
INTRODUCTION

Around 30% (20% - 64%) patients in pediatric intensive care units 
(PICU) were using mechanical ventilation for an average of 5 to 6 
days1). The indications of mechanical ventilation (MV) requirement are 
very broad, including primary respiratory system disorders to other indi-
cations which are not related to the respiratory tract. The decision about 
MV usage is based on the combination of clinical considerations, such 
as physical condition and other supporting data that shows the inability 
of respiratory system to fulfil the expected gas exchange function2). 
Patients with cardiovascular dysfunction may need MV to minimize the 
work of respiratory system, however, if given excessively may cause 
lactic acidosis and increase oxygen consumption while oxygen delivery 
may be limited. Patients with neurologic injuries may need MV for air-
way protection as well as hyperventilation to increase intercranial pres-
sure. Hence the overall objectives of mechanical ventilation are to opti-
mize gas exchange, breathing, and providing comfort for patients while 
minimizing ventilator-induced lung injuries3).        

Prolonged use of mechanical ventilation is associated with the 
increase in postoperative mortality and morbidity4). The negative effects 
on late or too early extubation such as increased morbidity, mortality 
and hospitalization cost lead to the need of predictive factors for extuba-
tion outcome and the duration of mechanical ventilation1,4). The use of a 
ventilator is associated with various complications that can prolong its 
use, in which one of the most common complications is ventilator asso-
ciated lung injury (VILI)5).

One way to reduce the risk of lung damages due to mechanical ven-
tilation is by reducing the length of time the mechanical ventilator is 
used. There are many strategies used for that purpose in central inten-

sive care units, the methods being tested are sedation protocol and ven-
tilator weaning using spontaneous breathing6,7). However, the ability of 
weaning indicators (breath frequency, tidal volume, maximum inspirato-
ry pressure, and breath frequency  tidal volume ratio) to asses children 
having successful extubation or requiring reintubation is limited8).

Oxygenation index (OI) is a measure of oxygen exchange efficiency 
in the lungs, in which it is considered to represent more of pulmonary 
dysfunction. The severity degree of pulmonary dysfunction in mechani-
cal ventilated patients can also be observed by dividing arterial oxygen 
tension (PaO2) by the fraction of inspired oxygen (FiO2). However, this 
measurement does not calculate mean airway pressure (MAP), therefore 
OI is considered more representative of a more specific pulmonary dys-
function8,9).

This research was conducted to assess the correlation between oxy-
genation index value and the duration of mechanical ventilation 
required to become the prognosis for MV requirement. Moreover, this 
research considered how OI value can become a mortality predictor for 
children treated in PICU. 

METHODS

This was an analytical prospective observational study to assess the 
correlation between oxygenation index value and the duration of 
mechanical ventilation to the mortality in children. The study was done 
in pediactric intensive care unit Haji Adam Malik Hospital Medan for 6 
months, from February to August 2020. Research samples were patients 
who were hospitalized and met the inclusion and exclusion criteria. 
They were selected by consecutive sampling method. Inclusion criteria 
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were pediatric patients admitted to pediatric intensive care unit (PICU) 
Haji Adam Malik Hospital with more than 24 hours use of mechanical 
ventilation, intubation and extubation processes occurred during the 
study, and received consent from the parents. Exclusion criteria were 
patients with mechanical ventilation before the admission to PICU, and 
patients with cyanotic heart disease. Parents of research subjects were 
given explanations about the disease condition and examinations to be 
carried out before obtaining their permission to have the patients be 
involved in the study. This study was approved by Health Research 
Ethical Committee, Medical Faculty of Sumatera Utara (No. 41/KEP/
USU/2020). 

Parents and guardians were being interviewed for natural history of 
the disease. Data recording was done for basic data, weight, height, 
medical history and diagnosis. Then, subjects went through physical and 
supporting examinations. In the research, there was a recording of the 
duration of the use of ventilator, PEEP, PIP, PaO2, and FiO2 during 
treatment, calculation of oxygenation index value at 24 hours and 72 
hours after mechanical ventilation. Then the condition of the patients 
was followed up until they move to non-intensive care unit or died. 

Data Analysis
Data analysis was done by using a computerized software system, 

Statistical Package for Social Sciences for Windows (SPSS) version 
20.0. Univariate analysis was done to describe the characteristics of 
research subjects with mechanical ventilation. Bivariate analysis was 
done to observe the relationship between oxygenation index and mortal-
ity, and the duration of mechanical ventilation to mortality by using 
independent t-test (normal distribution) 

The correlation of oxygenation index value and ventilation at 24 
and 72 hours treatment was analyzed by using Person (normal distribu-
tion) correlation tests with p < 0.05 and 95% confidence interval. 
Diagnostic test was done to measure OI sensitivity and specificity as 
mortality predictor in children with sepsis. From the data, OI cut-off 
value was obtained, ROC and AUC values were determined, and fol-
lowed by the calculation of sensitivity and specificity. 

