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Abstract
The treatment of respiratory distress in neonates ranges from non-invasive continuous positive airway pressure (CPAP) to
advanced invasive mechanical ventilation. Monitoring on CPAP is often done by calculating oxygenation after blood gas
analysis which is an invasive procedure. Saturation oxygen pressure index (SOPI) is a simple, non-invasive, bedside tool to
monitor the severity of respiratory illness in neonates on CPAP. This study was aimed at validation of SOP index against AaDO2
and determine the cut-off values of SOPI for A-aDO2 of 70, 85 and100. This was a prospective observational study on 126
neonates with respiratory distress and treated with CPAP. The correlation between SOPI and A-aDO2 was validated using
Bootstrap method. There was a significant positive correlation between SOPI and A-aDO2 with the Spearman correlation
coefficient (rho) being 0.815 (p = 0). The mean coefficient of correlation after Bootstrap was 0.827 (p value < 0.0001). SOPI
values of 1.52, 1.57 and 1.6 predicted A-aDO2 value of 70, 85 and 100 with a sensitivity of above 80% and specificity above
90%, respectively.

Conclusion: SOPI has a significant positive correlation of 82.7% against A-aDO2 and can be a valuable tool to assess
respiratory distress in neonates without arterial blood gas.
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Abbreviations
N-CPAP Nasal continuous positive airway pressure
OI Oxygenation index
SOPI Saturation oxygen pressure index
AaDO2 Alveolar arterial oxygen difference
CDP Continuous distending pressure
FiO2 Fraction of inspired oxygen
NICU Neonatal intensive care unit
SpO2 Arterial oxygen saturation
H2O Water
PEEP Positive end-expiratory pressure
ROC Receiver operative characteristics
IQR Interquartile range
SD Standard deviation

What is Known:
• Saturation oxygen pressure index (SOPI) is a non-invasive monitoring tool for neonates on N-CPAP.
• SOPI has a good correlation with AaDO2.

What is New:
• Correlation of SOPI with AaDO2 is now validated.
• Values between 1.52 and 1.88 indicate clinically useful range of AaDO2 for escalation of respiratory support from CPAP.
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Introduction

Majority of the neonates with respiratory distress suffer from
restrictive lung pathology which is managed by alveolar re-
cruitment and preventing atelectasis. This is achieved by pro-
viding continuous distending pressure (CDP) to the airway via
nasal continuous positive airway pressure (N-CPAP) [1]. As
the underlying pathology is dynamic, the clinician has to mon-
itor these neonates closely and adjust the pressures or oxygen
(FiO2) provided to these babies. Important bedside monitor-
ing parameters are the severity of respiratory distress on clin-
ical examination, which is subjective and SpO2 [2]. Invasive
blood gas analysis and estimation of alveolar-arterial oxygen
difference (A-aDO2) are done on an intermittent basis to as-
sess the progress of the disease and make necessary clinical
decisions [3].

Many of the practices in the neonatal intensive care are unit
specific and hence lack uniformity across the globe [2, 4]. One
such practice is initial respiratory support [5, 6]. Escalation
and de-escalation of the N-CPAP support to the babies with
changing severity of the disease in terms of the sequence of
altering the FiO2 and pressure vary among the units and indi-
viduals. This highlights the need for having an objective and
non-invasive near-continuous assessment tool which can help
in making an appropriate clinical decision. One such promis-
ing tool is the saturation oxygen pressure index (SOPI).

This incorporates the measure of respiratory support given
to the neonate in terms of both FiO2 and distending pressure
along with the measure of response to the support as SpO2,
which is expressed as a number without unit. Initial develop-
ment of this tool as a concept [7] and its subsequent clinical
study [8] for utility in neonates on CPAP has shown a high
correlation with arterial alveolar oxygen difference (AaDO2).

Apart from serving as a useful bedside tool, SOPI also
brings about uniformity in the expression of the severity of
illness and hence useful in research as well. It also reduces the
need for invasive blood gas measurement and its implication
on workload and financial burden. We validated the correla-
tion of SOPI against AaDO2.

Objectives

Primary objective

To Validate the correlation of SOPI against A-aDO2.

Secondary objective

To determine the cut-off value of SOPI which represents A-
aDo2 values of 70, 85 and 100.

Methods

Study design

This was a prospective observational analytical study con-
ducted over a period of 12 months in a tertiary neonatal unit.

Subjects

All neonates admitted to NICU and requiring N-CPAP sup-
port were recruited. Neonates who progressed quickly within
half an hour for mechanical ventilation were excluded.

