youngstein, L. Del Sorbo, A. Cubillo
Gracian, D.J. De La Zerda, A. Ustianowski, M. Bao, S. Dimonaco, E. Graham,

B. Matharu, H. Spotswood, L. Tsai, A. Malhotra, Tocilizumab in hospitalized
patients with severe covid-19 pneumonia, N. Engl. J. Med. 384 (16) (2021 Apr 22)
1503-1516, https://doi.org/10.1056/NEJMo0a2028700. Epub 2021 Feb 25. PMID:
33631066; PMCID: PMC7953459.

K.C. Tatham, M. Shankar-Hari, Y.M. Arabi, The REMDACTA trial: do interleukin
receptor antagonists provide additional benefit in COVID-19? Intensive Care Med.
47 (11) (2021 Nov) 1315-1318, https://doi.org/10.1007/s00134-021-06540-w.
Epub 2021 Oct 7. PMID: 34617150; PMCID: PMC8494625.

E. Mahase, Covid-19: UK approves monoclonal antibody sotrovimab for over 12s at
high risk, n2990, BMJ 375 (2021 Dec 2), https://doi.org/10.1136/BMJ.n2990.
PMID: 34857518.

Food and Drug Administration, Coronavirus(covid-19) update: FDA authorizes
additional monoclonal antibody for treatment of covid-19. https://www.fda.
gov/newsevents/press-announcements/coronavirus-covid-19-update-fda-author
izes-additional-monoclonal-antibody-treatment-covid-19.

T. Merison, A. Goldman, D. Bomze, Subcutaneous REGEN-COV antibody
combination to prevent covid-19, N. Engl. J. Med. 385 (20) (2021 Nov 11) €70,
https://doi.org/10.1056/NEJMc2113862. Epub 2021 Oct 6. PMID: 34614318.

R. Shi, C. Shan, X. Duan, et al., A human neutralizing antibody targets the receptor-
binding site of SARS-CoV-2, Nature 584 (2020) 120-124.

R. Shi, C. Shan, X. Duan, Z. Chen, P. Liu, J. Song, T. Song, X. Bi, C. Han, L. Wu,
G. Gao, X. Hu, Y. Zhang, Z. Tong, W. Huang, W.J. Liu, G. Wu, B. Zhang, L. Wang,
J. Qi, H. Feng, F.S. Wang, Q. Wang, G.F. Gao, Z. Yuan, J. Yan, A human
neutralizing antibody targets the receptor-binding site of SARS-CoV-2, Nature 584
(7819) (2020 Aug) 120-124, https://doi.org/10.1038/541586-020-2381-y. Epub
2020 May 26. PMID: 32454512.


https://doi.org/10.1186/s40560-020-00505-9
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref11
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref11
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref11
https://doi.org/10.1378/chest.77.5.636
https://doi.org/10.1007/s00134-007-0546-x
https://doi.org/10.1007/s00134-007-0546-x
https://doi.org/10.4187/respcare.08622
https://doi.org/10.1186/s13054-021-03784-2
https://doi.org/10.1164/rccm.202004-1412OC
https://doi.org/10.1164/rccm.202004-1412OC
https://doi.org/10.1164/rccm.202004-1226LE
https://doi.org/10.1164/rccm.202002-0373LE
https://doi.org/10.1056/NEJMoa1005372.PMID:20843245
https://doi.org/10.1056/NEJMoa1005372.PMID:20843245
https://doi.org/10.1186/s13054-019-2586-3
https://doi.org/10.1056/NEJMoa1214103
https://doi.org/10.1111/j.1365-2249.2004.02415.x
https://doi.org/10.1038/nm1477
https://doi.org/10.1056/NEJMcibr1304414.PMID:23841736
https://doi.org/10.1056/NEJMcibr1304414.PMID:23841736
https://doi.org/10.1007/s00508-020-01805-8
https://doi.org/10.1007/s00508-020-01805-8
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1016/j.medin.2021.09.002
https://doi.org/10.1016/j.medin.2021.09.002
https://doi.org/10.1016/j.tmaid.2020.101647
https://doi.org/10.1073/pnas.1922083117
https://doi.org/10.1073/pnas.1922083117
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref30
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref30
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref30
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref30
https://doi.org/10.1126/scitranslmed.aau9242
https://doi.org/10.1126/scitranslmed.aau9242
https://doi.org/10.1074/jbc.AC120.013056
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1007/s40744-018-0102-x
https://doi.org/10.1016/j.diii.2020.03.010
https://doi.org/10.1016/j.diii.2020.03.010
https://doi.org/10.1016/j.annonc.2020.03.300
https://doi.org/10.1182/bloodadvances.2020001907
https://doi.org/10.1182/bloodadvances.2020001907
https://doi.org/10.1056/NEJMoa2028700
https://doi.org/10.1007/s00134-021-06540-w
https://doi.org/10.1136/BMJ.n2990
https://www.fda.gov/newsevents/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-monoclonal-antibody-treatment-covid-19
https://www.fda.gov/newsevents/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-monoclonal-antibody-treatment-covid-19
https://www.fda.gov/newsevents/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-monoclonal-antibody-treatment-covid-19
https://doi.org/10.1056/NEJMc2113862
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref43
http://refhub.elsevier.com/S2049-0801(22)00469-1/sref43
https://doi.org/10.1038/s41586-020-2381-y

