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ABSTRACT

Mechanical ventilation practice 
of pediatric patients with Covid-19 

in Indonesian tertiary hospital

Kurniawan Taufiq Kadafi*, Erviani Maulidya, William Prayogo Susanto, 
Saptadi Yuliarto

Background: Coronavirus Disease-2019 (COVID-19) in children tend to have milder clinical manifestation. However, some 
develop critical conditions and require mechanical ventilation in the Pediatric Intensive Care Unit (PICU). Various modalities 
are recommended for mechanical ventilation, such as High Flow Nasal Cannula (HFNC), Continuous Positive Airway Pressure 
(CPAP), or invasive ventilation with intubation. This study aims to describe the clinical feature, ventilation modalities usage, 
and the outcome of children with critical COVID-19.
Methods: This is a retrospective study in COVID-19 children with respiratory distress who were treated in the COVID-19 
isolation PICU room of Saiful Anwar General Hospital for one year. The data was gained from the medical record and analyzed 
descriptively. Data were analyzed using Ms. Excel for Windows.
Results: A total of 51 children with COVID-19 were admitted to Saiful Anwar general Hospital in one year period, with 12 of 
them in critical condition and 6 children require mechanical ventilation. The main signs developed were fever and dyspnea. 
Invasive mechanical ventilation applicated in 5 patients, and only 1 patient received Non-Invasive Ventilation (NIV). The mean 
of PEEP used in invasive ventilation is 7-9 cmH2O, lower than ESPNIC’s recommendation of 8-10 cmH2O. Length of ventilator 
usage is 2-21 days, with 2 patients passed away, both with a comorbid and organ system injury.
Conclusion: The mechanical ventilation setting must be determined individually based on the patients’ condition, despite 
several guidelines providing the recommendation.
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INTRODUCTION
Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) is the 
agent causing Coronavirus disease 19 
(COVID-19).1 SARS-CoV-2 has the 
ability to pathogenically and quickly 
spreading, causing a pandemic and broad 
multidisciplinary effect.2 COVID-19 
can occur in all-age children, with <5% 
prevalence worldwide. The fatality of 
COVID-19 in children <0.1% from the 
total, which is much lower than fatality in 
the adults and elderly, around 5-15%.1,3,4 

In Indonesia, the prevalence of pediatric 
COVID-19 is 12.5% from total cases 
with 1.2% fatality, which is higher than 
worldwide.5

COVID-19 in children reported 
in several studies to have a milder 
clinical manifestation. However, 2% 

of pediatric COVID-19 showed severe 
clinical manifestation and some of them 
have a critical condition.6 In pediatric 
COVID-19, desaturation (SpO2 <92%) 
occurred in 1-2.3%, with 8% requires PICU 
and 4% requires mechanical ventilation.7-9 

Several countries already recommend 
mechanical ventilation application in 
children with COVID-19. The Paediatric 
Mechanical Ventilation Consensus 
Conference (PEMVECC) and the section 
on respiratory failure from the European 
Society for Paediatric and Neonatal 
Intensive Care (ESPNIC) recommend 
the application of Continuous Positive 
Airway Pressure (CPAP) or Bi-Level Non-
Invasive Ventilation (NIV) as a first oxygen 
therapy choice in pediatric COVID-19 
with ARDS in SpO2/FiO2 between 221 
and 264.10 CPAP or Bi-Level NIV is more 

recommended than High Flow nasal 
Cannula (HFNC). HFNC is considered 
if there is no CPAP/Bi-level NIV and the 
patient still has SpO2/FiO2 > 264 (FiO2 
< 0.35-0.4). Intubation is mandatory if 
SpO2/FiO2 is less than 221 and inpatient 
with refractory respiratory distress (no 
improvement after oxygen therapy with 
CPAP/NIV with SpO2 target of 92-97% 
and FiO2 < 0.6 for 60-90 minutes).10 If the 
patient uses HFNC, intubation indicated 
no improvement after oxygen therapy 
with a SpO2 target of 92-97% and FiO2 < 
0.4 for 30-60 minutes. Invasively ventilated 
patients are recommended to have a lung-
protective ventilation therapy approach 
with Vte 5-7 mL/kgBW, Pplat <28-32 
cmH2O, driving pressure ≤ 15 cmH2O. 
The low tidal volume is needed in poor 
compliance lung. Positive End Expiratory 
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Pressure (PEEP) starts from 10 cmH2O 
and might be increased gradually.10 This 
recommendation was also adopted in 
COVID-19 Management Guideline in 
Indonesia.11 

