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Background. An optimal oxygen saturation target for premature infants receiving supplemental oxygen, that aims to decrease morbidity
and mortality, has been the aim of many studies worldwide. Recently, a saturation target of 91 - 95% was recommended by the NeOProM
collaboration.

Objective. To identify current practice and healthcare-worker knowledge regarding target oxygen saturation in preterm infants.

Method. This cross-sectional descriptive study was conducted at three tertiary hospital neonatal units in Tshwane, South Africa. A web-
based survey was administered to staff caring for premature infants. To confirm the reliability of the survey, a snapshot was conducted to
assess actual practice in the neonatal units.

Results. A total of 190 responses from the three neonatal units were analysed for the web-based survey. Overall, 56.3% of respondents
indicated that a written standard operating procedure (SOP) for targeting oxygen saturation was in place. However, data analysis revealed
that 43 different saturation target ranges were reported, with 90 - 95% being the most common. Approximately three-quarters of
respondents indicated that supplemental oxygen may have harmful effects. Knowledge-based questions assessing the benefits and risks of
targeting lower saturations (85 - 89%) were answered poorly. Snapshot data analysis revealed that 70.2% of infants were receiving oxygen,
of which 81.2% received blended oxygen. The majority (61.2%) of these premature infants had saturations above 95%, with only 27.1% of
infants’ snapshot saturations falling within the recommended range (91 - 95%).

Conclusion. The large number of saturation target range responses that deviated from the SOP stipulated target, indicates that staff are
not following an SOP for targeting oxygen saturation in premature infants. To ensure standardised care, we recommend that all three units

ensure the availability of a written SOP and perform ongoing staff training.
Keywords. supplemental oxygen; target saturation; prematurity; survey; neonatal care.
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Oxygenation of premature infants has a long-standing history
of controversy in neonatal care. Guiding this therapy has been
difficult in the past, but with the development of pulse oximetry
and advanced forms of regulated oxygen delivery, it has become
easier. Complications secondary to hyperoxia include retinopathy
of prematurity (ROP) and chronic lung disease (CLD). Similarly,
restricting supplemental oxygen therapy also has several adverse
short- and long-term consequences, which may include cerebral
palsy (CP), necrotising enterocolitis (NEC) and even death.!"
Therefore, an optimal oxygen saturation target needs to be identified
and has been the aim of multiple large studies (Table 1).

The 2013 South African (SA) saturation target guideline for the
prevention of ROP recommended saturation targets of 88 - 92%
in all premature infants <36 weeks gestation.”! However, to our
knowledge, no survey on target oxygen saturation for premature
infants has been done in SA neonatal units, and it is unclear which
oxygen saturation is being targeted currently.

The Neonatal Oxygen Prospective Meta-Analysis (NeOProM)
collaboration is the largest recent publication describing optimal
oxygen saturation targets in premature infants. The NeOProM
Collaboration included five randomised controlled trials performed
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from 2005 to 2010 in five different countries.””! The trials compared
the outcomes of infants targeted to lower (85 - 89%) v. higher
(91 - 95%) saturation targets.’! Additionally, long-term follow-up
was performed at 18 - 24 months of age to assess outcomes.
A Cochrane meta-analysis of data from the NeOProM collaboration
was recently published (2017).") The higher saturation target
(91 - 95%) was concluded to be safer in this meta-analysis, owing
to a significant decrease in important outcomes, including NEC and
death.®! However, this meta-analysis only included trials comparing
low saturation targets (85 - 89%) with high saturation targets
(91 - 95%), and the question of whether even higher targets of >95%
may have an added benefit was not answered. The target oxygen
saturations for the two trials (STOP-ROP and BOOST) comparing
high targets with very high targets can also be seen in Table 1.
Bachman et al.®! published a paper in 2023 which was performed
in a tertiary care hospital in the USA. Six target oxygen saturation
ranges were tested for oxaemic-risk (partial pressure of oxygen; PaO,
outside the normal range of 50 - 80 mmHg) at various gestational
ages (<34 weeks reported in Table 1) which is unique to this study
compared to other studies reported in Table 1. The study found that
the saturation target range of 92 - 96% had the lowest oxaemic risk for
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neonates born <34 weeks.”! This study did, however, not report on
clinical outcomes related to the various saturation target ranges.”)

