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ABSTRACT

Introduction: airway management and artificial ventilation play an indispensable role in
maintaining vital functions in the critically-ill patient, in those infected with the COVID-19
this management has specific particularities.

Objective: to describe airway management in the critically-ill patient with the COVID -19
Methods: a medical literature review was conducted, using articles retrieved from MEDLINE,
Scopus, ClinicalKey and ScienceDirect published up to May 2020.

Development: oxygen therapy is useful for maintaining oxygen saturation levels above 96%
in the less advanced stages; using conventional oxygenation systems and high frequency
nasal cannula. Early tracheostomy should be performed in stable patients with low oxygen
demand where prolonged mechanical ventilation is expected; and in patients with confirmed
COVID-19, 14 days after the starting of orotracheal intubation. Non-invasive mechanical
ventilation showed a lower intubation rate than other oxygenation variants. Optimal
parameters should be set, taking into account the different characteristics of the patient.
Conclusions: intubation should be performed through a rapid induction sequence, minimizing
exposure time, tracheostomy is preferably performed late in the infected patient, and non-
invasive mechanical ventilation should be performed avoiding aerosolization as much as
possible. In invasive mechanical ventilation, strategies for lung protection, reduction of tidal
volumes individualized to the characteristics and phenotypes of the patient, desired plateau
pressure and distension pressure along with the use of prone ventilation are useful.
Keywords: COVID-19; Coronavirus; Mechanical ventilation; Tracheotomy; Intensive care
unit; Oxygen therapy.
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RESUMEN

Introduccion: el manejo de la via aérea y la ventilacidn artificial juega un papel indispensable
para mantener las funciones vitales en el paciente critico, en los infectados por la COVID-19
este manejo posee peculiaridades especificas.

Objetivo: Describir el manejo de la via aérea en el paciente critico con la COVID-19
Métodos: se realizd una revision de la literatura, mediante articulos recuperados en MEDLINE,
Scopus, ClinicalKey y ScienceDirect publicados hasta mayo de 2020.

Desarrollo: la oxigenoterapia resulta Gtil para mantener niveles de saturacion de oxigeno
superiores al 96 % en estadios poco avanzados; mediante los sistemas de oxigenacion
convencional, y la canula nasal de alta frecuencia. La traqueostomia precoz se debe realizar
en pacientes estables con baja demanda de oxigeno en los que se prevea ventilacion mecanica
prolongada; y en pacientes con la COVID-19 positivos 14 dias posteriores al inicio de la
intubacién orotraqueal. La ventilacion mecanica no invasiva mostré menor tasa de intubacion
con respecto a otras variantes de oxigenacién. Se deben configurar parametros optimos,
teniendo en cuenta las particularidades del paciente.

Conclusiones: la intubacion se debe realizar mediante una secuencia de induccion rapida,
minimizando el tiempo de exposicion, la realizacién de la traqueostomia es de preferencia
tardia en el paciente infectado, y la ventilacion mecanica no invasiva debe realizarse evitando
al maximo la aerosolizacion. En la ventilacion mecanica invasiva resultan Utiles estrategias de
proteccién pulmonar, disminucién de volimenes corrientes individualizada a las caracteristicas
y fenotipos del paciente; presidon meseta y presion de distension deseados y la utilizacion de
la ventilaciéon en decubito prono.

Palabras clave: COVID-19; Coronavirus; Ventilacion mecanica; Traqueotomia; Unidad de
cuidados intensivos; Oxigenoterapia.

INTRODUCTION

Viral diseases have had an increasing incidence in recent years, with outbreaks leading the
health systems to complex situations. However, they have led to their detailed study,
understanding and predicting their real impact in the short and long term.

Intensive Care Medicine, Critical Care Medicine or Emergency Medicine have not been exempt
from these challenges, having to face their impact from the front line. Similarly, they have
had to face other situations such as microbial resistance, designing new protocols and modes
of action.

In December 2019, the Wuhan Municipal Health Commission in the People's Republic of China
released a report of 27 human cases of viral pneumonia. Of these, seven patients were in
critical condition. (2 The disease had as etiology a new human pathogen with high zoonotic
capacity; it was provisionally designated as novel coronavirus 2019 (2019-nCoV).

