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Summary. Objective: To evaluate the association between the Respiratory Severity Score

(RSS) and Oxygenation Index (OI) in intubated, mechanically ventilated, newborn infants.

Study Design: In a retrospective cohort study (December 2006 to June 2010) medical records

of all infants who were admitted to our Neonatal Intensive Care Unit (NICU) and required

invasive mechanical ventilation were reviewed for patients’ demographics, ventilator settings,

and arterial blood gas (ABG). Results: During the study period 2,332 infants were admitted

to our NICU, and 425 infants were intubated and had an ABG with a gestational age of

30.5 � 4.9 weeks and a birth weight of 1,635 � 923 g (mean � standard deviation). There

was a strong association between RSS and OI in infants with oxygen saturation (SaO2)

between 88% and 94% (R2 ¼ 0.982, n ¼ 101; P < 0.001). Conclusion: In intubated newborn

infants, there is a strong association between RSS and OI at SaO2 between 88% and 94%.
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INTRODUCTION

Optimizing oxygenation is a critical part of the man-
agement of newborns in the Neonatal Intensive Care
Unit (NICU). Trans-cutaneous pulse oximetry is usually
used to assess oxygenation; whereas the OI, one of the
respiratory indices, is used to categorize the severity
of oxygenation failure and pulmonary status of infants
requiring mechanical ventilation.1,2 Respiratory indices
are preferred over pulse oximetry in categorizing the
severity of illness and have been used in many neonatal
trials.3,4 Traditional respiratory indices, including OI,
require indwelling arterial lines, which in turn is associ-
ated with multiple complications.5 In order to avoid
complications related to invasively obtained respiratory
indices non-invasively obtained indices of oxygenation
failure and pulmonary status have been proposed, such
as the RSS.6 In major randomized control trials, RSS
has been used as a surrogate to OI.7,8 However, the
association between RSS and OI has not been validated
in intubated newborn infants. In our study we sought
to determine the association between RSS and OI in
intubated critically ill newborn infants; and in particular
in infants with oxygen saturation ranging between 88%
and 94%, the recommended saturation range for pre-
term infants.7

PATIENTS AND METHODS

In a retrospective cohort study, medical records of
all newborn infants who were admitted to our NICU

between December of 2006 and June of 2010 were
screened according to our selection criteria; and 425
medical records were reviewed for the study. All
patients were inborn at our institution. Medical records
were reviewed for patients’ demographics including
gestational age (GA), birth weight (BW), gender, race,
and Apgar scores at 1 and 5 min. Medical records were
also reviewed for patients’ characteristics including
Score for Neonatal Acute Physiology-Perinatal Exten-
sion (SNAP-PE), arterial blood gas (ABG), OI, and
RSS. Our inclusion criteria consisted of all infants who
required mechanical ventilation and had an ABG avail-
able for review. Infants with congenital cyanotic heart
disease were excluded. All consecutive patients who
were eligible for the study were enrolled.
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The first documented ABG on admission to the
NICU was included in the study, and only one blood
gas per patient was assessed. ABG analysis was done
by a Radiometer ABL 80 FLEX machine. Oxygen satu-
ration (SaO2) was noted on the ABG analysis. In our
institution it is our practice to have an umbilical arterial
catheter (UAC) for ABG monitoring in all extremely
low birth weight (ELBW) infants. For infants with birth
weight >1000 g who require respiratory support, we at-
tempt to get an ABG on admission. In these cases blood
is drawn from a UAC or a peripheral arterial line or by
arterial puncture.

The OI was calculated according to the following
formula: OI ¼ Mean Airway Pressure (MAP) � Frac-
Fraction of inspired oxygen (FiO2)/Partial pressure of
arterial oxygen (PaO2). The RSS was calculated accord-
ing to the following formula: RSS ¼ MAP � FiO2.

The study was approved by the institutional review
board (IRB) at Metro Health Medical Center (MHMC).

