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INTRODUCTION 
Acute distress syndrome (ARDS) continue to be significant causes of 

1 morbidity and mortality for patients admitted to the PICU. A US study 
reported that the incidence of pediatric ALI was 12.8 cases per 100,000 
person-years, with a hospital mortality rate of 18%. The population 
incidence rates was lower than that of adult acute lung injury, with 78.9 

2 cases per 100,000 person-years and mortality rates up to 38.5%. The 
ALI and ARDS are disorders of pulmonary inflammation, 

3 characterized by hypoxemia and respiratory failure. They have been 
defined as acute hypoxic respiratory failure resulting from pulmonary 

4 or extra-pulmonary causes, except cardiogenic factors. ARDS has 
more severe clinical findings than ALI. All patients with ARDS have 

5 ALI, but not all patients with ALI have ARDS. A prospective study in 
Beijing reported that the survival rate was higher in patients with 
pulmonary disease origin (69.2%) than in the those with 

4 extrapulmonary disease origin (33.3%). In 1994, the American-
European Consensus Conference (AECC) defined ALI/ARDS by the 
criterion of PaO /FIO (P/F) ratio, with ARDS, being the more severe 2 2 

5 form of ALI. However, obtaining the P/F ratio requires arterial blood 
6 gas sampling. In order to reduce invasive procedures in critically ill 

children, a non-invasive alternative marker for P/F ratio is needed. 
Routine use of pulse oximetry in most PICUs can minimize the use of 

6 blood gas analysis. Generally, PaO changes have correlated to pulse 2 
7 oximetric saturation (SpO ) changes, in defining hypoxemic grade. A 2

prospective study in children in Los Angeles demonstrated that the 
SpO /FiO (S/F) ratio had a strong correlatation to the P/F ratio, and 2 2 

8could be used to identify ALI and ARDS. The aim of our study was to  
investigate for a correlation between S/F ratio and P/F ratio, with the 
goal of identifying an alternative non-invasive marker of ALI.

METHODS 
This cross-sectional study was conducted in the PICU RAMA 
MEDICAL COLLEGE AND HOSPITAL HAPUR GHAZIABAD. 
Subjects were children aged 1 month to 18 years using ventilators. 
Subjects were collected by consecutive sampling. Specimens for blood 
gas analysis were taken when the patient's pulse oximetry showed a 
saturation of 80-97%, within 24 hours of ventilator use. Measurements 
were excluded if the SpO values were not between 80% and 97%, or if 2 

the patient had a diagnosis of congenital heart disease (CHD), 
arrhythmia, dysrhythmia, shock, or hypothermia. SpO values higher 2 

than 97% were excluded because the oxyhemoglobin dissociation 

curve showed no changes at >97%. This study was approved by the 
Medical Ethics Committee RMCH, hapur Ghaziabad. Data were 
processed and analyzed with SPSS version 17, Spearman's correlation 
and linear regression tests were used for statistical analyses, with 95% 
confidence intervals.

RESULTS
Of 69 patients who used ventilators during the study period, a total of 
39 patients met the inclusion criteria. Thirty patients were excluded. 
Six patients had CHD and 24 other did not met ALI criterias. Data were 
collected during the first 24 hours of ventilator use. Blood specimens 
were used for blood gas analysis to assess PaO . At the same time, SpO2 2 

data from pulse oximetry and FiO , as 2 seen from the ventilator 
readings, were recorded. The study profile is shown in Figure 1.

Basic characteristics of subjects are shown in Table 1. 

Subjects were predominantly male, had a mean age of 57 months, 
mean weight of 18.37 kg, and mean height of 98.01 cm. Most subjects  
had bronchopneumonia on chest radiograph results and sepsis was the 
most common diagnosis in patients with ALI (Table 1). Subjects' mean  
FiO2 was 60.76. Their mean PaO and SpO were 155.63 mmHg and 2 2 

94.89%, respectively. The mean P/F ratio was 256.41 and mean S/F 
ratio was 159.00 (Table 2). 

Since the data were not normally distributed, Spearman's correlation 
was used to assess for a cor- relation between S/F ratio and P/F ratio 
(r=0.215; P=0.18).

Figure 2 shows no significant correlation (P>0.05) between P/F and 
S/F ratios, although S/F generally increased when P/F increased . The 

2 R value of 0.9% indicates that the S/F ratio contributed to the P/F ratio 
by 0.9%, and the remaining 99.1% was determined by other variables.
Using the constant values of (a) 129.67 and (b) 0.11, we determined the 
regression linear equation to be: S/F ratio = 129.67 + 0.11 (P/F ratio). 
The S/F ratio increased by 0.11 for every 1 point increase in P/F ratio. 
The S/F ratios of 162.27 and 151.67 correlated with the P/F ratios of 
300 and 200, respectively (Table 4).

