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Em um momento em que hd uma emergéncia mundial de
saude publica, é fundamental que o conhecimento cientifico ge-
rado durante a pandemia chegue rapidamente a classe médica
classe médica.

Dentro desta dindmica a Revista da Associacdo Médica Brasi-
leira (Ramb) estd adotando uma série de medidas a fim de acelerar
o processo editorial para publicacdo de artigos sobre a Covid-19.
A partir de hoje (14/04/2020), a AMB publicard o Boletim Ramb
Covid-19, que antecipard os artigos cientificos selecionados pelos
editores da Ramb sobre o tema.

‘Os artigos foram escritos por especialistas e selecionados den-
tro dos critérios da Ramb para esclarecer temas fisiopatoldgicos,
assim como oferecer orientacdes de prevencdo e tratamento da
doenga. Dessa forma, esperamos colaborar com os médicos para
o melhor atendimento aos seus pacientes, com a disponibilidade
mais dgil desses artigos, antes de sua publicagdo na Ramb”, co-
menta Carlos Serrano |r., editor-chefe da Ramb.

Para o diretor cientifico da AMB, Antonio Carlos Palandri Cha-
gas, “neste momento impar vivido no mundo por conta da pan-
demia de Covid-19, a AMB cumpre seu papel de estar levando
a comunidade cientifica brasileira os recentes artigos sobre os
mecanismos fisiopatolégicos e aspectos clinicos relevantes dessa
situag¢do que assola a satide publica”.
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Ventilatory support recommendations
in children with Sars-CoV-2

Werther Brunow de Carvalho'

Isadora Souza Rodriguez'

Emiliana Holzhausen Gongalves da Motta'
Artur Figueiredo Delgado®

1. Instituto da Crianga do Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo

SUMMARY
OBJECTIVES: These recommendations aim to be a clinician’s guide to the management of respiratory therapy in pediatric patients
with Sars-CoV-2 infection.

METHODS: We performed an extensive review of the recent medical literature about COVID-19, mainly in critical care pediatric
patients considering expert opinions and news reports related to this new disease. Experts of a leading Brazilian public university
analyzed all bibliography from the last 6 months to produce a scientific document to standardize the respiratory management of
critically ill children and adolescents.

RESULTS: The scientific document emphasizes the respiratory support that may be required for patients with COVID-19. It establishes
a flowchart to guide health practitioners to attend critical cases.

CONCLUSION: COVID-19 is basically an unknown clinical condition for the majority of pediatric intensive care professionals. Guidelines

produced by experts may be helpful to healthcare workers and improve COVID-19 treatment.

KEYWORDS: Sars-CoV-2, critically ill patients, mechanical ventilation, respiratory support, children, adolescents

INTRODUCTION

COVID-19 is a new respiratory illness
that can rapidly deteriorate into severe
respiratory distress. Since a specific
antiviral treatment is still under
investigation, the main way to reduce
morbidity and mortality is early and
strong intervention when it comes to
respiratory support'. Initially thought
to have flu-like symptoms, this disease
has shown that it can present itself as
severe pneumonia with a non-uniform
presentation: in some cases with pre-
served compliance and altered perfu-
sion, and sometimes with very low
compliance, similarly to acute respi-
ratory distress syndrome.

Recently, one study from Gattinoni
et al.2 describes two types of lung
lesions: type L and type H. Type L (Fig.
1) patients may have subpleural inter-
stitial edema (ground-glass injuries),
low elastance (and high compliance),
low ventilation/perfusion ratio (V/Q) -
gas volume is nearly normal, and what

leads to hypoxemia is altered perfusion
and loss of hypoxic vasoconstriction
and they also have low lung recruitabil-
ity; this kind of pattern usually appears
at the onset of the disease, and patients
can either improve or deteriorate into
a more severe case. Type H patients
(Fig. 2), approximately 20-30%,

behave more similarly to ARDS, with
low compliance, decreased gas vol-
ume due to edema, V/Q mismatch,
and a possibility of lung recruitment.
Considering the possibility of severe
cases, respiratory support should be
given to those with signs of respiratory
failure

FIGURE 1. Patchy ground-glass opacification (arrowheads).