F.J. Gonzalez-Ruiz

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Coronavirus (COVID-19) update, FDA Authorizes Monoclonal Antibody for
Treatment of COVID-19, News release of the Food and Drug Administration, Silver
Spring, MD, November 9, 2020. https://www.fda.gov/news-events/press-announ
cements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibody-treat
ment-covid-19.

R.L. Gottlieb, A. Nirula, P. Chen, J. Boscia, B. Heller, J. Morris, G. Huhn,

J. Cardona, B. Mocherla, V. Stosor, I. Shawa, P. Kumar, A.C. Adams, J. Van
Naarden, K.L. Custer, M. Durante, G. Oakley, A.E. Schade, T.R. Holzer, P.J. Ebert,
R.E. Higgs, N.L. Kallewaard, J. Sabo, D.R. Patel, P. Klekotka, L. Shen, D.

M. Skovronsky, Effect of bamlanivimab as monotherapy or in combination with
etesevimab on viral load in patients with mild to moderate COVID-19: a
randomized clinical trial, JAMA 325 (7) (2021 Feb 16) 632-644, https://doi.org/
10.1001/jama.2021.0202. PMID: 33475701; PMCID: PMC7821080.

M. Dougan, A. Nirula, M. Azizad, B. Mocherla, R.L. Gottlieb, P. Chen, C. Hebert,
R. Perry, J. Boscia, B. Heller, J. Morris, C. Crystal, A. Igbinadolor, G. Huhn,

J. Cardona, 1. Shawa, P. Kumar, A.C. Adams, J. Van Naarden, K.L. Custer,

M. Durante, G. Oakley, A.E. Schade, T.R. Holzer, P.J. Ebert, R.E. Higgs, N.

L. Kallewaard, J. Sabo, D.R. Patel, M.C. Dabora, P. Klekotka, L. Shen, D.

M. Skovronsky, BLAZE-1 investigators. Bamlanivimab plus etesevimab in mild or
moderate covid-19, N. Engl. J. Med. 385 (15) (2021 Oct 7) 1382-1392, https://doi.
org/10.1056/NEJMo0a2102685.Epub.2021.Jul.14. PMID: 34260849; PMCID:
PM(C8314785.

R. Rubin, Questions remain about who will get monoclonal antibodies for COVID-
19 preexposure prophylaxis, JAMA (2021 Dec 29), https://doi.org/10.1001/

jama.2021.23557. Epub ahead of print. PMID: 34964833.

J. Dong, S. Zost, A. Greaney, T.N. Starr, A.S. Dingens, E.C. Chen, R. Chen, B. Case,
R. Sutton, P. Gilchuk, J. Rodriguez, E. Armstrong, C. Gainza, R. Nargi, E. Binshtein,
X. Xie, X. Zhang, P.Y. Shi, J. Logue, S. Weston, M. McGrath, M. Frieman, T. Brady,
K. Tuffy, H. Bright, Y.M. Loo, P. McvTamney, M. Esser, R. Carnahan, M. Diamond,
J. Bloom, J.E. Crowe, Genetic and structural basis for recognition of SARS-CoV-2
spike protein by a two-antibody cocktail [Preprint]. 2021 Mar 1, bioRxiv 27
(2021.01) 428529, https://doi.org/10.1101/2021.01.27.428529. Update in: Nat
Microbiol. 2021 Sep 21;: PMID: 33532768; PMCID: PMC7852235.