Statistical Analysis

All quantitative data were expressed as mean � stan-
standard deviation, or median with inter-quartile range,
or range. Categorical data were expressed as percen-
tages. A linear regression analysis was performed to
determine the association between RSS and OI in all
infants. Since a target of oxygen saturation between
88% and 94% has been used in clinical trials in ELBW
infants, another set of linear regression analyses was
performed to determine the association between RSS
and OI among infants with oxygen saturations (SaO2)
between 88% and 94% and among those with higher
and lower oxygen saturations. Cronbach’s alpha was
used to test the reliability of the regression analysis in
infants with SaO2 between 88% and 94%. The area un-
der the receiver operating characteristic curve (AUC),
sensitivity and specificity were calculated for clinically

relevant OI values (OI �5, �10, and �15) to estimate
RSS. The AUC, sensitivity and specificity values were
also calculated for clinically relevant RSS values (RSS
�3 and RSS �10) to estimate OI.7 P < 0.05 was con-
sidered statistically significant. IBM-SPSS statistical
software (version 19) was used for data analysis.

RESULTS

During the study period 2,332 newborn infants
were admitted to our NICU, including 586 very low
birth weight infants (VLBW � 1,500 g). Five newborn
infants had congenital cyanotic heart disease and were
excluded. Of all admissions, 425 infants met our inclu-
sion criteria. Demographics and characteristics of all
patients and the subgroup of patients with SaO2 be-
tween 88% and 94% who were intubated and had an
ABG on admission are shown in Table 1. The median
age (in hours) when the first ABG was done was 2 hr
(range: 0.5–121 hr).
The association between OI and RSS in all infants

regardless of their SaO2 is shown in Figure 1. There
was a modest but statistically significant association
between RSS and OI (R2 ¼ 0.759; P < 0.001). The es-
timated OI can be calculated according to the following
formula: OI ¼ 1.238 (95% CI: 1.172; 1.305) � RSS.
Among infants with SaO2 between 88% and 94% the
squared correlation coefficient, R2, between OI and
RSS, was 0.982 (P < 0.001). Among infants with SaO2

<88% and those with SaO2 >94%, the R2 was 0.94
and 0.83, respectively (P < 0.001 in both groups). The
best association between OI and RSS was therefore not-
ed in the subgroup of patients with SaO2 between 88%
and 94% (Fig. 2).
In patients with SaO2 between 88% and 94%

(n ¼ 101), the estimated OI can be calculated accord-
ing to the following formula: OI ¼ 1.412 (95% CI:
1.375; 1.450) � RSS. The reliability test, Cronbach’s

TABLE 1—Demographics and Characteristics of All Patients and the Subgroup of Patients With Oxygen Saturation Be-
tween 88% and 94%

All patients (N ¼ 425) Patients (SaO2 88–94%) (N ¼ 101)

Gestational age (weeks)1 30.5 � 4.9 29.8 � 4.5

Birth weight (g)1 1,635.9 � 923.9 1,500 � 846

Very low birth weight (%) 246/425 (57.8%) 63/101 (62.3%)

Gender (% male) 231/425 (54.4%) 51/101 (50.5%)

Race (% Caucasian) 166/425 (39.1%) 40/101 (39.6%)

Apgar at 1 min2 5 (3–7) 5 (3–7)

Apgar at 5 min2 8 (7–9) 7 (6–9)

SNAP–PE1,3 24.1 � 14.8 26 � 15.4

OI (median and range) 3.15 (0.93–34.21) 3.84 (1.24–18.75)

RSS (median and range) 3.24 (0.84–14.40) 2.77 (0.84–12.00)

1,3Data expressed as mean � standard deviation.
2Data expressed as median and (inter-quartile range).

Score for Neonatal Acute Physiology-Perinatal Extension.
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alpha was 0.950 for the group of patients with SaO2

between 88% and 94% (n ¼ 101). In the subgroup of
extremely premature infants with a BW �1,250 g, and
SaO2 between 88% and 94% (n ¼ 51), the estimated
OI can be calculated according to the following formu-
la: OI ¼ 1.394 (95% CI: 1.328; 1.460) � RSS.

The sensitivity and specificity of the estimation of
RSS from a measured OI, at different OI values in
infants with a SaO2 of 88–94% are illustrated in
Table 2. The specificity of the estimation is high,
whereas the sensitivity is low.

The sensitivity and specificity of the estimation of OI
from a measured RSS, at different RSS values in infants
with a SaO2 of 88–94% are illustrated in Table 3. The

sensitivity of the estimation is higher than the specifici-
ty. Although there was a high sensitivity and specificity
of the estimation of OI at RSS �10, the sensitivity and
specificity of the estimation was not statistically signifi-
cant (P-value > 0.05).