The disease caused by the new SARS-CoV-2 (severe acute respiratory syndrome coronavirus-
2) was declared by the World Health Organization (WHO) as an international public health
emergency in January 2020, (® and as a pandemic on March. ¥
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Sequencing of the genome and phylogenetic analysis of SARS-CoV-2 found similarity with
respect to betacoronavirus associated with human severe acute respiratory syndrome (SARS)
and Middle Eastern respiratory syndrome (MERS). The similarity was 80% for SARS-CoV and
50% for MERS-CoV. /6

COVID-19 has been classified in the betacoronavirus 2b line. Generically, coronaviruses are
RNA viruses, which genome has the largest size among currently known RNA viruses. With a
helical shape, and consisting of a single strand, the genome is packaged together with a
protein (nucleocapsid). At least three protein structures are found in the viral envelope:
membrane M protein, E protein responsible for viral assembly and the S protein in the spines
(spikes) involved in the penetration of the virus into the attacked host cells. (7: 8

Effective transmission patterns pick up person-to-person transmission through body
secretions, mainly those of the oral mucosa and respiratory tract; it can also be aerosolized
(Fliigge droplets). (6 2 10) Its detection has been achieved in other body substances and
mucous membranes; (11 12) however, the highest viral loads are reported in the lower
respiratory tract (sputum or endotracheal aspiration). (3

It has been reported that about 80% of those infected have mild symptoms, 15% severe
symptoms (dyspnea, polypnea = 30 breaths per minute, oxygen saturation < 93 %,
PaO2/FiO2 ratio <300, with or without the appearance of pulmonary infiltrates >50% in 24-
48 hours); 5 % were considered critical, who presented acute respiratory failure syndrome or
respiratory distress, septic shock and dysfunction or multiple organ failure. The most frequent
complications are pneumonia and multiple organ failure, which sometimes lead to death. Other
possible complications that have been described are: respiratory distress syndrome of the
adult, renal failure, acute lung damage and septic shock. (14 15)

Airway management and artificial ventilation play an indispensable role in maintaining vital
functions in the critical patient. In those infected by COVID-19 this management has specific
peculiarities. The research was developed with the objective of describing airway management
in the critically-ill patient suffering from COVID-19.

METHODS

A narrative review was conducted using the articles retrieved from the databases Scopus,
SciELO, PubMed, ClinicalKey, Lilacs and DIALNET. Access was made during the months of April
and May 2020. Filters were used for the collection of articles in English and Spanish languages;
as well as articles published in the period 2019-2020. The following terms were used:
"coronavirus", "COVID-19", "SARS-CoV-2", "Intensive Care", "Airway" and "airway
management”; as well as their translations into English. "coronavirus", "COVID-19", "SARS-

CoV-2"; "critical care", "airway", "airway management". The structures of the search formulas
were specific to each database. Articles published in Health Science Journals were chosen.

DEVELOPMENT

Thanks to current technological advances, the detection of viral infections has been achieved
more efficiently, increasing the detection of respiratory viral diseases in ICU patients from
17% to 50%. (7 16) The administration of oxygen and ventilatory support in acute respiratory
distress syndrome (ARDS) is similar in patients with viral and other infections; however, there
are differences to be taken into account.
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OXYGEN THERAPY

In primary hypoxemia, one of the main therapeutic strategies is the administration of oxygen
(02). Its main objective is to achieve oxygen saturation of around 96%, although in situations
such as chronic obstructive pulmonary disease, saturation of approximately 88% is expected.
Its administration is quantified by the inspired fraction of oxygen (FiO2). (17)

Therapeutic O2 delivery devices include conventional oxygenation systems (nasal cannula,
single mask, partial re-breathing mask, Venturi system, etc.), and high flow nasal cannula.
According to the experience obtained from research on patients in China, (® Chica-Meza et
al., 1® recommend that patients with an oxygenation rate of less than 200 mmHg should be
transferred to a medical center to begin O2 administration preferably with conventional
oxygenation systems over non-invasive ventilation, achieving an O2 saturation of more than
90% in men and non-pregnant women; and between 92% and 95% in pregnant women. It
should be administered at 3 L/min; and if saturation is observed to be lower than the previous
parameters, consideration should be given to increasing FiO2 to achieve the expected
saturation.

Gattinoni 29 recommends, when starting with oxygen therapy, whether or not O> saturation
is increased, the mechanics of the respiratory muscles and thoracoabdominal asynchrony
should be evaluated because they will determine the progression of the disease.

The authors consider that in order to initiate oxygen therapy the patient must show one of the
following elements: to be dyspneic or have oxygen saturation below the desired levels and
the patient begins to show decreased PCO: levels as a result of an increase in minute volume
to maintain the desired volumes. This increase in minute volume is generated with increased
negative pleural pressure, which increases venous return and the risk of developing pulmonary
edema and self-induced lung damage described by Brochard V) as patient self-induced lung
injury (P-SILI).

Similarly, they consider that once conventional oxygenation or non-invasive ventilation (NIV)
has begun, if there is no improvement in breathing work, to immediately proceed to
endotracheal intubation.

The high-flow cannula has been shown to be efficient in patients to prevent intubation, and
cross-infection, as well as to treat patients where conventional oxygenation has failed. (22

There is concern about the risk of transmission due to the spreading of particles from the use
of these devices, which is contraindicated by some researchers. However, it has been
suggested that there is no difference in risk between these techniques. (23 However, based
on models derived from the transmission of SARS, it has been considered that workers who
administer these techniques to infected patients do not show an increased risk, (** on condition
that they apply all the established protective measures.