G.J. Robbie, R. Criste, W.F. Dall’acqua, K. Jensen, N.K. Patel, G.A. Losonsky, M.
P. Griffin, A novel investigational Fc-modified humanized monoclonal antibody,
motavizumab-YTE, has an extended half-life in healthy adults, Antimicrob. Agents
Chemother. 57 (12) (2013 Dec) 6147-6153, https://doi.org/10.1128/AAC.01285-
13. Epub 2013 Sep 30. PMID: 24080653; PMCID: PMC3837853.

D. Goletti, F. Cantini, Baricitinib therapy in covid-19 pneumonia - an unmet need
fulfilled, N. Engl. J. Med. 384 (9) (2021 Mar 4) 867-869, https://doi.org/10.1056/
NEJMe2034982. PMID: 33657299; PMCID: PMC7944951.

A.C. Kalil, T.F. Patterson, A.K. Mehta, K.M. Tomashek, C.R. Wolfe, V. Ghazaryan, et
al., ACTT-2 study group members. Baricitinib plus remdesivir for hospitalized
adults with covid-19, N. Engl. J. Med. 384 (9) (2021 Mar 4) 795-807, https://doi.
org/10.1056/NEJMo0a2031994. Epub 2020 Dec 11. PMID: 33306283; PMCID:
PMC7745180.

B. Malone, E.A. Campbell, Molnupiravir: coding for catastrophe, Nat. Struct. Mol.
Biol. 28 (9) (2021 Sep) 706-708, https://doi.org/10.1038/541594-021-00657-8.
Erratum in: Nat Struct Mol Biol. 2021 Nov;28(11):955. PMID: 34518697.

E. Mahase, Covid-19: pfizer’s paxlovid is 89% effective in patients at risk of serious
illness, company reports, n2713, BMJ 375 (2021 Nov 8), https://doi.org/10.1136/
BMJ.n2713. PMID: 34750163.

M. Kuindersma, P.E. Spronk, Ketanserin as potential additive drug to improve V/Q
mismatch in COVID-19? Crit. Care 24 (1) (2020 Aug 28) 526, https://doi.org/
10.1186/513054-020-03257-y. PMID: 32859243; PMCID: PMC7453366.

G. Reis, E.A. Dos Santos Moreira-Silva, D.C.M. Silva, L. Thabane, A.C. Milagres, T.
S. Ferreira, et al., TOGETHER investigators. Effect of early treatment with
fluvoxamine on the risk of emergency care and hospitalization among patients with
COVID-19: the TOGETHER randomised, platform clinical trial, Lancet Global
Health 10 (1) (2022 Jan) e42-e51, https://doi.org/10.1016/52214-109X(21)
00448-4, Epub 2021 Oct 28. PMID: 34717820; PMCID: PMC8550952.

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Annals of Medicine and Surgery 77 (2022) 103709

B.M. Henry, G. Lippi, Poor survival with extracorporeal membrane oxygenation in
acute respiratory distress syndrome (ARDS) due to coronavirus disease 2019
(COVID-19): pooled analysis of early reports, J. Crit. Care 58 (2020 Aug) 27-28,
https://doi.org/10.1016/j.jerc.2020.03.011. Epub 2020 Apr 1. PMID: 32279018;
PMCID: PMC7118619.

A. Combes, D. Hajage, G. Capellier, A. Demoule, S. Lavoué, C. Guervilly, D. Da
Silva, L. Zafrani, P. Tirot, B. Veber, E. Maury, B. Levy, Y. Cohen, C. Richard,

P. Kalfon, L. Bouadma, H. Mehdaoui, G. Beduneau, G. Lebreton, L. Brochard, N.
D. Ferguson, E. Fan, A.S. Slutsky, D. Brodie, A. Mercat, EOLIA Trial Group, REVA,
ECMONet, Extracorporeal membrane oxygenation for severe acute respiratory
distress syndrome, N. Engl. J. Med. 378 (21) (2018 May 24) 1965-1975, https://
doi.org/10.1056/NEJMo0al800385.PMID:29791822.