Despite the most recent published meta-analysis of five
randomised controlled trials favouring a higher saturation target
of 91 - 95%,"! and the study by Bachman et alP! reporting the
lowest oxaemic risk with a target range of 92 - 96%,"! the question
of which oxygen saturation to target in premature infants receiving
supplemental oxygen remains topical, especially in low- and middle-
income countries (LMICs) where, for example, infrastructure for
ROP screening may not be available in all hospitals. From published
data, optimal saturation target recommendations for premature
infants are mostly from high-income countries (HIC), including
the NeOProM collaboration (91 - 95%),” the American Academy
of Paediatrics (AAP) (90 - 95%)"® and the European guidelines
(90 - 94%).”" The SA guideline (2013) of a target oxygen saturation
of 88 - 92% for premature infants® remains the only locally approved
guideline, but should be revised considering the additional evidence
available since its first publication.

Ethics

Ethics approval was obtained from the Research Ethics Committee
of the Health Sciences Faculty, University of Pretoria, to proceed
with the web-based survey and to perform the snapshot assessments
(ref. no. 61/2019). Approval was also obtained from the National
Health Research Database (NHRD ref. no. GP_201903_026), as well
the heads of the respective neonatal units.

Methods

The three tertiary hospitals selected for this study are all part of the
public sector and are central to a drainage area within the Gauteng
Province (Hospital A, B and C). The present study aimed to identify
current practice and knowledge about targeting oxygen saturations
in premature infants. We employed a web-based survey (offered
to all the medical staff working in the respective neonatal units)
to understand the knowledge and intended practice of medical
staff caring for premature infants (<37 weeks’ gestational age). The
results of the Cochrane meta-analysis of data from the NeOProM
collaboration™ were used to identify the correct answers in the
survey. To confirm the reliability of the results of the web-based
survey, a cross-sectional analysis, referred to as a ‘snapshot, was
performed in the respective neonatal units to determine whether the
information provided by doctors and nurses in the web-based survey
correlated with routine practice in the unit. Data collected in the
snapshot included birthweight, gestational age, oxygen blender use,
method of supplemental oxygen administration, fraction of inspired
oxygen (FiO,), current oxygen saturation, oxygen saturation within
the past 24 hours, upper and lower alarm limits, as well as primary
diagnosis. Infants receiving saturation monitoring at the time of the
snapshot were included. Infants diagnosed with cyanotic congenital
heart defects were excluded. However, owing to limitations in the
number of saturation monitors available in some of the neonatal
units, the snapshot was repeated a few times to obtain a sufficient
and similar number of patients from each hospital, however, no
patient was included twice. The web-based survey and the ‘snapshot’
were conducted between April and June 2019.

Results

A total of 190 responses were analysed for the web-based survey,
of which 71 (37.4%) doctors and 119 (62.6%) nurses participated.
Overall, 68.1% of clinical staff working in the respective neonatal
units participated (76.3% (n=71/93) doctors and 64.0% (n=119/186)
nurses). At the time of the survey, there was a total of five
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neonatologists between the three hospitals. One neonatologist
was excluded from participating in the survey owing to direct
involvement in the research. Of the remaining four neonatologists,
only one participated in the survey. Although there was overall
higher participation from nursing staff (compared with doctors),
this was not significant (p=0.098). The demographics of the survey
respondents are shown in Table 2.

Saturation target-related questions included the existence of a
written standard operating procedure (SOP) for oxygen saturation
targets in premature infants, saturation monitoring practices,
saturation targets in use, the use of blended oxygen and the
presence of screening programmes for complications of prematurity,
e.g. ROP. Knowledge-based questions were related to the harmful
and beneficial effects of supplemental oxygen therapy and the short-
and long-term effects of low (85 - 89%) v. high (91 - 95%) oxygen
saturation targets.