Sample size

SOPI value of 1.6 has 80% sensitivity for representing
AaDO2 of 70 [8]. Considering this value and assuming abso-
lute precision of 10% and 95% confidence limits, we needed
to recruit 61 subjects. Validation studies need two sets of
samples, one for training and one for testing. We planned to
have an equal number in both the sets, and hence, this number
was doubled to 122.

Study

Neonates admitted in NICU with respiratory distress were
managed according to the unit protocol. Babies who were
included in the study were put on N-CPAP with either bubble
CPAP (Fischer & Paykel MR850AEU New Zealand) or ven-
tilator CPAP (Macquet Servo i Sweden). Initial pressures were
set to 5 cm of H2O and FiO2 at 30%. We do not use a chin
strap or any other methods to actively close the mouth of the
baby. Continuous SpO2 monitoring was done using pulse
oximetry (Philips Sure Sign VM4, China) with the probe
placed on the right hand of the baby. Based on the clinical
condition and SpO2, FiO2 was adjusted with increments of
5% and CPAP pressures with increments of 1 cm of H2O.
Target SpO2 for preterm babies was between 90 and 94%.
Maximum tolerated FiO2 was 40% and CPAP pressure of
7 cm of H2O, before proceeding to intubation and mechanical
ventilation. Blood gas analysis was done with right radial
arterial puncture within 30 min of N-CPAP initiation as per
our unit protocol. If we failed to sample the right radial artery,
the left radial artery was punctured to collect blood. If the baby
received a FiO2 of > 21% and the SpO2 was above 98%,
sampling was delayed until FiO2 was decreased to 21% or
SpO2 was consistently less than 98%. Further blood gases
were done as per the clinical indication. FiO2, CPAP pressure,
and SpO2 were noted prior to obtaining blood gas. SpO2 was
recorded when the baby was calm, and good pleth waves were
seen on the pulse oxymeter. Airway suctioning was avoided at
least 10 min before obtaining the SpO2 values and blood gas
sample. A single SOPI and its associated AaDO2 value per
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subject were used for this study. Demographic and other re-
quired details were recorded.

SOPI is calculated using the formula SOPI = (CPAP pres-
sure or PEEP × FiO2)/SpO2.

FiO2 and SpO2 are expressed in decimals. PEEP is posi-
tive end-expiratory pressure set on a ventilator when N-CPAP
was delivered by the ventilator.

Statistical analysis

Statistical analysis was done using Microsoft Excel (Office
365). Qualitative variables are summarized as proportions.
Quantitative data is summarized as mean and standard devia-
tion or median and interquartile range depending on the dis-
tribution. The correlation between SOPI and A-aDO2 is cal-
culated as the Spearman correlation (rho). Receiver operative
characteristics (ROC) curves were generated using ROC anal-
ysis (web-based calculator for ROC curves available at www.
jrocfit.org).

In one of the studies analysing the factors associated with
extubation failure [9], the mean (standard deviation) AaDO2
value of babies who failed extubation was found to be 51 (17).
This suggested the need for continuing invasive respiratory
suppor t in those babies . With this background,
Krishnegowda et al. [8] studied the predictive ability of
SOPI for mean plus one standard deviation of the above value
(rounded off to 70). We had two more additional cut-offs at 2
and 3 standard deviation added to mean (rounded off). Hence,
we considered analysing the predictive ability of SOPI for
AaDO2 of 70, 85 and 100. The cut-off value of SOPI for A-
aDO2 of 70, 85 and 100 was calculated using the ROC curve.
Validation of the correlation was done using the Bootstrap
method. Bootstrapping was done using real stats pack for
Microsoft Excel.

Results

One hundred and twenty-six babies were recruited. Eleven of
them were not included in the analysis as the lab reported air
contamination of samples sent for blood gas analysis. One
hundred and fifteen babies remained for final analysis.

Eighty per cent of babies were less than 24 h old and 69.6%
were males. The gestational age of the babies ranged from 28
to 42 weeks. Birth weight ranged from 1000 to 4180 g.
Baseline characteristics are depicted in Table 1. The
commonest indication for initiation of N-CPAP was respira-
tory distress syndrome (69.6%) followed by congenital pneu-
monia (9.6%). Transient tachypnoea of newborn was diag-
nosed in 8.7%, and meconium aspiration syndrome in 7%.
Persistent pulmonary hypertension, patent ductus arteriosus,
and apnoea were the indication for N-CPAP in 1.7% of our
babies.

Sixty-six per cent of the babies were successfully treated with
N-CPAP alone. The median and interquartile range (IQR) SOPI
in this group was 1.3 (1.11–1.52). Median (IQR) AaDO2 in this
group was 57.35 (32.8–78.5). Of 33.9% of babies who
progressed to receive mechanical ventilation, the median (IQR)
SOPI and AaDO2 at the time of intubation were 1.88 (1.5–2.25)
and 108.1 (74.88–136.3), respectively.