Several literatures recommend oxygen 
therapy in a critical patient based on 
the type of lung injury, H-type (high 
elastance, low compliance), and L-type 
(low elastance, high compliance). NIV 
respiratory support is recommended in 
children with moderate Acute Respiratory 
Distress Syndrome (ARDS), and High 
Flow Nasal Oxygen (HFNO) therapy 
is recommended in children with mild 
ARDS. Invasive ventilation in pediatric 
COVID-19 with H-type lung injury is 
recommended to use PEEP 10-12 cmH2O, 
tidal volume 4-6 mL/KgBW, ΔP <15 
cmH2O, Pplat <30 cmH2O, and FiO2 <0.6. 
Meanwhile, in the L-type lung injury, it is 
recommended to use invasive ventilation 
with PEEP 8-10 cmH2O, tidal volume 6-8 
mL/KgBW, ΔP <15 cmH2O, and FiO2 
<0.6.12,13 Other recommendations suggest 
HFNC application in pediatric COVID-19 
with critical symptoms after failed Low 
Flow Nasal Cannula (LFNC) therapy. 
Work of breathing and hypoxemia 

increase are the indication of therapy 
escalation into NIPPV or BiPAP.14

Recently, mechanical ventilation in 
children with Covid-19 is still not much 
reported. This study aims to describe the 
clinical feature of children with severe 
and critical COVID-19, ventilator setting 
used, length of ventilator application, and 
the outcome of pediatric COVID-19 with 
mechanical ventilation.

METHODS
We performed a retrospective review 
study in children with respiratory distress 
and respiratory failure, whom COVID-19 
confirmed from medical records. The data 
recorded including age, gender, body 
weight, organ system involvement, any 
comorbid, clinical feature on hospital 
admission, type and length of mechanical 
ventilation used, maximum ΔP and 
PEEP, and the patient’s outcome. This 
study was performed in the COVID-19 
isolation PICU room of Saiful Anwar 
General Hospital from April 2020 to 
April 2021. The inclusion criteria were 
children aged 0-18 years and confirmed 
COVID-19 with RT-PCR test results. The 

exclusion criteria were the mechanical 
ventilation used for other causes or 
incomplete patients’ data—consecutive 
sampling was used in this study. Results 
are descriptive and presented as absolute 
numbers and percentages, analyzed by 
Ms. Excel software. A research flowchart 
is mentioned in Figure 1. 

RESULTS
Over 1 year period, 491 children with 
suspect COVID-19 and 51 children of them 
were positively COVID-19 confirmed. 
There were 62 patients treated in the 
COVID-19 isolation PICU room, with 12 
of them positively COVID-19 confirmed. 
Of the suspect patients, 40 were male, and 
25 used mechanical ventilation, as seen in 
Table 1. Dominant symptoms of suspect 
COVID-19 patients on hospital admission 
were dyspnea (40 patients), fever (36 
patients), and dry cough (23 patients), as 
seen in Figure 2. From the COVID-19-
confirmed patients only, 6 patients used 
mechanical ventilation, as seen in Table 
2. Dominant symptoms of COVID-19 
confirmed on hospital admission were 
dyspnea and fever, as seen in Figure 3.

All of the COVID-19 confirmed 
patients who received mechanical 
ventilation had a problem in the 
respiratory system and were comorbid, as 
seen in Table 3. About 5 patients received 
invasive mechanical ventilation and 1 
patient received NIV. The maximum 
PEEP used was 7-9 cmH2O with a length 
of mechanical ventilation between 2-21 
days, as seen in Table 3.