FIGURE 2. Also ground-glass but with more severe opacifications and edema. Adapt. from
Wei Li, Huagian Cui, Kunwei Li, Yijie Fang, Shaolin Li. Chest computed tomography in
children with COVID-19 respiratory infection. Pediatric Radiology. doi: 10.007/s00247-020-

04656-7
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Considering the possibility of severe
cases, respiratory support should be
given to those with signs of respi-
ratory failure such as SpO2 < 93%,
increased work of breathing and
tachypnea (for age), low PaO2/FiO2
ratio, high oxygenation index (OI) or
high oxygen saturation index (OSI).

Given the paucity of information
regarding respiratory support of pedi-
atric patients with Sars-CoV-2, we
believe these recommendations may

guide the ventilatory therapy in those
children.

NONINVASIVE RESPIRATORY SUPPORT
Nasal prongs/reservoir mask (Low
flow < 4L/min): Should only be used
in mild respiratory illness, with no
respiratory distress?, since they do
not generate recruitment of the lungs.
If used, it may improve oxygenation
but not the PaO2/FiO2 ratio and may
delay other ventilatory therapies®.

High flow nasal cannula (HFNC):
May be used in cases with no severe
hypoxemia. Response to treatment
has to be assessed within 30-60 min-
utes from the initiation of therapy.
If no response (SpO2/Fi02 < 220 or
FiO2 > 0,4 for SpO2 > 92%)°, other
respiratory support should be consid-
ered. This therapy generates aerosol®
and should never be used if there is no
appropriate airborne isolation (nega-
tive pressure and >12 air changes per
hour) and adequate personal protec-
tive equipment (PPE)*.

Continuous positive airway pres-
sure (CPAP)/ Bilevel positive airway
pressure (BiPAP): Can be used in
moderate cases, if SatO2/FiO2 is
between 221-264. A trial can be done
during 60-90 minutes and response
to treatment has to be assessed. If no
response (SpO2 < 92% and/or FiO2
> 0,6) tracheal intubation is recom-
mended®. Like in HFNC, this kind
of support is also aerosol-generating
and should only be used if appropriate
precautions are available. A helmet is
the preferable interface® (watch out
for risk of self-inflicted lung injury),
if not available, a full face mask is the
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second choice. There can be no leaks
during its use and it is necessary to
use an adequate filter (HEPA or HMF).

AIRWAY MANAGEMENT

Intubation is a critical procedure for
patients with COVID-19 and also for
healthcare workers. It has a high risk
of viral shedding, so when it is per-
formed, some important precautions
are suggested®'°:

« Preferably negative pressure
ventilation rooms with ante-room
to minimize exposure to aerosol or
droplets

» Adequate PPE: Impervious
gown, theatre hat, gloves, N95 facial
mask, protection goggles, face shield"

« Disposable equipment is pre-
ferred over reusable equipment

« Closed-circuit aspiration

» Pre-oxygenation should be per-
formed using a occlusive face mask
with a viral filter (HEPA or HMF) or
maintain the previously used device

« Avoid bag-mask ventilation if
possible

« Intubation should be performed
by the most experienced professional
available and there must be a limited
number of healthcare professionals
to avoid exposure

« Use rapid sequence intubation
to minimize exposure to droplets
and aerosol: we suggest using fen-
tanyl(1-2mcg/kg), midazolam (0,1-
0,2mg/kg), and rocuronium (1-2mg/
kg). Use atropine (0,02mg/kg) in
younger infants.

» Video laryngoscope is preferable
but should be used by airway opera-
tors who are proficient in their use.