DISCUSSION

We have shown in our study that RSS is associated
with OI in critically ill newborn infants who are intu-
bated on mechanical ventilation. Overall we showed
that there was a modest but statistically significant asso-
ciation between the two indices, with the strongest
association noted in infants with a SaO2 between 88%
and 94%.
We have also shown that the specificity of the esti-

mated RSS from a measured OI is high with a large
area under the curve at three different OI levels. The
sensitivity and specificity of the estimated OI from a
measured RSS with a large area under the curve are
also high, but it did not reach statistical significance at
an RSS value �10. Lack of a large number of patients
with RSS values �10, in our study, is most probably
the explanation for the lack of statistical significance in
this group of patients.
The assessment of severity of lung disease and oxy-

genation usually requires an ABG in order to calculate
indices such as Alveolar-arterial gradient, PaO2/FiO2

ratio, and OI. These indices are essential to categorize
severity of illnesses, set guidelines for therapeutic inter-
ventions and conduct outcome based studies.9–11 For
more than two decades clinical trials involving ECMO
and inhaled Nitric Oxide have used OI to categorize
the severity of oxygenation failure.12 Requirement of
indwelling arterial catheters and the adverse effects
associated with such catheters have been limitations to
the frequent use and monitoring of the aforementioned
indices.13,14 In VLBW infants, frequent blood sampling
results in iatrogenic anemia, often requiring multiple
blood transfusions.5,15,16 These considerations have
made the use of a non-invasive index, such as RSS
attractive. RSS is a non-invasive index that was first
described in 2004 as an index for non-invasive assess-
ment of the pulmonary status.17 It has been used in
clinical trials to categorize severity of respiratory
illness.7,8,18 The validation of non-invasive indices, for
example SpO2/FiO2 ratio, in adult and pediatric studies
has led to the early diagnosis of respiratory failure
as well as an improvement in enrolment in clinical
trials.6,19 To our knowledge there has been no validation
study of RSS in newborn infants. Our study demon-
strates a strong association between RSS and OI in a
specific oxygen saturation range (88–94%). We decided,
a priori, to analyze the association between OI and RSS
in infants with O2 saturation of 88% to 94% since this

Fig. 1. Correlation between Oxygen Index and Respiratory

Severity Score in all infants regardless of their oxygen satura-

tion. The predicted OI ¼ 1.238 (RSS) (R2 ¼ 0.759; P < 0.001).

Fig. 2. Correlation between Oxygen Index and Respiratory

Severity Score in infants with an oxygen saturation between

88% and 94%. The predicted OI ¼ 1.412 (RSS) (R2 ¼ 0.982;

P < 0.001).
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range reflects the common practice of NICU physicians
who usually target such range when managing critically
ill premature infants. Oxygen saturation range of
88%–94% has been previously used to investigate the
role of inhaled nitric oxide in preventing the develop-
ment of chronic lung disease in premature infants.7 The
strong association is maintained in infants with birth
weight �1,250 g who have a SaO2 between 88% and
94%. Ballard et al.7 have used RSS in extremely prema-
ture infants (birth weight � 1,250 g) to categorize the
severity of respiratory illness. Our data serve to validate
such a use of RSS, as long as the oxygen saturation is
maintained between 88% and 94%. The regression
equations described in our study can be used to esti-
mate OI without the presence of an indwelling arterial
catheter.

Based on our study the relationship between RSS
and OI is not uniform across the spectrum of oxygen
saturations. We found stronger association between
RSS and OI in infants with a SaO2 between 88% and
94%, the target saturation for infants less than 1,250 g
including ELBW infants (less than 1,000 g).7 The
variation in the association between RSS and OI across
different SaO2 ranges is most probably related to the
shape of the oxyhemoglobin dissociation curve.20 The
variation in PaO2 is narrower in the oxygen saturation
range of 88–94% than it is for oxygen saturations
>97% and oxygen saturations <80%. Further, in
infants receiving supplemental oxygen, the PaO2 is
known to be higher and more variable when the pulse
oximetry saturation (SpO2) is >93%.21