DISCUSSION
COVID-19 number gradually increases, as 
WHO recorded 175,987,176 COVID-19 
cases and 3,811,561 fatal cases on June 
15th.15 In Indonesia, 1,531,005 COVID-19 
patients with 42.666 fatal cases on June 
17th. COVID-19 in children occurred in 
12.5% of total COVID-19 prevalence with 
1.2% fatal cases.16 Pediatric COVID-19 
patients in Indonesia are relatively high 
compared to global prevalence. There 
are 3% pediatric COVID-19 prevalence 
worldwide with various mortality rates.17 
Mortality rates of pediatric COVID-19 
are 1.6% in the USA, 2.14% in England, 
1.81% in Italy, 0.64% in Germany, 3.97% Figure 1.  Research flowchart enrolled in this study
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Table 1. Basic Characteristics of Children with COVID-19 Admitted to PICU
Characteristics All Suspected Cases (n=62) Confirmed Cases (n=12)

Male gender, n (%)
Mechanical ventilation, n (%)

•	 Invasive
•	 Non-Invasive

ECMO, n (%)
Survivor, n (%)

40 (65.0)
25 (40.0)
10 (40.0)
15 (60.0)

0 (0.0)
51 (82.0)

8 (67.0)
6 (50.0)
4 (67.0)
2 (33.0)
0 (0.0)

10 (83.0)

Figure 2.  Main Signs & Symptoms of Suspect COVID-19 
Children Admitted to PICU

Figure 3.  Main Signs and Symptoms of Confirmed COVID-19 
Children Admitted to PICU

Table 2. Demographic Characteristics, Organ System Involvement, and Comorbidity from Children with COVID-19 who 
Receive Mechanical Ventilation on Isolation PICU 

Demographic Characteristics Organ System Involvement Comorbid

Case Age Gender Body Weight 
(Kg) GIT Cardiovascular Respiratory Hematologic Yes No

Case 1 43 days Male 3,5

Case 2 13 months Female 5,5

Case 3 16 years Male 71

Case 4 9 years Male 18

Case 5 41 days Male 4,1

Case 6 13 years Female 29

Table 3.  Mechanical Ventilation Characteristics of the Children with COVID-19 who Receive Mechanical Ventilation on 
Isolation PICU

Demographics Characteristics Type of Mechanical 
Ventilation

Length of 
Ventilation

Delta 
P max

PEEP 
max Outcome

Case Age Gender Body Weight (Kg)

1 43 days Male 3.5 Invasive 7 days 14 9 Not survive

2 13 months Female 5.5 Invasive 21 days 12 9 Survive

3 16 years Male 71.0 Invasive 2 days 12 7 Not survive

4 9 years Male 18.0 Invasive 15 days 10 8 Survive

5 41 days Male 4.1 Invasive 6 days 11 7 Survive

6 13 years Female 29.0 Non- Invasive 15 days 12 7 Survive
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in Spain, and 0.62% in France.18 The 
problem of determining the diagnosis 
still frequently occurs, as the clinical 
manifestation and laboratory examination 
are not specific and their parents don’t 
have a good initiative to check the 
COVID-19 in symptomatic children, 
causing COVID-19 number in children 
not well-described.19

Most children with COVID-19 develop 
mild to moderate symptoms, and fever is 
the most frequently found (56%). Other 
symptoms which often occur are dry cough 
(54%) and dyspnea (33%). Joint pain (23%) 
and headache (28%) are less frequent but 
sometimes also developed. In neonates 
or infants with COVID-19, frequent 
symptoms are fever and lethargy.20 These 
characteristics are similar to our study, 
with the most frequent symptom on 
hospital admission is fever. However, we 
found more dyspnea symptoms than a 
cough, different from the previous study. 
The respiratory problem of many children 
with COVID-19 we treated might describe 
the relatively higher amount of dyspnea 
symptoms. About 50% (6 from 12) of 
children with COVID-19 treated in PICU 
have a respiratory problem and use the 
ventilator.

Compared to adults, COVID-19 in 
children less frequently causing severe 
clinical manifestation and critical 
conditions. SARS-CoV-2 enters the host 
cell by attaching viral spike (S) protein with 
angiotensin-converting enzyme 2 (ACE2) 
receptor and the priming of S protein by 
a host protease, such as TMPRSS2.20,21 

This attachment inhibits the enzyme 
physiologic activity, internalization, 
and disrupts the angiotensin balance, 
reducing the protection of the ACE2-
expressing organ, such as the lungs. Accor 
coding from lungs snRNA-seq data of 
all age groups, there is an increase of 
ACE2 and TMPRS2-expressing alveoli 
epithelial proportion in adults than in 
children. This description suggests less 
infection and replication of SARS-CoV-2 
in pediatric lungs. Another hypothesis of 
COVID-19 milder symptoms in children 
is that microbiologically, the SARS-CoV-2 
infection occurred simultaneously with 
other virus infections. Inhibition of virus 
replication happens by a competitive 
mechanism. Normal flora on the airway 

tract is also suspected to reduce the 
colonization and replication of SARS-
CoV-2. Less mobility of the children with 
school closure also reduces the exposure 
to the children.20,21