« Use cuffed cannulas (inflate the
tracheal tube cuffup to 20cmH20 ini-
tially). We suggest occluding the can-
nula with a clamp to avoid exposure
to droplets and aerosol.

INVASIVE RESPIRATORY SUPPORT

Mechanical ventilation is essential
when it comes do COVID-19 treat-
ment, and it seems that the hypox-
emic respiratory failure resulting
from COVID-19 may be different

from usual types of acute respira-
tory distress syndrome (ARDS)*. As
we described, there seem to be two
different types of pulmonary injuries
and they require different ventilation
strategies. We recommend compli-
ance evaluation at least twice a day,
using electric impedance tomography
(EIT) without perfusion analysis, if
available, or performing respiratory
mechanics to determine which type
of pulmonary pattern seems more
predominant.

For type L patients (high compli-
ance), we suggest using PEEP around
8cmH20 for infants, toddlers, and
preschoolers, and PEEP around
10cmH20 for children older than
6 years old. Tidal volume should be
around 6-8ml/kg of predicted body
weight (PBW)™", and up to 8-9ml/
kg PBW may be tolerated. Inspira-
tory time should be age-appropriate
with a decelerating flow. Plateau
pressure (Pplateau) should be as low
as possible, maintaining adequate
PEEP and maximum driving pres-
sure of 15cmH20. Respiratory rate
should be enough to keep pH > 7,25
and inspired oxygen fraction (FiO2)
should be <60%. We do not recom-
mend using recruitment maneuvers
for this type of patient.

Type H patients (low compliance)
are recommended to be treated with
protective ventilation. Maintaining
3-6ml/kg PBW of tidal volume, initial
PEEP should be around 10cmH20 and
titrated up to 12cmH20 (similarly to
low PEEP table from ARDS network™),
keeping in mind that excessive fluids
may influence in inadequate PEEP
titration. Plateau pressure should be <
30cmH20, FiO2 < 60%, inspiratory time
should be age-appropriate with a decel-
erating flow, the respiratory rate should
be enough to keep pH > 7,25, pCO2
should be monitored by capnography
(preferably volumetric capnography)
and we recommend using permissive
hypercapnia (pH > 7,2). Goal SpO2 is
93-96%, as supraphysiologic arterial
oxygen can be associated with higher
mortality™. Regarding ventilatory
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modes, we suggest using pressure-con-
trolled modes.

Some patients may present with
wheezing or some kind of lower air-
way obstruction, and they should be
treated with bronchodilators (pref-
erably dosimetric or spray inhalers)
and magnesium sulfate if necessary
(initial dosing of 50mg/kg, infusion
during at least 30 minutes). We rec-
ommend using low respiratory fre-
quencies, inspiratory/expiratory time
ratio of 1:3-1:4, and the lowest PEEP
possible, avoiding auto-PEEP.

ANALGESIA, SEDATION AND
NEUROMUSCULAR BLOCKING AGENTS
Appropriate administration of analge-
sia and sedation is an essential com-
ponent in the care of mechanically
ventilated patients. The promotion
of comfort and lowering of anxiety,
fear, and anguish is part of the rou-
tine. However, the use of excessive
dosage or the fear of undersedation
is a difficulty in the management of
these patients.

The use of excessive of sedation
indicated a strong association with
poor outcomes, including a lon-
ger period of immobilization, more
weakness, sleep-wake disturbance
and delirium, increase in time of
mechanical ventilation and hospi-
tal length of stay, higher mortality,
cognitive decline, and psychological
complications."®"

Recent studies and the last adult
(2018) Guideline — Clinical Practice
Guidelines for the Prevention and
Management of Pain, Agitation/
Sedation, Delirium, Immobility, and
Sleep Disruption in Adult Patients
in the ICU- shows that light seda-
tion should be achieved to make the
patient comfortable, calm and coop-
erative, resulting in an improvement
of all poor outcomes described above
and facilitating patient-ventilator
interactions.’?