RSS can have multiple clinical uses. RSS does not
require an arterial line, and can provide, non-invasively,
an estimate of severity of the respiratory illness. RSS

can be used instead of OI to categorize severity of
respiratory illnesses, determine the need for and assess
the response to therapeutic interventions such as Nitric
Oxide, and predict long term respiratory outcome.7,8,22

Use of RSS in research studies is likely to improve
enrolment and avoid selection bias introduced by
exclusion of infants who do not have an arterial line.
However, there are practical factors that need to be
taken into consideration while interpreting the RSS
values. As we have shown, the association between OI
and RSS depends on the oxygen saturation. The associ-
ation is strongest when the oxygen saturation is
between 88% and 94%. Therefore, the interpretation of
RSS values should be taken in the context of the
targeted oxygen saturation values of each NICU. It is
also important to note that the actual compliance with
the targeted levels of SpO2 is variable and difficult. For
instance, in a multicenter, multinational study (AVIOx
study) the targeted pulse oximeter level during the
first 4 weeks of life was achieved in only 16–64% of
preterm infants <28 weeks gestation.23 In such circum-
stances where oxygen saturation levels cannot be as-
sured to be between 88% and 94%, the use of RSS
instead of OI may not truly reflect the severity of respi-
ratory illness.
Our study has some limitations. It is a retrospective

cohort study, from a single institution. Ventilator param-
eters were retrieved from the medical records at the
time when blood gases were obtained. Any changes in
ventilator settings are usually documented in the medi-
cal records; however, we cannot exclude occasional
changes that could have been made prior to obtaining a
blood gas without any documentation (limitations of a
retrospective review). The SpO2 values were not used

TABLE 2—The Sensitivity and Specificity of Estimated RSS From Measured OI in Patients With Oxygen Saturation
Between 88% and 94%

OI Estimated RSS (95% CI) AUC Sensitivity Specificity P values

�5 �3.5 (2.5–4.6) 0.985 0.514 1.000 <0.001

�10 �6.8 (5.7–7.9) 0.992 0.222 1.000 <0.001

�15 �10.2 (9.0–11.3) 1.000 1.000 1.000 0.016

AUC: Area Under the receiver operating characteristic curve; OI: oxygen index; RSS: respiratory severity score.

TABLE 3—The Sensitivity and Specificity of Estimated OI From a Measured RSS in Patients With Oxygen Saturation
Between 88% and 94%

RSS Estimated OI (95% CI) AUC Sensitivity Specificity P values

�3 �4.9 (3.4–6.5) 0.986 1.000 0.542 <0.001

�10 �14.1 (12.5–15.8) 1.000 1.000 0.920 0.086

AUC: Area Under the receiver operating characteristic curve; OI: oxygen index; RSS: respiratory severity score.
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to stratify our patients to avoid the possibility of lack of
documentation of the actual patient’s SpO2 at the time
when the blood gas was drawn; instead the SaO2, which
part of the ABG measurement was used for stratifica-
tion. To avoid ‘‘clustering bias’’ or ‘‘repeated-measure-
ment bias’’ we chose one blood gas per patient, and for
consistency we chose the first available blood gas for
analysis. However such analysis might have created a
limitation to our study, since analysis of early blood
gases might not have reflected infants’ stabilized and
optimized respiratory status following surfactant admin-
istration. Another limitation of our study is that only a
few patients had elevated OI >25. Therefore the associ-
ation of the two indices is limited to the range of OI
that was studied. None of the infants included in the
study received blood to prior to the ABG analysis. We
therefore cannot assess the impact of adult donor blood
on the association between RSS and OI. Although adult
hemoglobin’s oxygen dissociation curve is shifted to
right relative to fetal hemoglobin, we believe this varia-
tion will not significantly alter the association between
RSS and OI.

CONCLUSION

In conclusion, there is a strong association between
the RSS and the OI in critically ill newborn infants who
are intubated on mechanical ventilation with a SaO2 be-
tween 88% and 94%. RSS, a non-invasive parameter,
can be used as a surrogate to an invasive parameter
such as the OI. Unlike the OI, RSS does not require an
ABG for calculation, and can be used to monitor the
severity of respiratory illness in critically ill infants
who are intubated on mechanical ventilation. RSS can
be helpful in managing newborn infants who do not
have indwelling arterial catheters in place.
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