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Abstract
Providing supplemental oxygen to preterm neonates is an 
integral part of neonatal intensive care therapy. Preterm 
lungs unable to oxygenate or associated pathologies such 
as hyaline membrane disease, congenital pneumonia, wet 
lungs, or perinatal asphyxia are a few conditions that neces-
sitate supplemental oxygen. However, it is now proved beyond 
doubt that both hypoxia and hyperoxia are detrimental 
to the neonate and both have short-term and long-term ill 
effects. A few studies have recommended safe oxygen satu-
ration targets, which require strict oxygen control. Nursing staff 
should monitor and tweak the oxygen controls. But this adds 
to the already overburdened nurses’ routine work in resource-
restricted environments. The irony is that it is in these environ-
ments that strict control is needed due to the pathologies seen 
in neonates.

This article describes the original research conducted on these 
important aspects. May be an automated oxygen control ful-
fills the requirement. 

Key Words: Oxygen saturation in preterms, saturation targets 
and monitoring, nursing workload in NICU

Background and 
Significance
Compared with full-term infants, preterm and 
extremely preterm infants in neonatal intensive care 
units (NICUs) are at a higher risk of developing respir-
atory distress requiring oxygen therapy. The extremely 
preterm infants are predisposed to episodes of inter-
mittent hypoxia during the first 4 weeks of postnatal 

period.1 They are also more vulnerable to changes 
resulting from exposure to high oxygen levels, which are 
linked to retinopathy of prematurity (ROP) and chronic 
lung disease.2–4 

Hyperoxemic/hypoxemic episodes in preterm infants 
are identified by monitoring arterial oxygen satu-
ration using pulse oximetry (SpO2), the standard, 
noninvasive, continuous technique that provides near-
instantaneous data. These episodes are corrected by  
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a transient decrease/increase in the fraction of inspired 
oxygen (FiO2) and adjusted to keep oxygen expo-
sure at an optimum level and avoid extreme ranges of 
SpO2.

5–7 In a study, conducted at level 3 NICU, proper 
oxygen management led to a reduction in episodes of 
hypoxia–hyperoxia in very low birth weight infants.4 
However, there was a lot of ambiguity about the  
clinically appropriate range for oxygen saturation 
in preterm infants.6,8 Based on the meta-analysis of 
Surfactant, Positive Pressure and Pulse Oximetry 
Randomized Trial (SUPPORT), the 3 Benefits of 
Oxygen Saturation Targeting (BOOST II), and the 
Canadian Oxygen Trial (COT) studies, the recent 
European guidelines recommend targeting functional 
SpO2 between 90% and 95%.9 

Most neonatal healthcare workers were found to have 
inadequate understanding of neonatal oxygenation.10,11 
Multicenter studies, conducted in preterm infants 
receiving supplemental oxygen, have shown SpO2 to be 
within the range of oxygenation intended by the clini-
cian only about half the time, whereas it was above 
the range one-third of the time, and below the range 
one-fifth of the time.12,13 Furthermore, data from these 
studies revealed declining maintenance of the intended 
range of oxygenation with time and a small improve-
ment with the use of alarms set at or just outside the 
intended range.14 Additionally, compliance by nursing 
staff in maintaining policy-specified oxygen saturation 
targets is inconsistent across NICUs as well as among 
infants within NICUs and for each infant over time.12 
Moreover, individual and group opinions of nurses in 
units, with and without policy-specified oxygen satura-
tion targets, are a source of variability in maintaining 
appropriate SpO2 saturation targets.15 However, studies 
have found assigning fewer preterm infants per nurse 
results in better achievement of oxygen saturation 
targets.16 Similar evidence indicates that survival of 
preterm infants in neonatal care is linked to the number 
of nurses with neonatal qualifications per shift.17,18 

The objective of this study was to assess the difference 
between regular versus dedicated nursing care given to 
preterm infants for monitoring SpO2 levels. 

