Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 3 (149), 2024 eISSN 2786-667X

Creative Commons «Attribution» 4.0

PEDIATRICS / HEAIATPIA

UDC: 616.24-002:616.98:578.834COVID19]-06-085-053.2:614.21
https://doi.org/10.32345/USMYJ.1(149).2024.146-155

Received: June 13, 2024
Accepted: August 27,2024

Management of protective lung ventilation in children with a critical
course of acute respiratory distress syndrome caused by SARS-CoV-2
coronavirus infection

Tkachuk Roman
Bukovinian State Medical University, Chernivtsi, Ukraine

Address for correspondence:
Tkachuk Roman

E-mail: tkachuk.roman@bsmu.edu.ua
+380669246672

Abstract: the pandemic of coronavirus disease COVID-19 has created a serious threat to the public
health system worldwide. With the beginning of the pandemic, it became clear that children infected by
SARS-CoV-2, for unknown reasons, have a milder course compared to adults. In some cases, children
are asymptomatic carriers of the infection. In light of today s scientific discoveries, contrary to initial
reports, recent studies have shown that children are just as likely to contract the virus as adults, while
vague symptoms and a milder course more often characterize the disease itself. However, it is worth not-
ing that the true prevalence of asymptomatic SARS-CoV-2 infection is most likely underestimated since
children are not tested for COVID-19 without obvious clinical symptoms. This fact has been confirmed
by multiple blood tests indicating high titers of IgG to SARS-CoV-2. Compared to adults, the typical
clinical manifestations of COVID-19 in children are fever, runny nose, cough, and general weakness.
The laboratory test results indicate a normal level of leukocytes, lymphopenia, and an increased level
of aspartate aminotransferase, alanine aminotransferase, D-dimer, and MB creatine kinase. Currently,
there is no sufficient evidence that the etiotropic therapy is 100% successful. Yet a course of action such
as respiratory system protection, control of fluids and electrolyte homeostasis, anti-cytokine therapy,
preventative measures for thrombosis, and treatment for bacterial superinfection proved to be efficient
at preventing the development of possible complications caused by SARS-CoV-2. Therefore, it is import-
ant to collect and accumulate new experiences\cases of respiratory system protection management of
an acute respiratory syndrome with a critical course of acute respiratory distress syndrome caused by
COVID-19 and implement practical treatment plans for healthcare facilities. The results were analyzed
using clinical epidemiology methods. Children were admitted to the intensive care unit on an average of
6,6%+0,62 days of illness and were more associated with systemic disorders and water-electrolyte imba-
lance, which required prosthetic respiratory function, correction of hemodynamics and water-electrolyte
disorders, which was carried out in the infectious diseases department of anesthesiology and intensive
care for an average of 5,2+0,7 days. In children in the clinical group, SARS-CoV-2 was verified by re-
verse transcription polymerase chain reaction of a nasopharyngeal swab and/or exhaled air condensate
based on its positive results. Comprehensive treatment of patients with severe and extremely severe re-
spiratory distress syndrome in coronavirus disease included respiratory and hemodynamic support, an-
tiviral and antibacterial therapy, parenteral glucocorticosteroids and anticoagulants, which was in line
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with current national regulatory guidelines and local protocols. According to the criteria for choosing
a method of respiratory function prosthetics, in more than half of the patients (62,2%) with hemoglobin
oxygen saturation of less than 92%, while maintaining active respiratory capacity, respiratory support
was provided by supplementing humidified oxygen through a face mask or nasal cannulas. In another
29,7% of patients, non-invasive ventilation was performed by constant positive airway pressure, with an
oxygenation index of 0,4-0,5 and a positive end-expiratory pressure of 4-5 cm of water column. Children
who had a critical course of acute respiratory syndrome caused by coronavirus infection COVID-19
(8,1%) and in whom non-invasive methods of respiratory support did not bring the desired therapeu-
tic result were on invasive ventilation in the mode of auxiliary controlled ventilation or in the mode of
synchronized intermittent forced ventilation. It should be noted that children who received respiratory
support in the form of non-invasive ventilation by means of constant positive airway pressure required a
lower concentration of oxygen in the inhalation mixture compared to patients on free-flow oxygen sup-
plementation. The need for admission to the intensive care unit of children with COVID-19 is primarily
associated with respiratory disorders caused by interstitial pneumonia. Oxygen supplementation was of
paramount importance in patient management, primarily through noninvasive ventilation with constant
positive airway pressure or free flow. The use of a pulmonary protective strategy in the treatment of acute
respiratory distress syndrome caused by coronavirus disease COVID-19 in children requiring invasive
ventilation was accompanied by a pronounced positive result, as it was not accompanied by side effects

and resulted in a rapid recovery of patients.
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respiratory distress.