Most respondents (56.3%; n=107) indicated their unit had
a written SOP for target saturations in premature infants and
81 respondents (42.6%) indicated that a written SOP for the setting
of alarm limits in premature infants receiving supplemental oxygen
was in use in their unit. At least 17.4% (n=33) of respondents
reported that the SOP for target oxygen saturation for premature
infants (in their units) had changed within the last 5 years. Where
an SOP for target saturations for premature infants receiving
supplemental oxygen was reported to be in place, information
regarding the lower and upper targets (range) was requested. If no
written SOP for targeting oxygen saturations for premature infants
receiving supplemental oxygen was reported or if the respondents
were unsure of the existence of a written SOP, they were asked to
indicate the lower and upper oxygen saturation targets they used
for premature infants receiving supplemental oxygen. The results
showed 43 different combinations of target ranges being reported
according to an SOP (107 respondents), and 36 combinations
without an SOP (83 respondents). Where an SOP existed, the four
most common target oxygen ranges were 90 - 95% (n=15; 14.0%),
88 - 95% (n=10; 9.4%), 85 - 90% (n=8; 7.5%) and 92 - 95% (n=7;
6.5%). Without an SOP or if respondents were unsure of a SOP, the
three most common target oxygen saturation ranges were 92 - 95%
(14.1%; n=12), 90 - 95% (8.2%; n=7) and 88 - 95% (7.1%; n=6).
The targets of 85 - 95% (4.8%; n=4), 85 - 100% (4.8%; n=4) and
87 - 90% (4.8%; n=4) had equal responses. The top four oxygen
saturation targets for doctors and nurses is shown in Fig. 1. Overall,
the two most common oxygen saturation target ranges reported by

Table 2. Demographics of respondents

Professional role Total, n (%)
Doctors

Paediatrician* 11 (15.1)
Registrar 26 (36.6)
Medical officer 17 (23.9)
Intern (Paediatrics) 17 (23.9)
Total 71 (100)
Nurses

Registered Nurse 60 (50.4)
Enrolled Nurse 19 (16.0)
Enrolled Nursing Assistant 25 (21.0)
Community Service Nurse 5(4.2)
Student Nurse 10 (8.4)
Total 119 (100)

*Includes general paediatricians (n=10) and neonatologists (n=1).
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Doctors' oxygen saturation targets

Other,
n=23 (32%)

90 - 95%,
n=11 (16%)

88 - 95%,
n=3 (4%) 88 - 94%,

n=4 (6%)
87-90%,

n=4 (6%)

Nurses' oxygen saturation targets

90 - 95%,
n=11(9%)

85 - 95%,
n=7 (6%)

85 -90%,
n=6 (5%)

Other,
n=70 (59%)

Fig. 1 Top four oxygen saturation targets for doctors and nurses.

doctors were 92 - 95% (23.4%; n=17) and 90 - 95% (15.5%;n=11)
and by nurses were 88 - 95% (n=13; 10.9%) and 90 - 95% (n=11;
9.2%). Additional responses close to or within the international
saturation target range included 90 - 94% (2.1%; n=4), 92 - 94%
(1.1%; n=2), 91 - 92% (0.5%; n=1) and 93 - 95% (0.5%; n=1). The
lowest lower oxygen saturation target reported by a respondent
in the survey was <80% and the highest upper oxygen saturation
target was 100%.