Among the babies who were successfully treated with N-
CPAP alone, 87% received N-CPAP support for 72 h or less
and rest for a longer duration. Six per cent of the babies needed
N-CPAP support for more than 5 days. The longest duration of
CPAP given was 9 days for one neonate.

There is a positive correlation between (Fig. 1) SOPI and A-
aDO2 with the Spearman correlation coefficient (rho) of 81.5%
(p = 0), and 95% confidence interval is 72.2–93.3%. The

Table 1 Baseline characteristics

Quantitative Parameter Median (IQR)

Gestation 35 (32–37)

Birth weight (preterm) 1650 (1340–2260)

Birth weight (term) 2850 (2670–3230)

Age at admission (hours) 22(3–24)

Duration of CPAP 1 (1–2)

Qualitative parameter N (%)

Gender—males, females 80 (69.6),35 (30.4)

Maturity—preterm, term 79 (68.7), 36 (31.3)

N-CPAP—success, failure 76 (66.1), 39 (33.9)

y = 71.573x - 38.186
R² = 0.6853
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Fig. 1 Correlation between SOPI and AaDO2
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correlation coefficient between SOPI and PF ratio is 57.9% in the
negative direction (Fig. 1). The validation of the correlation be-
tween SOPI and A-aDO2was done using the Bootstrap method.
The mean coefficient of correlation is 82.7% with a standard
deviation of 2.4% (p value of < 0.0001) and 95% confidence
interval of 77.3–87.0% (Table 2).

ROC curves are generated for three different cut-off AaDO2
values (Fig. 2). SOPI value of 1.52 had a sensitivity of 80% and
specificity of 92% for AaDO2 of 70. SOPI value of 1.57 had a
sensitivity of 81% and specificity of 90% of AaDO2 of 85, and a
value of 1.6 had a sensitivity of 83% and specificity of 90% for
AaDO2 of 100. In this era of thrust on non-invasive ventilation,
clinicians needmore specific indicators to escalate the respiratory
support to intubation and ventilation. Hence, we calculated SOPI
values which had higher specificity of 95% for AaDO2. SOPI
values of 1.55, 1.82 and 1.88 represented AaDO2 of 70, 85 and
100, respectively.

Ninety-one per cent of our subjects eventually improved
and got discharged. The mortality rate was 9%.

Discussion

Assessment of the severity of respiratory distress has been an
important clinical tool for managing patients of all ages.
Various objective measurements for assessment of the severity
of pulmonary disease and its effect on oxygenation have been in
vogue. Commonly used parameters are PaO2 to FiO2 ratio (PF
ratio), alveolar arteriolar oxygen difference (AaDO2), and oxy-
genation index (OI). PF ratio is well studied in both adults in
older children. It can be used on children even on minimal respi-
ratory support like oxygen supplementation. These parameters
for objective assessment in adults were well defined using PaO2:
FiO2 and SaO2: FiO2 [10]. The same parameters were shown to
be useful in children too [11].

The oxygenation index, on the other hand, gives information
on the oxygenation status of the patients who are on mechanical
ventilation. This parameter is well studied in neonates as well.
This cannot be used if the babies are not onmechanical ventilator
support.

AaDO2 is amuchmore comprehensivemeasurement that can
be used in both neonates and older children as well. AaDO2
measurement needs calculation of both alveolar oxygen and ar-
terial oxygen which is influenced by the presence of carbon
dioxide as well. In other words, AaDO2 comprehensively deter-
mines the result of the interaction between respiratory pathology
and the effect of treatment the patient is receiving.

However, all these parameters need a measurement of ar-
terial blood gas.

SOPI was studied primarily in neonates to assess the sever-
ity of respiratory illness. Our study shows an excellent corre-
lation between SOPI and AaDO2. SOPI had a good correla-
tion with the PF ratio as well. Due to the inherent factors
associated with foetal haemoglobin, PF ratio alone is not as
useful in neonates as in older children.

N-CPAP is one of the highly successful methods of treating
neonates with respiratory distress. However, the success de-
pends on close clinical monitoring and revisiting the manage-
ment strategy frequently as the pathology progress.

A-aDO2 is a measure of the severity of the pulmonary dis-
ease. A-aDO2 is normally < 10 in healthy adults. As neonates
have higher physiological dead space, it can be as high as 25
[10]. AaDO2 estimation requires blood gas measurement [10].