Introduction

The unprecedented case of the new coronavi-
rus (COVID-19) pandemic has caused significant
spread worldwide and a crude death rate. The most
common complex of symptoms encountered in the
pediatric population were fever, gastrointestinal
disorders, rash, conjunctival injection, and respi-
ratory disorders (Dufort E. M., Koumans E. H.,
2020; Davies P., Evans C., 2020; Kaushik A., Gup-
ta S., 2020; Aronoff S., Advani S., 2020; Dhanal-
akshmi A., 2020; Williams V., Dash N., 2020). The
leading nosological forms in children requiring
admission to the pediatric clinic, in particular, the
intensive care unit, were pneumonia, acute respira-
tory distress syndrome, as well as multiorgan dys-
function syndrome and multisystem inflammatory
syndrome (MIS-C) (Williams V., Dash N., 2020).

RDS is one of the manifestations of an acute
respiratory infection, in particular, in the course
of the infectious-inflammatory process caused by
the RNA viral SARS-CoV-2, which has a tropism
for respiratory alveolocytes, which determines the
severity of the condition (Aguilar-Caballero D.,
Capcha J. M. C., 2023). Unlike adults, children
have a milder course of COVID-19 in general for

unknown reasons. It is likely that children are less
affected by the SARS-CoV-2 virus due to lesser
expression levels of angiotensin-converting en-
zyme type 2. This case is supported by the fact that
adult patients, who required treatment in the inten-
sive care unit, had higher levels of cytokines, while
children with COVID-19 revealed a lower degree
of immune dysregulation (Gu H., Xie Z., 2016).

A unique challenge of the coronavirus disease
COVID-19 was the emergence of multisystem in-
flammatory syndrome in children, a rare post-in-
fectious hyperinflammatory disorder associated
with SARS-CoV-2. MIS-C is characterized by
predominant systemic inflammation, fever, hypo-
tension, and cardiac dysfunction. Unfortunately,
mortality from MIS-C is rare and does not require
respiratory protection (Patel J. M., 2022).

Children that were admitted to the intensive
care unit with a positive laboratory test for SARS-
CoV-2 had signs of respiratory disorder, often re-
quiring respiratory support, which requires differ-
ent techniques including standard oxygen therapy
via nasal cannula or face mask, high-flow nasal
oxygen therapy, noninvasive mechanical ventila-
tion, invasive mechanical ventilation and in critical
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conditions extracorporeal membrane oxygenation
procedure. The choice of technique/method de-
pends on every individual case. If during respirato-
ry support therapy a patient’s state begins to dete-
riorate, a number of reasonable indications should
be considered before starting invasive mechanical
ventilation. The principle of providing respiratory
support requires a strategic approach to prevent
unwanted complications, which, in some cases,
can be life-threatening.

An in-depth study and analysis of protective
lung ventilation management in children receiv-
ing treatment for the severe and extremely severe
course of the coronavirus disease COVID-19 com-
plicated by lung parenchyma inflammation is quite
important for gathering experience and increases
chances for a favorable outcome for patients in the
pediatric population.

Aim

The study aims to analyze respiratory system
protection features of acute respiratory syndrome
in children with a critical course of acute respira-
tory distress syndrome caused by the COVID-19
coronavirus infection.

Materials and methods

Chernivtsi Regional Children’s Clinical Hospi-
tal, Ukraine conducted a case-control study where
37 children (the average age of the children was
10,1£0,4 years, of which 63,0% were boys and
60,0% lived in rural areas, with an average body
weight of the children in the research group of
29,7+2,8 kg) had tested positive for severe acute
respiratory syndrome caused by COVID-19.

Hospitalization of children to the pediatric clin-
ic occurred on average 6,6+0,62 days after the on-
set of the disease and was mostly associated with
systemic disorders and water-electrolyte imbal-
ance, which required prosthetics of the respirato-
ry function, correction of hemodynamics and wa-
ter-electrolyte violations, which were carried out
in the infectious department of anesthesiology and
intensive care for an average of 5,2+0,7 days.

The average duration of inpatient treatment
was 12,2+1,25 days. Positive results for SARS-
CoV-2 were confirmed by the reaction of reverse
transcription-polymerase chain reaction (RT-PCR)
from nasopharyngeal swabs or exhaled breath con-
densate based on positive results. Thus, test results
for SARS-CoV-2 came back positive for 97,3% of
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patients admitted to the pediatric clinic, one child
was diagnosed with multisystem inflammatory
syndrome.

Diagnostic testing and treatment procedures
have been carried out in adherence to current na-
tional standards and guidelines (Order of the Min-
istry of Health of Ukraine No. 762 dd. 02.02.2020;
Order of the Ministry of Health of Ukraine No.
1380 dd. 02.08.2022).

According to the chosen study design, each pa-
tient had to meet all the inclusion criteria and have
no exclusion criteria.