Gaps in Care
Owing to continual fluctuations in oxygen require-
ments in preterm infants, maintaining oxygen satura-
tion levels within targeted range is quite tedious and 
challenging to the NICU staff. Sometimes, personal 
opinion of nurses caring preterm infants can influence 
oxygen saturation targets regardless of the NICU policy 
on oxygen saturation limits.15 This can be due to inad-
equate staff training, improper selection of target limits, 
and differences in clinical practices. This can be coun-
tered by training, retraining, educating, and commu-
nicating evidence-based care to nurses and other 
respiratory staff as well as carrying out regular audits to 
ensure compliance with established SpO2 target ranges 
and FiO2 titration guidelines.4 Several studies have 
documented an increase in morbidity and mortality 
rates with expanding nursing workload.17,19 Neverthe-
less, up-to-the-mark SpO2 monitoring can be attained 
by a high nurse-to-patient ratio and by improving 
educational measures in NICUs. Sink et al16 found 
enhanced SpO2 target achievement and a decrease in 
hyperoxemia when fewer preterm infants were assigned 
to an individual nurse. Several studies have docu-
mented a link between high nursing skill mix and 
improved patient outcomes.20–22 In conclusion, consid-
ering the multitude of fluctuations seen in SpO2 values 
in preterm infants, it would not be unwise to suggest 
assigning an individual nurse to make only FiO2 adjust-
ments in preterm infants and not be involved in other 
aspects of care of the infant.

Experimental Data
We are presenting findings from observational studies 
conducted at 2 hospitals in Bangalore, Karnataka, 
India. Study 1 was conducted at a teaching hospital and 
studies 2 and 3 were conducted in a pediatric hospital 
for FiO2 adjustments with routine and dedicated care.

Study 1: Routine manual care for 
FiO2 adjustments
Trends observed in NICU with respect to 
FiO2 changes
Objective: To detect and track the number of times the 
caregivers need to tweak the fraction of inspired oxygen 
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(FiO2) while ventilating the neonate with supplemental 
oxygen

Observations: FiO2 adjustments were monitored 
for several pathologies, such as respiratory distress 
syndrome, congenital pneumonia, birth asphyxia, tran-
sient tachypnea of the newborn, and pulmonary hyper-
tension. It was observed that caregivers adjusted FiO2 
on an average 4 to 5 times/hour, with the adjustments 
being independent of the pathologies (Figure 1). 

Figure 2 shows increase:decrease ratio of FiO2 tweaking 
over time in hours, which indicates the oxygen require-
ment to be the highest during the first 2 hours in all 
the neonates,  irrespective of the pathology.  The oxygen 
requirement stabilizes over the next couple of hours, 
while it decreases in majority of the neonates between 
the fifth and sixth hour. 

Conclusion: The caregivers tweak the FiO2 4 to 5 times 
per hour on average.

Figure 1. Number of Times the FiO2 was Tweaked for 
Various Pathologies

RDS, respiratory distress syndrome.

Study 2: Routine manual care to 
achieve normoxemia
Collection of vital sign parameters of the 
neonates along with FiO2 changes
Objectives: The primary objective of the study was to 
collect data to observe the adherence to SpO2 alarm 
limits during routine care. The secondary objectives of 
the study were to

1. ascertain the feasibility of apnea detection,
2. identify the possibility of airway secretion,
3. detect the feasibility of estimating lung  

parameters from noninvasive measurements, 
4. understand the ideal FiO2 step changes,
5. understand the time between FiO2 adjustments,
6. assess the ratio of FiO2 adjustments to SpO2 

alarms,
7. understand the relationship between FiO2 and 

SpO2, and
8. understand the trends in FiO2 to detect deterio-

rating or improving condition of the infant.

Methods: This was an open-label, nonrandomized 
data collection study. Fifty-six neonates were recruited 
in this study. Owing to data recording issues, data 
from 4 neonates had to be rejected. A standard Philips 
Patient Monitor (IntelliVue MP40) with its standard 
set of noninvasive parameters as per its intended use 
was used to collect physiologic data. The setup had a 
laptop connected to the patient monitor for commu-
nication and exporting the data. There were 2 cameras 
connected to the USB ports of the laptop, with one 
focused on the FiO2 knob and the other focused on the 
neonate to monitor body movements, crying, proce-
dures conducted, etc. The camera was focused on the 
knob as digital export of the FiO2 settings was not 
possible. 

Results: Fifty-two neonates were distributed in 3 cate-
gories: (i) preterm (29), (ii) late preterm (12), and (iii) 
term (11). Data were collected for 283 hours, which 
showed approximately 1500 hypoxemic events and 
3900 hyperoxemic events. 

The adherence to normoxemic, hyperoxemic, and 
hypoxemic limits under each category is shown in 
Figures 3 to 5. 

Figure 2. Increase:Decrease Ratio of the FiO2 
Tweaking Over Time

RDS, respiratory distress syndrome.