Currently, there is no prescribed cut-off AaDO2 for ad-
vancing the respiratory support from CPAP to mechanical
ventilation in babies with progressive restrictive lung pathol-
ogy. This led us to extrapolate the data provided in a retro-
spective study by Hiremath et al. [9]. In this study, the mean
(SD) pre-extubation AaDO2 in babies who failed extubation
was 51 (17). This suggested the need for continued mechan-
ical ventilation. Rephrasing from the perspective of this study,
this value suggests that CPAP support will be insufficient to
support the respiration in these babies. Hence, AaDO2 value
of 70 (rounded off from 51 + 17 = 68) was considered as in-
dicative of a need for escalation to mechanical ventilation.

Blood gas analysis is invasive, requiring an indwelling ar-
terial catheter or frequent arterial/capillary punctures. A sig-
nificant failure rate of 7.9 to 8.9% in obtaining an adequate
sample is reported [11]. A serious complication of limb ische-
mia associated with repeated arterial punctures ranges from
1.5 to 35% [12, 13]. Further blood gas analysis requires tech-
nical expertise and is expensive. This underlines the need for a
non-invasive bedside tool to overcome these challenges.

Oxygen saturation index [14, 15] is one such non-invasive
tool that is used to objectively assess the severity of respiratory
distress in neonates. However, its utility is limited only to
neonates on mechanical ventilation.

Respiratory severity score is another non-invasive tool
available for neonates on mechanical ventilation [16]. This
score can be obtained by escalating the respiratory support
to achieve a target SpO2 of 93%. This means that the calcu-
lation cannot be done on a real-time basis as one has to ad-
minister treatment to estimate the score. It is non-intuitive as

Table 2 SOPI validation using the Bootstrap method

Before bootstrap

Correlation 0.837 (83.7%)

Standard error 0.053 (5.3%)

95% confidence interval 0.722–0.932 (72.2–93.2%)

After bootstrap

Mean correlation 0.827 (82.7%)

Standard deviation 0.024 (2.4%)

95% confidence interval 0.773–0.870 (77.3–87%)

P value 0.000
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the clinician needs a score to escalate treatment rather than the
other way.

Doreswamy et al. [7] in their endeavour to develop a com-
prehensive non-invasive tool for monitoring babies on N-
CPAP studied 36 neonates who were on mechanical ventila-
tion. They used PEEP and FiO2 in the numerator and the
outcome of treatment SpO2 in the denominator. Their ratio-
nale for attempting to use PEEP on ventilator babies was that
in their unit, PEEP was the most commonly altered parameter
to achieve alveolar recruitment. Recruiting babies on mechan-
ical ventilation and using oxygenation index rather than
AaDO2 was a serious limitation of that study. Nevertheless,
the high correlation of SOPI with the oxygenation index
proved to be a successful proof of concept.

These shortcomings were addressed in the study done by
Krishnegowda et al. [8]. They recruited babies on CPAP and
correlated SOPI with AaDO2. They reported a significant cor-
relation between the two and reported a SOPI value of 1.6 to
represent an AaDO2 of 70.

In the present study, we have incorporated two more
additional aspects. One is to increase the range of AaDO2
to three standard deviations and obtain the SOPI value to
represent the same. This will enable the clinicians to have
a wider range of SOPI values to work with. The second is
to calculate SOPI values with a higher specificity. Due to
improved CPAP devices and understanding of managing
babies on CPAP, there is a higher thrust on non-invasive
management of respiratory distress. Hence, some clini-
cians may choose to have indicators with higher specific-
ity before deciding on an escalation of respiratory support.
SOPI values with higher specificity will increase the con-
fidence to make major therapeutic decisions such as intu-
bation and mechanical ventilation.

SOPI offers a near-continuous non-invasive assessment
tool for babies on N-CPAP. A range of SOPI values between
1.52 and 1.88 represents various AaDO2 values which are of
clinical importance. Each individual unit can monitor SOPI
and determine an optimal threshold SOPI to take appropriate

management decisions. This results in uniformity in assess-
ment and expressing the severity of lung disease.

We did not use a chin strap or any other manoeuvres to
control the leak. Open mouth can result in significant dissipa-
tion of the CPAP pressure. We made sure that the data was
collected when the baby was calm and not agitated. This has
limited the possibility of significant leakage influencing the
results. However, an open mouth in a calm baby could have
still resulted in a loss of CPAP pressure. This could be one of
the minor limitations in this study. Not estimating the effect of
foetal haemoglobin on oxygenation and hence saturation dur-
ing the study is another limitation.

Conclusion

SOPI is an objective validated tool for non-invasive monitor-
ing of neonates on N-CPAP. The correlation coefficient with
A-aDO2 is 82.7%.

A SOPI value of 1.52, 1.57 and 1.6 indicates A-aDO2
value of 70, 85 and 100, respectively.

A high specificity (95%) cut-off values of SOPI 1.55, 1.82
and 1.88 indicate A-aDO2 value of 70, 85 and 100,
respectively.
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