G. Lebreton, M. Schmidt, M. Ponnaiah, T. Folliguet, M. Para, J. Guihaire, E. Lansac,
E. Sage, B. Cholley, B. Mégarbane, P. Cronier, J. Zarka, D. Da Silva, S. Besset,

T. Morichau-Beauchant, 1. Lacombat, N. Mongardon, C. Richard, J. Duranteau,

C. Cerf, G. Saiydoun, R. Sonneville, J.D. Chiche, P. Nataf, D. Longrois, A. Combes,
P. Leprince, Paris ECMO-COVID-19 investigators. Extracorporeal membrane
oxygenation network organisation and clinical outcomes during the COVID-19
pandemic in Greater Paris, France: a multicentre cohort study, Lancet Respir. Med.
9 (8) (2021 Aug) 851-862, https://doi.org/10.1016/52213-2600(21)00096-5.
Epub 2021 Apr 19. Erratum in: Lancet Respir Med. 2021 Jun;9(6):e55. Erratum in:
Lancet Respir Med. 2021 Jul;9(7):e62. PMID: 33887246; PMCID: PMC8055207.
Extracorporeal Life Support Organization, General Guidelines for All ECLS Cases,
2017. Available at: https://www.elso.org/Portals/0/ELS0%20Guidelines%20
-General%20A11%20ECLS%20Version%201_4.pdf. (Accessed 28 July 2021).

J. Badulak, M.V. Antonini, C.M. Stead, L. Shekerdemian, L. Raman, M.L. Paden,
C. Agerstrand, R.H. Bartlett, N. Barrett, A. Combes, R. Lorusso, T. Mueller, M.

T. Ogino, G. Peek, V. Pellegrino, A.A. Rabie, L. Salazar, M. Schmidt, K. Shekar,
G. MacLaren, D. Brodie, ELSO COVID-19 Working Group Members, Extracorporeal
membrane oxygenation for COVID-19: updated 2021 guidelines from the
extracorporeal life support organization, Am. Soc. Artif. Intern. Organs J. 67 (5)
(2021 May 1) 485-495, https://doi.org/10.1097/MAT.0000000000001422.
PMID: 33657573; PMCID: PMC8078022.

R.P. Barbaro, G. MacLaren, P.S. Boonstra, T.J. Iwashyna, A.S. Slutsky, E. Fan, R.
H. Bartlett, J.E. Tonna, R. Hyslop, J.J. Fanning, P.T. Rycus, S.J. Hyer, M.M. Anders,
C.L. Agerstrand, K. Hryniewicz, R. Diaz, R. Lorusso, A. Combes, D. Brodie,
Extracorporeal life support organization. Extracorporeal membrane oxygenation
support in COVID-19: an international cohort study of the extracorporeal life
support organization registry, Lancet 396 (10257) (2020 Oct 10) 1071-1078,
https://doi.org/10.1016/50140-6736(20)32008-0. Epub 2020 Sep 25. Erratum in:
Lancet. 2020 Oct 10;396(10257):1070. PMID: 32987008; PMCID: PMC7518880.
H. Al-Samkari, S. Gupta, R.K. Leaf, W. Wang, R.P. Rosovsky, S.K. Brenner, S.

S. Hayek, H. Berlin, R. Kapoor, S. Shaefi, M.L. Melamed, A. Sutherland, J. Radbel,
A. Green, B.T. Garibaldi, A. Srivastava, A. Leonberg-Yoo, A.M. Shehata, J.E. Flythe,
A. Rashidi, N. Goyal, L. Chan, K.S. Mathews, S.S. Hedayati, R. Dy, S.M. Toth-
Manikowski, J. Zhang, M. Mallappallil, R.E. Redfern, A.D. Bansal, S.A.P. Short, M.
G. Vangel, A.J. Admon, M.W. Semler, K.A. Bauer, M.A. Hernén, D.E. Leaf, STOP-
COVID Investigators, Thrombosis, bleeding, and the observational effect of early
therapeutic anticoagulation on survival in critically ill patients with COVID-19,
Ann. Intern. Med. 174 (5) (2021 May) 622-632, https://doi.org/10.7326/M20-
6739. Epub 2021 Jan 26. Erratum in: Ann Intern Med. 2021 Jun;174(6):888. PMID:
33493012; PMCID: PMC7863679.