Li ® recommends that, if the high flow nasal cannula is used, 20 L/min should be
administered, gradually increasing to 50-60 L/min, with FiO2 adjustments based on O:2
saturation. This technique is contraindicated in patients with loss or alteration of
consciousness, hypercapnia and moderate or severe acidosis.
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TRACHEOSTOMY

Tracheostomy (TST) is a common procedure performed in ICUs, with patients needing
prolonged ventilatory support. The requirements for mechanical ventilation (MV) vary in the
different series, being reported between 9.8 % and 15.2 %. (25 27) Due to the generation of
micro droplets during intubation and MV, it is necessary to adjust the airway management
protocols.

Medical practice has not achieved conclusive results on the optimal time for performing TST.
This may be due to the diverse number of entities treated in the ICU, the heterogeneity of the
groups studied, as well as the different definitions of early and late tracheostomy. The
consensus document of the Spanish Society of Intensive, Critical Medicine and Coronary Units
(SEMICYUCQ), the Spanish Society of Otolaryngology and Head and Neck Surgery (SEORL-CCC)
and the Spanish Society of Anesthesiology and Resuscitation (SEDAR) on tracheostomy in
patients confirmed with COVID-19 defines early TST as that performed in the first 10 days,
and late TST as that performed after that time. (28

The current evidence only allows relating the use of sedatives to the time of the TST. (2°) There
are recommendations from the Canadian Society of Otolaryngology Head and Neck Surgery
(39 which establish the criteria for negative PCR examination to carry out the procedure,
considering as an exception the patient in whom orotracheal intubation does not secure the
airway.

Because of this, early tracheostomy has been recommended only for stable patients with low
oxygen demand where prolonged mechanical ventilation is expected due to concomitant
diseases or associated risk factors; or if intensive resource optimization is needed. Otherwise,
it is recommended to perform in confirmed COVID-19 patients after 14 days of
commencement of orotracheal intubation, if necessary. %

The use of closed circuit suction systems with anti-viral filters is recommended, limiting the
use of electrical, ultrasonic or any other cutting and coagulation systems that disseminate
aerial micro-particles. Only indispensable personnel should be present during the procedure,
and if possible it should be carried out by the most trained personnel and in the shortest time.
(31,32) To the consideration of the authors, a percutaneous tracheostomy performed by the
Seldinger method, carry out by trained professionals, would be the best option, as it reduces
the exposure of health personnel and the risks of contagion.

Intubation should be performed by a rapid induction sequence, to decrease exposure time and
mask ventilation should be avoided, but if necessary, it should be performed by two persons,
with one serving as a mask seal and the other ventilating,(3'32) decreasing the risk of
transmission to personnel. (3)

If pre-oxygenation is carried out with a self-inflating bag (Ambu®), it is advisable to use a
HEPA (High Efficiency Particulate Air), filter between the mask and the Ambu®.

NON-INVASIVE MECHANICAL VENTILATION
The use of non-invasive mechanical ventilation (NIVMV) is widely used in ICUs worldwide,

even in patients with hypoxemic respiratory failure; hence, it constitutes another viable
resource in the treatment of patients with COVID-19. 3%
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Due to air leakage, and therefore dispersion of particles from the mask, there is controversy
in its use; the greater the leakage, the greater the patient's requirement for ventilatory
support. 3%

Due to the low arrangement of interfaces such as the head covering (Helmet) with double
branch respirator, adapted with double tubing and anti-viral/anti-bacterial HEPA filters on both
branches (inspiratory/ expiratory); (36) other measures should be adopted. Therefore, existing
equipment should be adapted, reducing leaks around the mask as much as possible. This
reduces the risk of exposure and infection by particle dispersion resulting from (NIV). 3%

Although high-flow oxygenation has been designated as the first choice modality and NIV has
been taken as a second option in patients where the first does not meet the demand, but who
also do not have intubation criteria; 37) it is still a fact that gives rise to discrepancies.

An example of this discrepancy is represented by Zhan's study, 38 where NIVMV decreased
intubation in patients with Acute Respiratory Infection. Similarly, data from Wang et al; (3%
analyzed and reported by Gonzalez-Castro et al.,(*® in a letter published in Intensive Care
Medicine; showed that using a Beta-Binomial model, applying an a priori non-informative one,
the probability of a lower intubation rate with NIVMV than with high flow oxygenation is 0.9993
(Rate difference = 0.444; CI 95% = 0.097 -0.706). This result suggests that NIVMV and high-
flux oxygenation may need to be placed at the same height.

However, it is necessary to point out that when the patient has intubation criteria, its
performance should not be delayed; if the oxygenation objectives are not achieved through
the high flow cannulas, this could bring more harm than good by delaying the intubation and
causing self-induced lung damage.