Inclusion criteria:

— children aged 0-18 years with respiratory

disorders requiring respiratory support;

— children who have been diagnosed with
COVID-19 coronavirus disease based on
a positive rapid Ag test for SARS-CoV-2
virus and/or PCR for SARS-CoV-2 virus
RNA in nasal or oropharyngeal swabs or
exhaled air condensate based on its positive
results;

— informed consent of the patient, parents or
legal representative to cooperate with the
investigator in the study.

Non-entry criteria:

— age >18 years;

— presence of chronic upper and lower
respiratory tract disease (chronic tonsillitis,
cystic fibrosis, bronchiectasis, ol-anti-
trepsin deficiency, chronic bronchitis in
patients with tracheostomy tubes);

— patients with infectious inflammation of the
respiratory system of mild and moderate
severity;

— inflammation of the upper and lower
respiratory tract of non-infectious etiology,
of any severity.

The study was conducted by the Declaration of
Helsinki ethical principles. Informed consent for
this medical study has been given by parents freely
and voluntarily.

Results

The average duration of onset symptoms to
intensive care unit admission was 6,6+0,62 due
to ineffective outpatient treatment management.
Therefore, most often, patients were referred by a
general practitioner or family medicine physician
(64,9%) or by the team of the "Chernivtsi Emer-
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gency Medical Care and Disaster Medicine Cen-
ter" (13,5%).

Upon admission, children most frequent-
ly complained of fever (78,4%), general weak-
ness (67,6%), cough (63,9%), shortness of breath
(59,5%), headache (43,2%), myalgia, and arthral-
gia (45,9%), picture 1. During inpatient treatment
97,3% of patients pronounced general weakness,
78,4% of patients experienced decreased or loss
of appetite, 35,1% had headaches, and a third of
the children experienced loss or alteration of taste
and/or smell (32,4% and 29,7% respectively).
Most children predominantly indicated symptoms
of lower respiratory tract infection such as cough
(81,1% of cases), shortness of breath (51,4%), and
chest pain (16,2%). Initial symptoms of upper re-
spiratory tract infection were pharyngitis (51,4%)
and rhinopharyngitis (32,4%).

Imaging findings of the pulmonary paren-
chyma and interstitium confirmed unilateral lung
infection (right lung pneumonia was verified in
43,3% of children and left lung pneumonia was
confirmed in 21,6% of patients), while every
fourth child (27,0%) suffered from bilateral pneu-
monia. Interstitial lung inflammation was observed
in 8,1% of patients, and pneumonia complicated
by exudative pleuritis was seen in 5,4% of cases.
To sum up, 97,3% of cases exhibited respiratory
failure (Grade II and above), where 82,2% were
severe and 17,8% were critically severe.

During physical assessment, 45,9% of patients
were found to have abnormal breath sounds and
91,9% of patients experienced shortness of breath.
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Notably, every fourth child tested negative for
SARS-CoV-2 RNA on the 14,0+1,54 day of inpa-
tient treatment while having clinical symptoms.
This may likely indicate a bacterial superinfection.

The comprehensive treatment of patients with
severe and extremely severe respiratory distress
syndrome of coronavirus disease included respi-
ratory and hemodynamic protection, antiviral and
antibacterial therapy, the use of parenteral gluco-
corticosteroids and anticoagulants, which were in
line with current national regulatory guidelines and
local protocols. In particular, given the presence of
intoxication syndrome and dehydration, all chil-
dren in the study cohort received infusion therapy
with glucose-salt solutions.

8,1% of patients with a critically severe course
of the disease were treated with a combined immune
corrective therapy along with an antiviral adenos-
ine triphosphate nucleotide analog drugs, which in-
hibit RNA-dependent RNA polymerase and stops
the growth of the viral RNA chain (remdesivir) and
intravenous normal human immunoglobulin.

All children presented to the hospital with se-
vere conditions. The assessment of X-ray imaging
results indicated changes in lung picture suggesting
possible bacterial respiratory tract infection, and
general bacterial infection based on blood work
results. These data suggest antiviral medication
protocol which is regulated by the current national
standards and guidelines (Order of the Ministry of
Health of Ukraine No. 762 dd. 02.02.2020; Order
of the Ministry of Health of Ukraine No. 1380 dd.
02.08.2022).

59,50%

43.20% 45,90%

M

Headache Myalgia and
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Picture 1. Leading clinical markers in children with pneumonia
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COVID patients under the age of 18 who were
treated in the intensive care unit and were at risk
for venous thromboembolism, according to labora-
tory test data (increase in D-dimer, C-reactive pro-
tein, decrease in active partial prothrombin time),
were considered a target cohort for low molecular
weight heparin therapy as antithrombotic prophy-
laxis (80,3%). Adjustment of the dose and duration
of anticoagulant therapy was decided individually
in each specific case based on the data of laborato-
ry markers of thromboembolism and was on aver-
age 5,4+0,5 days.