H. Yusuff, V. Zochios, D. Brodie, Thrombosis and coagulopathy in COVID-19
patients requiring extracorporeal membrane oxygenation, Am. Soc. Artif. Intern.
Organs J. 66 (8) (2020 Aug) 844-846, https://doi.org/10.1097/
MAT.0000000000001208. PMID: 32740341; PMCID: PMC7268818.

B. Short, D. Abrams, D. Brodie, Extracorporeal membrane oxygenation for
coronavirus disease 2019-related acute respiratory distress syndrome, Curr. Opin.
Crit. Care 28 (1) (2022 Feb 1) 90-97, https://doi.org/10.1097/
MCC.0000000000000901. PMID: 34670997; PMCID: PMC8711309.


https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibody-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibody-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibody-treatment-covid-19
https://doi.org/10.1001/jama.2021.0202
https://doi.org/10.1001/jama.2021.0202
https://doi.org/10.1056/NEJMoa2102685.Epub.2021.Jul.14
https://doi.org/10.1056/NEJMoa2102685.Epub.2021.Jul.14
https://doi.org/10.1001/jama.2021.23557
https://doi.org/10.1001/jama.2021.23557
https://doi.org/10.1101/2021.01.27.428529
https://doi.org/10.1128/AAC.01285-13
https://doi.org/10.1128/AAC.01285-13
https://doi.org/10.1056/NEJMe2034982
https://doi.org/10.1056/NEJMe2034982
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1038/s41594-021-00657-8
https://doi.org/10.1136/BMJ.n2713
https://doi.org/10.1136/BMJ.n2713
https://doi.org/10.1186/s13054-020-03257-y
https://doi.org/10.1186/s13054-020-03257-y
https://doi.org/10.1016/S2214-109X(21)00448-4
https://doi.org/10.1016/S2214-109X(21)00448-4
https://doi.org/10.1016/j.jcrc.2020.03.011
https://doi.org/10.1056/NEJMoa1800385.PMID:29791822
https://doi.org/10.1056/NEJMoa1800385.PMID:29791822
https://doi.org/10.1016/S2213-2600(21)00096-5
https://www.elso.org/Portals/0/ELSO%20Guidelines%20-General%20All%20ECLS%20Version%201_4.pdf
https://www.elso.org/Portals/0/ELSO%20Guidelines%20-General%20All%20ECLS%20Version%201_4.pdf
https://doi.org/10.1097/MAT.0000000000001422
https://doi.org/10.1016/S0140-6736(20)32008-0
https://doi.org/10.7326/M20-6739
https://doi.org/10.7326/M20-6739
https://doi.org/10.1097/MAT.0000000000001208
https://doi.org/10.1097/MAT.0000000000001208
https://doi.org/10.1097/MCC.0000000000000901
https://doi.org/10.1097/MCC.0000000000000901

	Pharmacological and non-pharmacological strategies in coronavirus disease 2019: A literature review
	1 Introduction
	1.1 Oxygen therapy and mechanical ventilation
	1.2 Glucocorticoids
	1.3 Nucleosides analogs
	1.4 Monoclonal antibodies
	1.4.1 Tocilizumab
	1.4.2 Sotrovimab
	1.4.3 REGEN-COV (Ronapreve)

	1.5 Janus kinase inhibitor
	1.6 Novel antivirals

	2 Repurposing drugs in COVID-19
	2.1 Extracorporeal membrane oxygenation (ECMO)

	3 Conclusion
	Human subjects/informed consent statement
	Data availability statement
	Provenance and peer review
	Ethical approval
	Sources of funding
	Author contribution
	Registration of research studies
	Guarantor
	Declaration of competing interest
	Acknowledgments
	References