Three-quarters (75.8%; n=144) of respondents indicated that
oxygen blenders were used to control the fraction of inspired oxygen
(FiO,) when supplemental oxygen was administered to premature
infants. Thirteen (6.8%) respondents from all three institutions
were unaware of what a blender was (hospital A, n=4; B, n=3;
C, n=6). Continuous saturation monitoring of premature infants
was reported in 42.1% (n=80) of respondents overall. However,
most respondents (47.4%; n=90) indicated that the method used
for monitoring (continuous v. intermittent) is patient dependent,
including considering factors related to gestational age, diagnosis
and acuity of illness. Seventeen (8.9%) respondents distributed
between the three neonatal units reported that only intermittent
monitoring is used in the neonatal unit where they work (hospital
A, n=4; B, n=6; C, n=7). The survey also enquired about ROP
screening by an ophthalmologist. Overall, 84.2% (n=160) of the
respondents reported that an ophthalmologist was available at their
hospital, however, significantly fewer respondents reported this for
hospital C (72.4% (n=42); p=0.007) and overall, this was reported
by a significantly lower proportion of nurses compared with doctors
(77.3% (n=92) and 95.8% (n=68); p=0.004). Similarly, a greater
proportion of doctors reported that an ROP screening programme
was in place at the particular hospital (91.5% (n=65) v. 68.9% (n=82);
p=0.002). The reporting of an ROP screening programme was
significantly different between the three hospitals (hospital A, 85.3%
(n=58); B, 81.3% (n=52); C, 64.0%(n=37); p=0.002).
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The remaining questions in the survey were directed towards
current knowledge regarding the benefits and harmful effects
of supplemental oxygen administration in premature infants. Of
119 nursing respondents, 78.2% (n=93) indicated that supplemental
oxygen does have harmful effects. Overall, 58.3%, 32.3% and 37.5%
of respondents answered correctly that ROP, days on oxygen and
CLD, respectively, were significantly decreased when targeting
lower oxygen saturations of 85 - 89%. Furthermore, 22.9%, 14.1%
and 0% of the overall respondents answered correctly that targeting
lower oxygen saturations significantly increases NEC, death before
discharge, and death at 2 years of age, respectively.

A total of 121 snapshots (infants) were captured in the three
tertiary hospitals. In total, the snapshot was performed on 21
occasions at the three different hospitals. The number of snapshots
per hospital was not significantly different (hospital A, n=44; B,
n=38; C, n=39; p=0.682). Gestational ages and birthweights were
categorised and there was no significant difference in the number
of premature infants per GA group or birthweight when comparing
the three hospitals (p=0.365 and p=0.682, respectively). Overall, the
majority of infants were between 28 and 36 weeks’ GA (1=80; 66.1%)
and had a birth weight in the 1 000 - 1 499g category (36.4%; n=44).
The mean (standard deviation (SD)) age of the infants at the time of
the snapshot was 8.8 days (range 0-110 days; 12.6). Prematurity was
a prerequisite for inclusion and was therefore a common diagnosis
to all included infants (n=121; 100%). Overall, respiratory distress
syndrome was the predominant concomitant diagnosis (86.8%;
n=105). There was no statistical difference between the primary
diagnoses when comparing the three hospitals (p=0.097).

A total of 85 premature infants were receiving supplemental
oxygen. Eleven (9.1%) were receiving invasive positive-pressure
ventilation, 34 (28.1%) were receiving nasal continuous positive-
airway pressure and 40 (33.1%) were receiving nasal-prong oxygen
(NPO,). Of the infants receiving supplemental oxygen, 69 (81.2%)
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received blended oxygen and 17 (20.0%) received unblended oxygen.
For those receiving blended oxygen, the mean (range; SD) FiO, was
0.41 (0.23 - 1.0; 0.21). For the infants receiving unblended oxygen,
the only method of controlling supplemental oxygen administration
was to adjust the flow rate (L/min) and was either 1 or 2 L/min
(mean (SD) 1.24 (0.44) L/min).

The premature infants’ saturations were also recorded and grouped
as <91%, 91 - 95%, and >95% for those infants receiving supplemental
oxygen (n=85). Overall, the majority of these premature infants
had saturations above 95% (n=52; 61.2%), with only 27.1% (n=23)
being within the recommended range of 91 - 95%. This finding was
consistent across all three hospitals. Overall, the mean (SD) saturation
was 96% (3) (range 85 - 100%).

Data on alarm limits were collected for all infants — those receiving
oxygen and not receiving oxygen - by documenting the limits set
on the monitor attached to the patient. Lower alarm limits were set
between 80% and 90% and upper alarm limits were set between 95%
and 100%. Overall, the mean (SD) lower and upper alarm limit was
87% (3) and 98% (3), respectively. For infants on supplemental oxygen,
the mean (SD) upper alarm limit was also set at 98% (3). The snapshot
saturation was then compared with the set limits to assess how many
infants had a saturation within the set alarm limit. Overall, most
infants (71.1%; n=86) had a saturation within the set alarm limits.