Systemic corticosteroids were used to treat in-
patients in the cohort study in adherence to the se-
vere COVID-19 treatment protocol.

All children admitted to the intensive care unit
required respiratory support due to existing respi-
ratory disorders. The choice of respiratory support
management was determined individually in each
specific clinical case with a preference for gen-
tle, non-invasive methods. Most of the patients
(62,2%) with normal breathing, yet whose oxygen
saturation levels (Studies on the Oxygen Satura-
tion of Arterial Human Blood — SpO:) were below
92%, received oxygen support through an oxygen
mask or nasal cannula.

At the same time, nearly one-third of children
required non-invasive and invasive mechanical
ventilation as high-flow humidified oxygen thera-
py was not enough. 29,7% of patients were treated
using continuous positive airway pressure therapy
(CPAP therapy) with oxygenation index (FiOz2) 0,4-
0,5 and positive end-expiratory pressure (PEEP) of
4-5 cm H20. 8,1% of hospitalized children were
put either on pressure-assisted controlled venti-
lation (P-A/C) or synchronized intermittent man-
datory ventilation (SIMV). It is worth noting that
children receiving noninvasive continuous positive
airway pressure ventilation support required a low-
er concentration of oxygen in the inhaled mixture
compared to those on free-flow oxygen support.

Those children who have been showing wors-
ening signs of cardiorespiratory distress syndrome
while under NIV support, underwent orotracheal
intubation under direct laryngoscopy with a ther-
moplastic polyvinyl chloride tube with a large-vol-
ume low-pressure cuff and an X-ray contrast strip
mounted in the tube wall, followed by a transition
to mechanical lung ventilation.
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Supplemental respiratory support therapy for
patients with restrictive breathing has included the
use of invasive mechanical ventilation in the mode
of adaptive support ventilation and synchronized
intermittent mandatory ventilation (Marraro G. A.,
& Spada C., 2020). To support better coordination
between the patients and the mechanical ventilation
machine, we were switching between intermittent
positive pressure-assisted controlled ventilation
mode and synchronized intermittent mandatory
ventilation. Once it is determined that the patient
is likely to tolerate spontaneous active breathing,
one can continue with extubation followed by con-
tinuous positive airway pressure (CPAP) oxygen
support through a mask or nasal system (nCPAP).

When planning a lung protection support strat-
egy for ventilated patients we set the ventilator pa-
rameters to achieve the lowest possible tidal volume
(TV) for the patient’s ideal body weight, the lowest
possible oxygen concentration in the inhaled air,
while simultaneously maintaining recommended
high levels of peak inspiratory pressure (PIP/Pinsp),
positive end-expiratory pressure (PEEP), and lon-
ger inspiratory time (time inspiratory T1/Tinsp) oOr
peak inspiratory flow (PIF).

To maintain spontaneous active breathing capa-
bility in children, the initial ventilator mode was set
to P-A/C with a flow trigger of 2,8 1/min. For fur-
ther treatment strategy it was crucial to determine
the ideal body weight (IBW). The lung volume is
best correlated with height (m) rather than weight
(kg), the IBW was calculated as (h* x 22) where h is
height in meters. The next step was to determine the
optimal tidal volume. The generally recommended
TV target is 4-6 ml per kg of ideal body weight,
but given increased lung stiffness caused by acute
respiratory distress syndrome, the TV was set at
6 ml/IBW. The next important step was to deter-
mine minute ventilation (MV), which was calcula-
ted as (IBW (kg) x 100). By entering the patient’s
TV and MV we were able to set the respiratory rate
(RR) required to achieve arterial blood oxygen sa-
turation target within the range of 88-95%. The RR
was calculated as (RR = MV/TV).

After all the calculations, the decision has been
made to set FiO2 at 60% followed by attempts to
reduce %, since a high concentration of oxygen in
the inhaled oxygen-air mixture triggers proteins
and lipid peroxidation, which are an integral part of
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cell membranes and biologically active substances,
causing oxidative damage to the alveoli.

The next step was to set the Pinsp and PEEP
values, which create constant pressure within the
ventilator breathing circuit to prevent alveolar col-
lapse at the end of expiration and open those areas
of the lungs affected by atelectasis. This promotes
non-functional alveoli to open and keep it that way,
thereby increasing surface area for gas exchange,
lowering the risk of shunting of deoxygenated
blood, and improving the ventilation-perfusion ra-
tio and the alveolar-arterial oxygen gradient.

At the same time, the goal was to maintain the
inspiratory flow as low as possible, which would
help improve lung ventilation by ensuring the even
distribution of the oxygen-air mixture across the
entire lung surface. The initial value of inspiratory
flow was set at 18-20 cmH20, Tinsp at 0,5 sec, and
a PEEP at 6-8 cmH-0.