INVASIVE MECHANICAL VENTILATION

The rapid evolution of some patients with COVID-19 has led to complicated ARDS or multiple
organ failure due to dyspnea and hypoxia. *1) In these patients, factors such as advanced
age, neutrophilia, organic dysfunction, elevated LDH, elevated ferritine and coagulation

dysfunction have been associated with a worse progression and a greater probability of death.
(42)

In severe cases of COVID 19, hypoxemia compatible with ARDS can be observed, however,
compliance may occur with normal or decreased values, with two different phenotypes being
considered: L and H. The L type is characterized by low elastance (high distensibility), low
ventilation-perfusion ratio and low recruitment potential, and the H type is characterized by
high elastance, with low recruitment potential. (20 43)

The ventilatory strategy to be employed must be planned taking these phenotypes into
account. In the event that a phenotype L is present, it is not necessary to limit the tidal
volume, always keeping a watchful eye on the plateau pressure, distension pressure and
mechanical power if these are maintained at the desired values, there will be no risk of lung
injury induced by ventilation with a tidal volume of up to 8 mL/Kg, thus avoiding the risk of
severe hypoventilation and the development of atelectasis. However, type H would be
managed as a classical ARDS with emphasis on the protective MV strategy, it is recommended
starting with a tidal volume of 6 mL/Kg, where the ideal weight for MV in men is 50+0.91 (h-
52.4) and in women 45.5+0.91 (h-52.4).
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The plateau pressure should range from 25-30 cm H20, where these measures have been
associated with a reduction in mortality rate. Similarly, a strain pressure of less than 15 cm
H20, an initial PEEP of 10-14 cm H20 and a FiO2 that achieves a SatO2 between 88 and 92%
have been recommended. 3 Protocols guided by sedation and analgesia goals should be
maintained; and if deep sedation is necessary due to frequent asynchronies, prone ventilation
or elevated plateau pressure levels, infused neuromuscular relaxation should be preferred,
and should be carried out within 48 hours: (44

During the management of mechanical ventilation, pressure control or volume control can be
used. Dual modes of ventilation are not recommended and bronchodilator therapy should only
be indicated by inhalation therapy if extremely necessary. It is also suggested to define early
mobilization action plans, as the disease allows, to treat muscle hypotonia. (4344

Inhalation of nitric oxide has been considered as a rescue measure in patients with persistent
refractory hypoxemia due to COVID 19. Recommended values range from 5 to 20 ppm and
there is speculation on the improvement of oxygenation. However, its routine use in the
patient is not recommended, since in ARDS the duration of the positive effect is less than 24
hours; it can also cause acute renal injury. (+

PRONE POSITION

The prone position emerges as a useful tool during ARDS patient care by SARS-CoV-2. In a
protocol in Jiangsu, different therapies were used, showing an IMV rate of less than 1%, where
pronation was one of the techniques. (*¢) It is recognized that in ARDS, lung-dependent areas
are more prone to collapse; this leads to a decrease in lung tissue available for exchange. (47
A meta-analysis *8) evaluating the effects of pronation in adults, compared to mechanical
ventilation in the supine position in patients with ARDS, showed a reduction in mortality rated
in patients ventilated prone when ARDS is moderate or severe (Pa02/Fi02<200 mmHg) and
for more than 12 hours. After the technique, the ventilation/perfusion ratio balance is
improved by increasing lung volume at the end of expiration and preventing ventilator-induced
lung injury, through a more uniform distribution, not only of tidal volume through lung
recruitment, but also of "stress and strain”; (4°) as well as draining any secretion that may
occur.

The use of several long cycles has been considered, with durations between 18 and 20 hours
) and in 16/8 or 18/6 ratios (59, Chica-Meza et al. (19, Suggest that, given the current
evidence and experience, the prone ventilation cycle should be 24 hours and alveolar
recruitment maneuvers should be implemented with the aim of decreasing the number of
prone cycles.

Among the recommendations during the application of this technique are the monitoring of
perfusion, the change of position every 2 hours to avoid pressure injuries, the use of
mechanical protective ventilation. (43) Close attention should also be paid to the condition of
the endotracheal tube and the lines placed in the patient.

CONCLUSIONS

Oxygen therapy ensures adequate levels of oxygen saturation in less critical stages of the
disease. Orotracheal intubation should be performed through a rapid induction sequence to
decrease exposure time. Tracheostomy is preferably performed late in the infected patient.
Non-invasive mechanical ventilation should be performed in a controlled manner, decreasing
mask leakage. It is useful to use strategies for lung protection, decrease tidal volumes
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individualized to the characteristics and phenotypes of the patient; as well as achieve desired
plateau pressure and distension pressure and the use of prone ventilation.
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