RESULTS

Subject Characteristic
There were 42 patients hospitalized in PICU Haji Adam Malik 

Hospital Medan who met the inclusion and exclusion criteria within 
February --- August 2020. From the total subjects, 26 (61.9%) of them 
were male and 16 (38.1%) subjects were female. Most of the research 
subjects were below 1 year old (n = 14, 33.3%). Nutritional status 
assessment was done by using WHO curve for children below 5 years 
old and CDC curve for children above 5 years old. Most of them were 
in poor nutritional status (n = 18, 42.9%). The most found indication for 
the use of mechanical ventilation was due to respiratory system disor-
ders (40.5%), followed by central nervous system disorders and postop-
erative care (16.7%). In this research, 25 subjects (59.5%) died and 17 
subjects (40.5%) were moved to non-intensive care unit. The average 
use of mechanical ventilation in PICU was at 6.4 days with a standard 
deviation of 4.9 days. The longest ventilator use was less than 7 days in 
26 subjects (61.9%), in which the most recorded complication was ven-
tilator-associated pneumonia (n = 9, 21.4%). All characteristic and 
mechanical ventilation parameter data from the research subject is pre-
sented in Table 1. 

Oxygenation index (OI) and Duration of Mechanical 
Ventilation to Mortality 

There was a significant difference found in oxygenation index value 
at the first 24 and 72 hours between patients who died and survived (p < 
0.05). Similarly, a significant difference was also observed between the 
duration of mechanical ventilation and mortality in independent statisti-
cal t-test (p = 0.05). The data is showed in Table 2. 

Correlation between Oxygenation Index Value and Duration 
of Mechanical Ventilation

Table 3 shows the correlation between oxygenation index value, 
either for the first 24 hours and 72 hours, and the duration of mechani-
cal ventilation. Oxygenation index value showed weak positive correla-
tions to mechanical ventilation (p < 0.05) at the first 24 hours and 72 
hours (r = 0.30 and r = 0.36 respectively). 

Table 1: Subject characteristic data and mechanical ventilation 
parameter 

Indicator n = 42

Subject characteristic data 
Gender (n, %)
 - Male 26 (61.9)
 - Female 16 (38.1)
Age (n, %) 
 - Below 1 year old 14 (33.3)
 - 1 - 5 years old 12 (28.6)
 - 6 - 10 years old 7 (16.7)

 - 11 - 18 years old 9 (21.4)
Weight (kg), median (min-max) 12 (3-58)
Height (cm),median (min-max) 92 (50-164)
Nutritional status (n, %)
 - Malnutrition 18 (42.9)
 - Poor nutrition 5 (11.9)
 - Good nutrition 15 (35.7)
 - Overweight 4 (9.5)
Indication of mechanical ventilation (n, %)
 - Respiratory system disorder 17 (40.5)
 - Cardiovascular system disorder 5 (11.9)
 - Central nervous system disease 7 (16.7)
 - Circulatory system disease 1 (2.4)
 - Urogenital system disorder 5 (11.9)
 - Post-operative treatment 7 (16.7)
Outcome (n,%)
 - Change of room 17 (40.5)
 - Death 25 (59.5)
 
Mechanical ventilation parameter 
Duration of mechanical ventilation, average ± SD 6.4 ± 4.6
 - Less than 7 days (n, %) 26 (61.9)
 - More than 7 days (n, %) 16 (38.1)
Oxygenation index 
 - 24 hours, average ± SD 3.2 ± 1.2
 - 72 hours average ± SD 4.3 ± 1.4
Complication
 - Ventilator associated pneumonia (n, %) 9 (21.4)
 - Atelectasis (n, %) 2 (4.8)

Table 2: The difference between OI and duration of MV with 
respect to mortality

Parameter Death Lived P value

Oxygenation index (OI)  3.6 ± 1.2 2.5 ± 0.7 < 0,05*
24 hours,  average ± SD

Oxygenation index (OI)  4.8 ± 1.4 3.5 ± 1.0 < 0,05*
72 hours, average ± SD

Duration of mechanical  7.6 ± 5.3 4.6 ± 2.5 < 0,05*
ventilation, average ± SD

*Independent T-test
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Oxygenation Index Value as Mortality Predictor in Children 
with Mechanical Ventilation

Oxygenation index value at the first 24 and 72 hours can become 
the predictor for mortality in children with mechanical ventilation (AUC 
76.7%; p 0.004 and AUC 73.2%; p 0.012 respectively). The cut-off 
value of OI 24 hours to predict the mortality in children with MV was at 
2.7 (sensitivity 76% and specificity 64.7%). Meanwhile, at 72 hours, the 
cut-off value obtained was 3.7 (sensitivity 72% and specificity 70.6%). 