A normal inspiration (I) and expiration (E)
ratio for effective gas exchange to occur in the
lungs was set at 1:2-2,5. Having a prolonged and
increased I:E ratio has the following effects: more
time for gas exchange at the alveoli and increased
mean airway pressure during the respiratory cycle.
As a result, atelectatic lung areas are pneumatical-
ly open and the ventilation-perfusion ratio is im-
proved. Mechanical ventilator parameters were set
as follows (https://adst.mp.pl/s/empendium/img_
zoom/B27/027 2820.jpg):

— Inspiration time |
— Inspiratory flow rate 1

— Inspiration time?{
— Inspiratory flow rate |

Figure. 2. How L:E ratio affects mechanical
ventilator settings

More inspiratory time (:E <1:1,5) led to an
inspiratory flow rate increase and/or shortened in-
halation duration, thus achieving the target range
of SpO:z. Those patients failed to achieve the tar-
get SpO, value, and mechanical ventilator settings
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were set as shown in Figure 3 (https://adst.mp.pl/s/
empendium/img_zoom/B27/027 2744.jpg) while

adjusting the initial Pinsp value.
|
l Gradual 1 PEEP l Gradual | FiO2

Figure. 3. SpO2 level and ventilator settings
adjustment

The initial ventilator setting was a pressure
control. In order to achieve the target range of SpO2
we adjusted the parameters of PEEP, Pinsp, Ppeak,
respiratory rate f, Tinsp, and FiOz. The tidal vol-
ume (TV) delivered to the lungs with each breath
varied depending on the mechanical properties of
the lungs and was determined by the ventilator set
parameters. Carefully monitoring SpO: levels with
an oximeter (every 15-20 mins), we have been
gradually adjusting PEEP by 2 cm H20. However,
we had to be very cautious in maintaining the max-
imum allowable PEEP value (14 cm H20, and in
rare cases 20 cm H:0), as increasing PEEP value
can cause hemodynamic disorder, decreased ve-
nous return to the heart, decreased left ventricular
function, lung parenchyma overdistension, which
poses a significant risk of developing barotrauma
and volutrauma.

While increasing PEEP, we were gradual-
ly increasing Pinsp to a safe value of 35 cm H-O,
as well as Tinsp and f. Failed to reach the target
range of SpO: value despite reaching the maxi-
mum allowable upper limits of PEEP, Pinsp, Tinsp,
and f, the next step was to gradually increase the
Oz concentration in the inhaled mixture by 10%.
SpO2 level was monitored with an oximeter ev-
ery 15-20 minutes until the intended result was
achieved.

All children’s arterial blood was assessed for
gas and acid-base composition, combined with the
results of continuous capnography and SpO: level
monitoring to objectively adjust the mechanical
ventilation parameters according to Table 1.
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Table 1. Principles of correction of ventilator parameters depending on the results of blood gas
analysis (Annex 3 to the Order of the Ministry of Health of Ukraine No. 873 of 05.05.2021)

Partial Pressure of | Partial Pressure of Actions
oxygen (Pa0O2) Carbon Dioxide
(PaCO2)

* 1 Peak inspiratory pressure(PIP), increases mean airway pressure;

| Pa02 T PaCO2 * Children that breath on their own, maybe 1 ventilation frequency.
* 7 Mean airway pressure;

PaO N* PaCO - 1 Fioz

| PaO2 atbn * do not change PIP settings (1 Positive end-expiratory pressure (PEEP)
and/or inspiratory time Tinsp.
* 1 FiOz;

| PaO2 1 PaCO2 * 1 Mean airway pressure (T PEEP and/or Tinsp);
* Alternative diagnosis: persistent pulmonary hypertension, sepsis, shock.
» | PEEP;

N PaO2 1 PaCO2 * 1 ventilation frequency;
* do not change Mean airway pressure
* | ventilation frequency;

NPa02 | PaCO2 * Mean airway pressure initial settings.
» Exclude mechanical causes of endotracheal tube obstruction;
- | PEEP;

1 PaO2 1 PaCOz * | Tinsp;
* | FiO2;
* 1 ventilation frequency.
* | mean airway preassure;

1 PaO2 N PaCO2 « | FiO2.
* | PIP;

1 PaO2 1 PaCO2 * | ventilation frequency;
* | FiOa.

N PaO2 N PaCO2 * Ventilator settings remain unchanged.

Note * - N - normal (acceptable) value

Thus, in 29,7% of cases, respiratory acidosis
was recorded according to the results of the gas
and acid-base composition of arterial blood. In
particular, in the study cohort of patients, arterial
blood pH on average corresponded to 7,18+0,2,
PaCO: 39,7+0,7 mmHg (95% CI 38,9-40,3),
Pa0O:2 44,1+0,3 mmHg (95% CI 41,2-46,3), HCOs
23,4+0,4 mmol/l (95% CI 22,8-24,1) with an aver-
age oxygenation index of 132,2+9.4 mm Hg (95%
CI 126,7-135,2).