All sedation strategies should start
by assessing and reaching adequate
pain control; the priority is effective
analgesia and, consequently, a calm
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patient. To achieve good management
of analgesia and sedation, nowadays,
the use of scales (grade of recommen-
dation A) is recommended. The pain
scale recommended and appropriate
is the FLACC. The name FLACC is an
acronym of five categories: Face, Legs,
Activity, Cry, Consolability. Each cate-
gory scores O to 2 points, totaling 10
points. The resulting scores correlate
with the degree of pain: O for no pain
or comfortable; 1-3 for mild pain;
4-6 for moderate pain; and 7-10 for
intense pain. It can be used in many
age groups, clinical settings, and cog-
nitive states.'#?02'2

In the initial management, anal-
gesia may be the priority to achieve
adequate pain control and level of
sedation. So, the use of a strong opioid
is recommended, being fentanyl the
preferred. Fentanyl can be initiated
intermittent and titrated to a continu-
ous infusion to achieve adequate anal-
gesia, guided by the FLACC scale.”?

In the past, the primary sedation
strategy in mechanically ventilated
patients was deep sedation; however,
a light level of sedation with an anal-
gesia-first approach is recommended
currently. The administration of seda-
tion should only be considered after
achieving adequate analgesia. As
is the case with analgesia, bedside
scales may be used to avoid deep
sedation, prolonged ventilation, lon-
ger ICU and hospital stay, delirium,
and weakness. The ESPNIC recom-
mendation is the COMFORT Behavior
scale (level A evidence). The COM-
FORT-B scale aggregates six behav-
ioral parameters, in which 1 indicates
deeper sedation and 5 more agitation
for each parameter. Their sum should
guide the titration of sedative drugs
(<11: oversedation; 11-22: adequate
sedation; >22: undersedation).202324
The choice of the ideal sedative agent
is difficult and must take into account
the pharmacology of the drugs and
the different pathologies. The most
frequently used sedatives in the pedi-
atric ICU are benzodiazepines — mid-
azolam. The initial use of the sedative

drug must be after adequate analgesia
in acute respiratory distress to help
with patient management and avoid
patient-ventilator asynchrony. How-
ever, it is still important to keep using
scales to avoid unnecessary deep
sedation, resulting in less delirium,
shorter duration of mechanical ven-
tilation, and improved mortality. 202"

With the use of continuous fentanyl
and midazolam, it is important to con-
sider the association of another drug,
The emerging pediatric literature sug-
gests the benefits of dexmedetomidine,
an 0-2 agonist, improving outcomes.?*
Dexmedetomidine has both analgesic
and sedative effects, and, unlike other
sedatives, does not depress the respira-
tory drive. Multiple clinical trials have
demonstrated its efficacy and safety
when used for longer-term sedation
in the ICU. The 2018 PADIS guidelines
recommend dexmedetomidine for
sedation over benzodiazepines.»* In
cases associated with asthma, consider
the association of ketamine with fen-
tanyl and midazolam.

However, several management
aspects of acute respiratory distress
can make light-sedation strategies
(as described) challenging, including
low tidal volume ventilation, high pos-
itive end-expiratory pressure (PEEP),
prone and lateral positioning, and
the patient evolving with refractory
hypoxemia. On this occasion, con-
sider the need for deeper sedation
associated with neuromuscular block-
ade (NMB). This strategy may help
improve hypoxemia by decreasing
inflammation, decreasing oxygen con-
sumption, increasing alveolar recruit-
ment, improving patient-ventilator
synchrony, and improving oxygen-
ation by preventing the contraction
of respiratory muscles when cisatra-
curium is administered in the first 48
hours. 22?6 However, another study
showed that among those who were
treated with a higher PEEP strategy,
the administration of continuous cis-
atracurium did not result in signifi-
cantly lower mortality at 90 days.?
Therefore, we recommend, in cases
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of refractory hypoxemia, to associate
intermittent BNM, which can improve
oxygenation with lower barotrauma
and without ICU weakness. In view
of all of the above, consider, if possi-
ble, the use of Bispectral Index (BIS)
to titrate sedative doses within BNM
infusion, to ensure an adequate level