DISCUSSION 
In the 39 children who met criteria for ALI, the most common 
underlying diseases were sepsis (53.84%) pneumonia (25.64%). 

Acute respiratory distress syndrome is the clinical manifestation of severe acute lung injury, which is characterized by 
acute onset of diffuse, bilateral pulmonary infiltrates secondary to noncardiogenic pulmonary edema, refractory hypoxia 

and decreased lung compliance. One of the diagnostic criteria for acute lung injury (ALI) is the PaO /FiO (P/F) ratio measured by blood gas 2 2 

analysis, which involves an invasive procedure (arterial blood draw). In order to reduce invasive procedures on critically ill patients, an 
alternative non-invasive marker SpO /FiO (S/F) ratio for ALI is needed which requires pulse oximetry.2 2 

OBJECTIVE: To evaluate sensitivity and specificity S/F ratio and P/F ratio, in order to find an alternative non-invasive marker of ALI. 
METHODS: We conducted a cross-sectional study at the pediatric intensive care unit (PICU) RAMA MEDICAL COLLEGE AND HOSPITAL 
HAPUR GHAZIABAD from June 2018 to June 2019. Subjects (children aged 1 month– 18 years) underwent blood gas analysis when their pulse 
oximetry showed saturation of 80-97% within 24 hours of ventilator use. We measured PaO , SpO , and FiO and calculated S/F and P/F ratios. 2 2 2 

Data were analyzed by Spearman's correlation and linear regression tests. 
RESULTS: Out of 69 PICU patients, 39 children fulfilled the criteria for ALI. The S/F ratio and P/F ratio had a weak correlation (r=0.2; P=0.18). 
The linear regression equation was S/F ratio = 129.67 +0.11 (P/F), with S/F ratio values of 162.67 and 151.67 correlating to P/F ratio values of 
300 and 200, respectively. 
CONCLUSION: The S/F ratio has a weak correlation with P/F ratio for ALI in children.
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Similarly, a prospective study in Beijing reported that the most 
common causes of ALI were pneumonia (52%), sepsis (36%), multiple 

4trauma (9%), lung contusion (5%), and drowning (2%).  The result of 
this study showed weak correlation between S/F and P/F ratio and was 
not statistically significant (r = 0.2). A study in Los Angeles compared 
S/F ratio and P/F ratio in 383 children who suffered ALI/ARDS. From 
the total of 1,298 blood gas analysis results, the authors reported a 

6 moderate correlation (r=0.47). The same ARDS Network study in 672 
adult patients who suffered ALI/ARDS from the total of 672 blood gas 

8analysis results showed a strong correlation (r=0.8).  Non-invasive 
monitoring with pulse oximetry is routinely used in the emergency 
room and ICU. The measurement of SpO with pulse oximetry may be a2  
tool to predict the PaO value, without using blood gas analysis. 2  
However, race, placement of the oximetry sensor, underlying disease,  

8and methemoglobin can diminish the accuracy of the SpO reading.2  
We found the mean values of PaO and SpO to be 155 mmHg and 95%, 2 2  
respectively. Although the PaO  value was above 100 mmHg, the SpO2 2 

value remained in the range of 88-98%. The value of PaO can increase 2 

above 100 mmHg, while SpO is limited to 100%. Since many subjects 2 

had PaO values above 100 mmHg, the oxyhemoglobin dissociation 2 

curve might not be applicable to our study. The relationship between 
PaO and SpO in the oxyhemoglobin dissociation curve depicted with 2 2 

two lines. The first line describes the relationship between SpO and 2  
PaO , with the PaO value in the range of 0 – 60 mmHg. Minor changes 2 2 

in PaO will lead to major changes in SpO . The other line describes the 2 2

relationship between SpO and PaO , with the value of PaO above 60 2 2 2 

mmHg, forming an almost straight line. As such, major changes in 
7PaO will lead to minor changes in SpO . A prospective, multicenter 2 2  

study in the United States compared SpO and PaO in 137 ALI patients 2 2  
with 1,116 blood gas analysis results. The mean PaO and SpO values 2 2 

were 70 mmHg and 95%, respec- tively. These values indicated a 
9 strong correlation between S/F ratio and P/F ratio. Another study in 