Heat-and-moisture exchangers were proven
to be effective for ventilator dependent. The oxy-
gen-air mixture was supplied to the patient via a
breathing circuit at 31-37°C. The breathing circuit
with the connector was complemented by a bacte-
ricidal filter, which was replaced every 96 hours.

Patients required general sedation for patient
ventilator synchronization. 20% sodium oxybate

drug was chosen for its nootropic properties. This
sedative is a medication that has hypnotic, narcot-
ic, central muscle-relaxing properties, enhances
the analgesic activity of both narcotic and non-nar-
cotic analgesics, increases the body’s resistance to
hypoxia, protects the brain, heart, retina, and acti-
vates oxidative processes.

To start a ventilator weaning process, children
had to meet several criteria such as regained con-
sciousness, improvement of acute metabolic and
respiratory disorders, hemodynamic stability, de-
creasing secretion burden, the presence of a strong
cough, and spontaneous, unassisted breathing.
Once all important factors are considered, children
are ready for a scheduled extubation followed by a
2-day respiratory support using a T-piece oxygen
delivery system, where CPAP therapy was admin-
istered by face mask with FiO2 at 0,3 and PEEP at
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6-8 cm H:0. After completing nCPAP with FiO,
of 0,3 and PEEP of 4 cm H:O, humidified oxygen
was administered via a face mask or nasal cannula
until the patient regained full breathing abilities. It
is worth noting that none of the critically ill respi-
ratory distress syndrome patients required extra-
corporeal membrane oxygenation (ECMO).

Discussion

The article presents a clinical case study of se-
vere acute respiratory distress syndrome caused
by the SARS-CoV-2 virus in children. The sever-
ity of the child’s condition is primarily caused by
lower respiratory tract infection, including cough
(81,1%), shortness of breath (51,4%), chest pain
(16,2%), etc. Worsening of existing respiratory
conditions required a directed treatment plan of
prolonged respiratory system protection that was
apparent to each individual.

The results of the study also confirm the data
from the literature (Marraro G. A., & Spada C.,
2020), which indicate that the use of a pulmonary
protective strategy in the treatment of acute respi-
ratory distress syndrome caused by an infectious
and inflammatory process in the pulmonary paren-
chyma during the course of coronavirus disease
COVID-19 is the most optimal, as it prevents the
formation of atelectasis, oxidative stress, pneumofi-
brosis and accelerates the recovery time of patients.

This article observes cases of COVID-19 in
children that, in our opinion, can be considered as
confirmation that children can be affected by a se-
vere course of coronavirus as much as adults. The
treatment plan was characterized by a combina-
tion of early, aggressive, complex, and multi-tar-
get therapy to stabilize the patient’s condition as
quickly as possible and reduce recovery time.

Conclusions

1. The primary reason for COVID-19-associ-
ated hospitalizations to the intensive care unit is
respiratory disorders caused by pneumonia.

ISSN 2786-6661
eISSN 2786-667X

2. A combined multi-target COVID-19 treat-
ment plan included respiratory and hemodynamic
system support, the use of systemic corticoste-
roids and antithrombotic drugs as well as directed
antiviral and/or antibacterial therapy for superin-
fection

3. Noninvasive continuous positive airway
pressure ventilation or high-flow oxygen therapy
was considered as a primary oxygenation support
treatment management plan.

4. The use of a pulmonary protective strategy
in the treatment of acute respiratory distress syn-
drome caused by coronavirus disease COVID-19
in children requiring invasive lung ventilation was
accompanied by a pronounced positive result, as it
was not accompanied by side effects and resulted
in a rapid recovery of patients.