of sedation.>®?°

REFRACTORY HYPOXEMIA

A patient can be considered to have
refractory hypoxemia when SpO2 <
90%, Fi02 > 60%, driving pressure
> 15cmH20, Pplateau > 30cmH20,
and pCO2 has no response to ven-
tilation and dead space reduction.
If they have some of those features
we recommend using the following
strategies:

» Prone position: It is known that
prone position decreases the V/Q
mismatch due to pulmonary shunt-
ing"and optimizes ventilation. We
suggest a trial and, if there is good
response (pO2 increases more than
20mmHg, SpO2 > 93%, improvement
in EIT and ventilation), maintain it
for 18h with 6h intervals (if high
workload, the patient can be kept in
the prone position for up to 24h), and
repeat if necessary. If the use of the
prone position is not possible, the
patient should be lateralized, keep-
ing the more affected lung upwards.

« Nitric oxide: A potent pulmonary
vasodilator, inhaled nitric oxide was
used as rescue therapy in patients
with refractory hypoxemia because
it enhances pulmonary perfusion to
areas with better ventilation; in the
same way, it can be associated in
patients with Sars-Cov-2 pulmonary
thrombosis. It may show a transient
improvement in PaO2/FiO2 ratio. We
suggest an initial dosing of 5 parts per
million (ppm) to 20ppm. If nitric oxide
is not available, we suggest using
sildenafil (0.5-2 mg/kg/dose, every
4-6 hours with a maximum of 20 mg/
dose, every 8 hours).

« Recruitment maneuvers: We do
not recommend the routine use of
recruitment maneuvers. They can be
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performed if there is adequate mon-
itoring, expertise, and clinical condi-
tion - we suggest a trial of step-by-step
titration of PEEP. Beware of mechani-
cal complications such as barotrauma
and hemodynamic instability.

» High-frequency oscillatory
ventilation (HFOV): We recommend
against its use due to the risk of con-
tamination of healthcare workers and
other caregivers. It may be used in
units with adequate isolation.

« Extracorporeal membrane oxy-
genation (ECMO): Consider veno-ve-
nous ECMO if in an experienced
center, when the patient maintains
pO2/FiO2 < 50 for 3h, or pO2/FiO2
50-80 for 6h, and pH < 7,25 with

pCO2 > 60 for 6h, and when the
patient doesn’t meet the exclusion
criteria (multiple organ dysfunction,
severe neurologic disfunction, pallia-
tive care).>®

WEANING/ EXTUBATION

Like it is with intubation, extubation
is a critical moment in the care of crit-
ically ill patients with COVID-19. We
recommend achieving very low venti-
lator settings before extubation (FiO2
< 30%, pressure support < 10cmH20
and PEEP < 7cmH20). We also sug-
gest performing a spontaneous
breathing test (SBT) with a T-piece
for better evaluation of successful
extubation. It is also important to test

FIGURE 3. Mechanical ventilation management flowchart in critically ill pediatric patients
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gag reflex and other airway protection
reflexes prior to extubation as there
have been reports of re-intubation in
patients with aspiration or excessive
airway secretions, some of them even
requiring bronchoscopy®'.

In pediatric patients, unplanned
extubation is more frequent, so they
should be closely monitored to mini-
mize those events.

CONCLUSION

Although some cases of Sars-CoV-2
may behave similarly to ARDS, they
have different pathological findings
and should not be treated as the
same illness. In addition, not every
approach is equal. Children appear
to have milder cases, but there have
been some reports of severe cases®
that require mechanical ventilation.

The suggested flowchart may con-
tribute to the bedside management of
severe pediatric cases of Sars-CoV-2
infection.m
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