California showed the mean PaO and SpO values of 69 mmHg and 2 2 
6 94%, respectively. These two stud- ies showed good results and in 

accordance with the principle of oxyhemoglobin dissociation curve. 
The projected equation from this study was S/F ratio = 129.67 + 0.11 (P 
/ F ratio). Using this formula, the S/F ratio is expected to increase by 
0.11 for every 1 point increase in P/F ratio. The S/F ratio of 162.67 and 
151.67 correlated with P/F ratio of 300 and 200, respectively. Another 
study compared S/F ratio with P/F ratio to predict ALI/ARDS in 
children. Rice et al. reported the equation S/F = 76 + 0.62 (P/F), where 
S/F ratio values of 263 and 201 correlated with P/F ratio values of 300 

8and 200, respectively. In Berlin (2012), improved criteria for ARDS  
was announced as “The Berlin Definition” according to the studies and 
data in adults. The validity of the definition for use in children was 

10,11 considered quite good, especially for the severe category of ARDS.
The ALI criteria in this study were based on “The Berlin Definition,” 
including mild ARDS criteria. Further study on the relationship of S/F 
and P/F ratios for severe ARDS in children based on “The Berlin 
Definition” is needed. A 2014 retrospective study on the relationship 
between ARDS according to Berlin criteria and mortality risk in 
children for 4 years concluded that using S/F ratio calculation to 
predict mortality resulted in a 2-fold higher mortality risk than using 

12P/F ratio.

 The limitation of this study was that most PaO values were above 100 2 

mmHg. The PaO values could exceed 100 mmHg, while SpO values 2 2 

were limited to 100%. Hence, a comparison of these values would not 
yield a meaningful result. The mean PaO value in this study was 100 2 

mmHg, and only 3 subjects had PaO values below 100 mmHg. 2 

According to the oxyhemoglobin curve, PaO values >100 mm Hg 2 

cannot be used to determine a corresponding SpO value. In 2 

conclusion, S/F ratio has a weak correlation with P/F ratio for ALI in 
children ®= 0.2).

Conflict of interest
None declared.

REFERENCES
1. Erickson S, Schibler A, Numa A, Nuthall G, Yung M, Pascoe G, et al. Acute lung injury 

in pediatric intensive care.in Australia and New Zealand: a prospective, multicenter, 
observational study. Pediatr Crit Care Med. 2007;8:317-23.

2. Zimmerman JJ, Akhtar SR, Caldwell E, Rubenfeld GD. Incidence and outcomes of 
pediatric acute lung injury. Pediatrics. 2009;124:87-95.

3. Saharan S, Lodha R, Kabra SK. Management of acute lung injury/ARDS. Indian J 
Pediatr. 2010;77:1296-302.

4. Li Y, Wang Q, Chen H, Gao HM, Zhou T, Qian SY. Epidemiological features and risk 
factor analysis of children with acute lung injury. World J Pediatr. 2012;8:43-6.

5. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, et al. The American-
European Consensus Conference on ARDS. Definitions, mechanisms, relevant 
outcomes, and clinical trial coordination. Am J Respir Crit Care Med. 1994;149:818-24.

6. Khemani RG, Patel NR, Bart RD, Newth CJ. Comparison of the pulse oximetric 
saturation/fraction of inspired oxygen ratio and the PaO2/fraction of inspired oxygen 
ratio in children. Chest. 2009;135:662-8.

7. Malley WJ, editor. Oxygen transport and internal respiration. In: Clinical blood gases 
assessment and intervention. Philadelphia: Elsevier (USA); 2005. p. 170-3.

8. Rice TW, Wheeler AP, Bernard GR, Hayden DL, Schoenfeld DA, Ware LB, et al. 
Comparison of the SpO2/FiO2 ratio and the PaO2/FiO2 ratio in patients with acute lung 
injury or ARDS. Chest. 2007;132:410-7.

9. Khemani RG, Thomas N, Venkatachalam V, Scimeme JP, Berutti T, Schneider JB, et al. 
Comparison of SpO2 to PaO2 based markers of lung disease severity for children with 
acute lung injury. Crit Care Med. 2012;40:1309-16.

10. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson 
ND, Caldwell E, et al. Acute respiratory distress syndrome: the Berlin Definition. 
JAMA. 2012;307:2526-33.

11. De Luca D, Piastra M, Chidini G, Tissieres P, Calderini E, Essouri S, et al. The use of the 
Berlin definition for acute respiratory distress syndrome during infancy and early 
childhood: multicenter evaluation and expert consensus. Intensive Care Med. 
2013;39:2083-91.

12. Khemani GR, Rubin S, Belani S, Leung D, Erickson S, Smith LS, et al. Pulse oximetry 
vs. PaO2 metrics in mechanically ventilated children: Berlin definition of ARDS and 
mortality risk. Intensive Care Med. 2015;41:94. 

 

 
 

Volume-9 | Issue-9 | September - 2019 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

 INDIAN JOURNAL OF APPLIED RESEARCH 67