5. Unlike children, in adults, the approach to
respiratory function prosthetics in case of respira-
tory failure of the third degree requires a slightly
different approach, which is associated with the
anatomical and physiological characteristics of the
body, the presence of concomitant pathology, met-
abolic processes, etc.
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MeHex:KMEHT NPOTEKTOPHOI BEHTUJIANII JIereHb y JiTei i3 KPpUTHYHUM
nepediroM rocTporo pecnipaTropHoro IMCTpPec-CHHAPOMY BUKJIHUKAHUM
KopoHaBipycHOI iHpekiero SARS-CoV-2
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Anomauia: nanoemisn kopouagipycnoi xeopoou COVID-19 cmeopura cepiiozny 3aepo3y cucmemi
2PomMaoCcbko20 300p08 s 8 yCbomy c8imi. 3 nouamkom naHoemii KOpOHA8IPYCHOI X60poOU CMALo 04eBUOHO,
wo Oimu, iHEiKoeaui cocmpor pecnipamoprow sipychoro ingexyieto, suxaukanoio SARS-CoV-2, 3a
00CMeMeHHO HeGIOOMUX NPUYUH, MAIOMb le2ulili nepedie 8 NOPIBHANHI I3 00POCIUMU, d 8 HACMUHT BUNAOKIS,
Oimu € 6e3CUMNMOMHUMU HOCIAMU IHeryii. B c8imii cb0200eHHUX HAYKOBUX GIOKPUMMIG, HA BIOMIHY 8i0
NOYAMKOBUX NOBIOOMILEHb, OCMAHHI OOCTIONCEHHS NOKA3AMU, WO OIMuU 3 MAKOW JHC UMOGIPHICMIO, 5K |
00pOCTl, MOJCYMb 3apaAACAMUCS 8IPYCOM, 800HOYAC CAME 3AXBOPIOGANHS Yacmiule XapaKmepu3yemocs
HeBUPA3HOI0 CUMNIMOMAMUKOI0 ma ne2uium nepebicom. Ilpome, eapmo @iomimumu, wo Cnpag’CcHs
nowupernicms oezcumnmomuoi ingexyii SARS-CoV-2, wsuouie 3a 6ce, HeO0OYiHeHa, OCKIIbKU MeCHy8aHHs.
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oimeti na COVID-19 6e3 6upaznoi KaiHiyHOI cumnmomamuky npoeoosims 6 pioKicHux eunaokax. Ha
Kopucmbs niomeepON#CeHHs Yb020 (haxmy UCHYNAoms pempocneKmueHo ompumari sucoxki mumpu IgG
00 SARS-CoV-2. B nopigenanni i3 dopociumu munosumu kiinivnumu nposeamu COVID-19 y dimeil €
2apAYKa, HexXCumsv, Kaulenb ma 3a2aibHa c1aoKicms. Jlani 1a00pamopHux pe3yivmamie 00CIiOHCeHH s
Xapakmepuzyromucsi 30e0i1bul020 HOPMATbHUM PIGHeM JeUKoyumie, 1iMponexicio, nioguueHHIM PigHs.
acnapmamaminompancgepasu, araninaminompancgepasu, D-oumepy ma piens kpeamunkinasu MB.
OcKinvKuHAS8HAeMIOMPONHAMEPania3axeoplo8aHHAHAPA3IIUUIEe HADYBAE OOKAZ08UXXAPAKMEPUCTIUK,
KOMNIeKC MepanesmuyHux 3axX00i6 CIoco8Ho X80pUX HA 20CMpPYy pecnipamopHy xeopooy, uxkiuxany SARS-
CoV-2, nanpasnenuii Ha 3ano0ieants poO3GUMKY MONCTUBUX YCKIIAOHEHD, d came: pecnipamopHa npomexyis,
Kopekyisi 2i0pobanancy ma en1ekmponimHo2o 20Meocmasy, BUKOPUCHAHHS NPOMUZANATLHUX NPEnapamis 3
AHMUYUMOKIHOBOIO AKMUBHICIIO, 3aN00I2aHHA MPOMOOMUYHUM YCKIAOHEHHAM, TIKYBAHHS 6AKMePIaTbHOT
cynepingpexyii. Tomy, amaniz ocobausocmi pecnipamopHoi npomexyii 20cmpo2o pecnipamopHo2o
cuHopomy y dimetl i3 KpUMUYHUM nepebicom 20cmpoz2o pecnipamopHo20 OUCMpec-CUHOPOMY BUKTUKAHO20
KopoHagipycrotw ingekyicto COVID-19, € dosoni akmyanbHum 6 acnekmi HAKONUYEHHs HOB020 00CBI0Y 3
Memoio NPOBAOHCEHHA 1020 8 NPAKMUYHY OIANbHICIb 3aK1A0I8 OXOPOHU 300p08 5. Ywunumanenus oimeti 00
8i00ineHHs IHmeHcugHoi mepanii 6i00ysanocs 8 cepednbomy Ha 6,6+0,62 denwb 3ax60pro8ants ma 6 OinbLil