Table 4 showed the death of 19 patients among 26 patients (61.9%) 
with OI value ≥ 2.7 at 24 hours, while at < 2.7 cut-off point, 10 patients 
lived from 16 patients (38.1%). The probability of mortality in sepsis 
patients with OI value at 24 hours was presented by relative risk (RR) 
value of 4.5 (95% CI 1.2 --- 17.1). This means that the patients with OI  
≥ 2.7 cut-off were 4.5 times more likely to die than OI value < 2.7 at 24 
hours of treatment. Whereas at OI ≥ 3.7 at 72 hours, there were 18 
patients among 23 patients (54.7%) who died, while at < 3.7 cut-off 
points, 12 patients from 19 patients (45.2%) lived. The probability of 
mortality in sepsis patients with OI 72 hours was presented by RR value 
of 6.1 (95% CI 1.5 --- 24). This means that, patients with OI value ≥ 3.7 
were 6.1 times more likely to not survive than patients with OI value < 
3.7 at 72 hours of treatment. 

DISCUSSION

In this study, the most found indication for mechanical ventilation 
was due to respiration system disorder (40.5%). This was aligned with 
existing research journals which stated that respiratory failures in chil-
dren were one of the most common causes of the initiation of mechani-
cal ventilation. The study done by Samaddar et al., (2018) in PICU 
showed the highest indication of MV was sepsis (49.2%) and followed 
by respiratory system (24.6%)10). Another study conducted by Vidal et 
al., (2016) showed respiratory system disorder (28.8%) and cardiovas-
cular system (27.6%) were recorded as the most recorded indications of 
mechanical ventilation11).

The average duration of mechanical ventilation in this study was 6.4 

days where 38.1% research subjects needed prolonged mechanical ven-
tilation, and mortality rate was at 59.5%. In the study done by Mukhtar 
et al., (2014), mortality rate of children with mechanical ventilation was 
at 30.5% where prolonged MV was a significant mortality predictor (p < 
0.05)12). There were variations in mortality rate in other studies, such as 
Shaukat et al., (2000) and Kendirli et al., (2006) reported pretty high 
mortality rates at 37% and 41.7% in Pakistan and Tukey respectively. 
Whereas, Vijayakumary et al., (2012) reported 27.6% death rate among 
patients with mechanical ventilation13-15). There was a significant differ-
ence between the duration of mechanical ventilation and mortality cases 
in this study (p < 0.05). The use of MV was observed to be followed by 
higher death rates than past studies. Prolonged use of MV was also 
related to the increase in mortality and morbidity. 

Malnutrition was often found in children treated in PICU at devel-
oping countries. The number of malnutrition cases where 42.9% sub-
jects were malnourished and 11.9% were under poor nutritional status. 
The study by Moreno et al., (2016) reported 8% - 50% malnutrition 
cases were found in intensive care units16). Irving et al., (2018) obtained 
secondary analysis from 417 pediatric patients below 18 years old with 
severe sepsis in PICU and found 30% of the children were malnour-
ished17). Children with chronic diseases, malnutrition was associated 
with poor short-term outcomes, such as death and the length of hospital 
stay. Other causes of malnutrition in this study may be multifactorial, 
include the effects of metabolic stress response, and due to the presence 
of pre-existing chronic disease18).

The use of oxygenation value was often associated with the length 
of mechanical ventilation and extubation failure. The research done by 
Khan et al., (2000) showed OI value > 4.5 had high reintubation risk 
and 24.1% subjects had to prolong the use of MV19). Rocha et al., (2018) 
also found a significant difference in OI values measured on the second 
to sixth day, in which prolonged MV cases were higher with average of 
OI > 7 (p < 0.05)8). Barros et al., (2011) did a further research to assess 
the relationship between OI and duration of mechanical ventilation. 
They found positive correlations between OI and mechanical ventilation 
on the third (r = 0.52) and fifth (r = 0.65) day20). Significant relationships 
with positive correlations were also found in this study between OI and 
duration of mechanical ventilation at 24 hours (r = 0.30) and 72 hours (r 
= 0.35).

There has been a lot of study about oxygenation index in the use of 
mechanical ventilation, however, the results for the mortality risks were 
varied. This study showed meaningful differences in OI 24 and 72 hours 
to died patients (p < 0.05), where cut-off value of 3.7 at 72 hours had 
higher mortality risk than OI at 24 hours cut-off 2.7 (RR 6.1 and 4.5 
respectively). Similarly, the study done by Silva et al., (2009) in 86 chil-
dren with mechanical ventilation showed OI > 10 as a mortality predic-
tor21). Ghuman et al., (2012) found a significant difference between OI 
value and mortality in 95 patients with mechanical ventilation22).

CONCLUSION

There were positive correlations between OI and mechanical venti-
lation at the first 24 and 72 hours. Significant differences were observed 
in OI 24 and 72 hours, mechanical ventilation and mortality in which 
higher OI value led to higher risk of mortality
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