RDS average increase RDS average decrease Congenital pneumonia average 
increase

Congenital pneumonia 
average decrease

Birth asphyxia average 
increase

Birth asphyxia average decrease
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Figure 3. Percentage of Normoxemia During Oxygen 
Supplementation

Although spirometry modules are not compatible with 
continuous positive airway pressure (CPAP) devices, an 
attempt was made to check if any relevant values could 
be obtained for detecting apnea, secretion in the airway, 
and estimating lung parameters. However, no mean-
ingful information could be obtained. 

Neonatologists wanted to modify a few parameters 
such as observation time (time before responding to a 
SpO2 limit crossing), wait time (time between succes-
sive adjustments), and step size (increment/decrement in 
FiO2 level adjustment) based on the pathologic condi-
tion of the neonate. So, these parameters were adjust-
able for the controller with default values for each based 
on the mean values found from the data. A preferred 
value of 2 minutes between successive FiO2 adjust-
ments was found to be suitable and was provided as a 
default value for this parameter. Regarding the ratio of 
FiO2 adjustments to SpO2 alarms, it was observed that a 
large number of events were missed and the compliance 
to normoxemia was only 28%.

The number of FiO2 changes may indicate deterio-
rating or improved condition of the baby, but this needs 
further confirmation through more studies.

Study 3: Dedicated manual care 
for FiO2 adjustments
Dedicated caregiver near the infant to 
make FiO2 changes only
Objectives: The primary objective of this study was to 
analyze the adherence to SpO2 limits when a caregiver 
was dedicated to make only FiO2 adjustments. The 
secondary objectives of the study were to 

1. calculate the number of events and duration of 
hypoxemia and hyperoxemia and

2. estimate the effort of caregiver in terms of FiO2 
adjustments.

Methods: This was an open-label, nonrandomized 
study. Thirty-three neonates were recruited in the study, 
out of which, data from 20 neonates had to be rejected 
because the neonates came out of supplemental oxygen 
support before the study duration of 2 hours (as per the 

Figure 5. Percentage of Hypoxemia During Oxygen 
Supplementation
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Figure 4. Percentage of Hyperoxemia During Oxygen 
Supplementation
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Conclusions: In routine manual care environment, the 
percentage compliance to normoxemia was only around 
28% because of the heavy nurse workload. Further-
more, the FiO2 tweaking was merely a function of the 
SpO2 values irrespective of the neonates’ pathology.
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exclusion criteria) ended. Data were collected from 13 
neonates, out of which 11 were preterm and 2 were late 
preterm, and data were collected for 28 hours. 

This optimal manual study was conducted for 2 hours 
on each neonate. The patient monitor was used to 
monitor the physiologic parameters, such as SpO2, 
peripheral perfusion index, heart rate, and respiratory 
rate. One camera was focused on the FiO2 knob/s for 
recording the time of change of FiO2. Another camera 
was focused on the neonate to record baby movement, 
crying, and procedures conducted. Additionally, infor-
mation related to the neonates was collected manu-
ally, which included sex, gestational age, postnatal age, 
birth weight, disease condition, SpO2 alarm limits, and 
parameters such as body movement and crying.

Results: Data were collected for 28 hours, which 
contained 234 FiO2 changes made by the dedicated 
caregiver. For optimal manual FiO2 adjustments, 
around 8 FiO2 changes were required per hour.

There were 234 events of hypoxemia and hyperoxemia 
taken together in a total recording time of 28 hours. 
The hypoxemia duration was 9.18% and hyperoxemia 
duration was 10.12%, out of the total recording time 
(Figure 6).

Conclusion: In optimal manual care, the neonate 
spends 79.67% within SpO2 limits, with a standard 
deviation of 10.15. 

Interpretation
The objective of this study was to establish optimal 
care standards for SpO2 maintenance in academic and 
pediatric hospital settings. The study results indicate 
that dedicated manual care improved maintenance of 
SpO2 within the intended range and reduced episodes 
of hypoxemia and hyperoxemia in preterm infants. 
However, the nurse–patient ratio mentioned in the 
study was neither feasible nor practical in a resource-
restricted setting. The goal is to avert  hyperoxemia/
hypoxia to minimize conditions such as sepsis, ROP, 
and hypoxic ischemic encephalopathy. The ideal solu-
tion would be to use an automated system that can 
control the FiO2 delivered to preterm infants, thereby 
maintaining O2 targets in premature infants.
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