Mipi 6Y110 N08 ’a3aH0 13 CUCMeMHUMU p03fzac)amu ma nopyuennsm B00HO-€NIeKMPONIMHO20 6ANAHCY, WO
nompebysanu npome3yeaHHs pecnipamopHoi QyHkyii, Kopekyii 2eMoOUHAMIKY Ma 800HO- e/zekmpommnux
nopyuleHsb, o 30iliCHIOBANIOCA 8 YMOBAX mqbem;zuﬂe 8I00iNeHHs anecmesionozii ma inmeHcUsHoi mepanii
8 cepeonvomy 5,2+0,7 ous. V oimei xniniynoi epynu eepughikayis SARS-CoV-2 nposoounacs wiisxom
noNiMepasHoi 1aHY02080i peakyii 360pOMHOI MPAHCKPUNYIT MA3KA 3 HOCO2IOMKU Ma/abo KOHOeHcany
BUOUXYBAHO20 NOGIMPS HA NIOCMAGI ii no3UuMuUHUX pe3ynomamis. Komniexcre 1iky8aHHs X80pUX 3 MANCKUM
ma 6Kpau MANCKUM pecRipamopHum OUCmpec-CUHOPOMOM NpU KOPOHABIDYCHINL X8OPOOI BKIIOUANO
3ax00U pecnipamopHoi, 2eMOOUHAMIYHOI NpomeKyii, NPOMUBIPYCHY ma aHmuOaKmepiaivbHy mepaniio,
BUKOPUCMAHHA NAPEHMEPATbHUX 2TIOKOKOPMUKOCMEPOIOi6 ma aHmMUKoazynsaHmie, wo 6i0nosioano YuHHUM
HAYIOHATIbHUM Pe2llamMeHny8aIbHUM HACMAHO8AM MA JOKALbHUM NPOMOKONAM. Bionogiono do kpumepiig
gubopy memody npomesy8anus pecnipamopHoi Qyuxyii' y 6ineuioi nonosunu nayienmis (62,2%), 6 axux
Pi6eHb HaCUYeHHs 2eMO2lI00IHY KUCHeM CIMAaHo8ue meHule, Hise 92%, npu 30epedxceHi akmueHoi OuxaibHoi
CHPOMONCHOCI, PecnipamopHa NiOMpUMKa NPOBOOULACS WIAXOM OOMAyii 360/100CEHO20 KUCHIO Yepe3
auyesy mMacky abo mazanvui kawoni. e y 29,7% nayienmie npoeoounacs HeiH8A3UBHA 8EHMUNAYIS
WISIXOM NOCMITIHO20 NO3UMUBHO20 MUCKY 8 OUXANbHUX wiiaxax, npu iHoekci okcueenayii 0,4-0,5 ma
NO3UMUBHOMY MUCKY 8 KiHYl uouxy 4-5 cm 600Ho20 cmosnuuka. [imu, ki many KpumuyHui nepeodie
20CMpPO20 pecnipamopHo20 CUHOPOMY BUKIUKAHO020 KopoHagipycHoto inghexyicio COVID-19 (8,1%) ma
8 AKUX HEIHBA3UGHI MemoOUu pecnipamopHoi niOMpumKu He HPUHOCUTU OANCAHO20 MEPANEeSMUUHOO
pe3yiomamy nepedy8anu Ha iH8A3UGHIN 8eHMUNAYII 1e2eHb 8 pedCumi OONOMINCHOI KOHMPONbOBAHOI
BeHMUNAYIT ab0 8 pedcUMi CUHXPOHI308aHOI nepemiscHoi npumycogoi eenmunayii. Cnio eiomimumu,
Wo Oimu, AKUM pecnipamopHa NiOMpUMKa HPOBOOUNACs y 6UeiA0l HeIHBA3UBHOI eHMUNAYII ULIAXOM
NOCMIUHO020 NO3UMUBHO20 MUCKY 8 OUXANbHUX UWLIAXAX, NOmpedysanyu MeHuoi KOHYeHmpayii KUCHIO y
BOUXYBANLHIU CYMIWI Y NOPIBHAHHI 3 XBOPUMU, WO Nepedy8anu Ha KUCHe8itl 00mayii 8iIbHUM NOMOKOM.
Heobxionicmov ywnumanenus y 6i00inenns inmencusnoi mepanii oimet, xeopux na COVID-19, 6 neputy
yepzy nog A3aH0 3 peCnipamopHuMuy po3nadamu, 3yMo8IeHUMU IHmepcmuyitiHo nueemoHicero. [Iposedenns
KUCHeBoi 0omayii Mano nepuiouepeoge 3HAYEHHs V MEHeOJICMeHmie NayicHmie npiopumemHo Wisxom
HEIHBA3UEHOI 6eHMUNAYTI e2eHb 3 NOCMIIHUM NO3UMUBHUM MUCKOM 8 OUXANbHUX WIAXAX ab0 BLTbHUM
NOMOKOM. 3ACMOCY8AHHS 1€2eHe80-NPOMEKMUBHOI cmpamezii 8 NKY8AHHI 20CMpPOo20 pecnipamopHozo
OUCmpec-CUHOPOMY 3YMOBILEH020 KOpOoHasipychot xeopoboro COVID-19 y odimeil sxi nompebysanu
IHBA3UBHOT BeHMUNAYIT J1e2eHb CYNPOBOONHCYBANOCS BUPANCEHUM NOSUMUBHUM DE3VIbIAMoM, mMax K He
cynpoeodofcyeaﬂoc;z nooiuHUMU Hacm()K.aMu' ma Copyright: © 2024 by the authors;
3aKIHYYBANOCA WBUOKUM OOYHCAHHAM NAYIEHMIS. licensee USMYJ, Kyiv, Ukraine.
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