Although most clinical symptoms in 
pediatric COVID-19 are mild to moderate, 
2% of them experienced severe clinical 
manifestations requiring critical care. 
Previous studies reported 8% of children 
with COVID-19 were treated in PICU and 
4% requires mechanical ventilation.7-9 In 
our study, the proportion is even higher, 
with 12 from 51 children with COVID-19 
treated in PICU (23.5%) and 6 children 
(11.76%) requires mechanical ventilation. 
A previous study from Dewi R et al., 
showed a similar result, with 7 from 50 
children (14%) with COVID-19 was in 
critical condition and treated in PICU.22 A 
better proportion reported by Katayama 
et al. with only 1 from 150 patients (0.7%) 
requires mechanical ventilation.23 These 
differences might be explained by the 
different health statuses of the children 
before the pandemic starts.

PEMVECC and ESPNIC recommend 
using CPAP or Bi-level NIV as a first oxygen 
therapy choice in COVID-19 children 
with ARDS and SpO2/FiO2 between 221 
and 264. CPAP and Bi-level NIV are more 
recommended than HFNC, but HFNC 
can be considered where the CPAP/NIV 
is unavailable and SpO2/FiO2 is above 264. 
Invasive mechanical ventilation guided by 
lung-protective ventilation approach with 
PEEP starts from 10 cmH2O and can be 
increased gradually if needed.10 The recent 
recommendation in 2021 from ESPNIC 
mentions the new PEEP recommendation 
is on 8-10 cmH2O and might be increased 
based on PEEP/FiO2.

24 In our study, 
5 children using invasive mechanical 
ventilation, and 1 child using non-invasive 
one. We set the PEEP on 7-9 cmH2O for 
all of the invasive mechanical ventilation 
according to the recent guideline.

Carvalho WB et al. suggested the 
PEEP setting is determined by lung 
elastance and compliance.13 Lower 
PEEP applicated for low lung elastance 
and high lung compliance patients.13 
Other studies from Prata-Barbosa A et 
al. showed a median of maximum PEEP 
in children with COVID-19 is 9cmH2O 
in non-MISC patients and 12 cmH2O in 

MISC patients.25 These two studied were 
well-correlated since lower lung elastance 
and higher lung compliance founded 
in non-MISC patients, and the PEEP 
setting was determined similarly. Fisler 
G et al., also reported the highest PEEP 
setting of 12 cmH2O in children with 
COVID-19.26 Another study in Argentina 
also recommends the PEEP setting based 
on lung injury type. High phenotype and 
low compliance patients received PEEP 
of 10-14 cmH2O with tidal volume <6 
mL/KgBW, while low phenotype and 
high compliance patients received PEEP 
8-10 cmH2O with tidal volume 6-9 mL/
KgBW.27 In the USA, the recommendation 
of oxygen therapy using step-up therapy, 
with HFNC usage if LFNC failed, followed 
by NIPPV or BiPAP and intubation 
with invasive mechanical ventilation if 
needed.14 In this study, only 1 patient with 
COVID-19 received NIV.

Our study’s ventilator usage length is 
2-21 days and 2 children with COVID-19 
who received ventilators passed away. 
The previous study reported length of 
ventilator use in children with critical 
COVID-19 was 8 days in non-MISC 
patients and 5 days in MISC patients. 
Mortality rates of pediatric COVID-19 
who receive mechanical ventilation are 
3% in non-MISC patients and 0% in MISC 
patients.25 In our study, all ventilator-
receiving patients had comorbidity and 
several organ system injuries, worsening 
the outcome. 

This study has a limitation, considering 
the relatively low number of pediatric 
COVID-19 with mechanical ventilation 
cases and the study only done in a single 
hospital. However, we believe this study 
contributes to understanding COVID-19 
in children with critical conditions, 
especially with mechanical ventilation 
application. We conclude despite several 
centers already recommend respiratory 
support strategies in children with 
COVID-19, the mechanical ventilation 
setting must be determined individually 
based on each patient’s condition.
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