Discussion

The survey results reflect intended practice of individual respondents
in the three neonatal units but not necessarily the intended practice
set by the management of the unit. The snapshot of actual practice
would be an indication of correct application of the knowledge-
based intended practice.

Therapy is best guided by the presence of a written SOP, which
allows standardisation of care guided by best practice principles and
evidence. Communication with the heads of neonatology confirmed
that none of the hospitals in the study had a written SOP congruent
with the current Cochrane recommendations at the time of the
study. However, verbal instructions (communicated to staff on ward
rounds) for target oxygen saturations were in place in all three
hospitals with target oxygen saturations of 91 - 95% in hospitals A
and B and 90 - 94% in hospital C. If a written SOP was in place,
a maximum of three target saturation ranges are expected to be
reported if each hospital targets a different range. The variation in
target saturation ranges reported to be used according to a written
SOP (n=107/190), demonstrated by 43 different saturation target
combinations, suggests that these units were not following the same
SOP. Similarly, if respondents were unsure or if no SOP existed,
36 different combinations of target ranges were reported. Overall,
the target ranges closest to the international recommendation were
90 - 95% (11.6%; n=22) and 92 - 95% (10.0%; n=19), with only
three respondents (1.6%) indicating a target range similar to the
international recommendation (91 - 95%). Additional responses close
to or within the international target range included 90 - 94% (2.1%;
n=4), 92 - 94% (1.1%; n=2), 91 - 92% (0.5%; n=1) and 93 - 95% (0.5%;
n=1). These responses constitute just over a quarter (n=52; 26.3%) of
respondents’ practices; implying that the lower target, upper target,
or both were not within the recommended range for approximately
three-quarters of premature infants receiving supplemental oxygen
in these units. These results further emphasise the need for a written
SOP to guide oxygen therapy in premature infants. Two studies were
identified from other LMICs reporting a target oxygen saturation for
infants on supplemental oxygen of 90 - 95% in a hospital in Nigeria
(2012) and 93 - 95% in a hospital in South India (2013 - 2015).1%11
These targets are similar to those recommended by HIC, including
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the NeOProM collaboration (91 - 95%),") the AAP (90 - 95%)®! and
the European guidelines (90 - 94%).*!

The responses to the survey about target oxygen saturation in
premature infants receiving supplemental oxygen were inconsistent
with the findings of the single saturation snapshot taken within the
three neonatal units. Although only 3 (1.6%) respondents reported
targeting 91 - 95%, just over a quarter (27.1%) of infants were within
the internationally recommended target range of 91 - 95%. Most
infants’ (61.2%) snapshot saturation was above 95%.

The upper and lower alarm limits set on the monitors were also
diverse and no trend was identified. When comparing the snapshot
saturation to the set alarm limits, 27.1% had their snapshot saturation
outside the set alarm limit. One explanation for this finding could
be that, as saturation monitors are shared between infants in the
neonatal wards, the alarm limits were not adjusted when monitors
were placed on another infant.

Supplying the appropriate FiO, is an essential part of supplemental
oxygen therapy for preterm infants and it involves the use of an
oxygen blender. However, owing to challenges within the public
healthcare sector, not all hospitals have sufficient, if any, oxygen
blenders available when using NPO,. Prevention of oxygen toxicity
and the resultant morbidity remain a challenge in resource-limited
units. Of the 85 infants receiving supplemental oxygen, 20.0%
(n=17) were receiving unblended oxygen. However, oxygen delivery
without a blender is potentially dangerous as the the exact FiO, being
delivered via a flowmeter is unknown.!"! Therefore, oxygen blenders
should be used whenever possible to decrease the risks associated
with oxygen toxicity.

Maintaining continual target oxygen saturations within a particular
range is easier when patients are receiving continuous saturation
monitoring. Additionally, continuous saturation monitoring,
combined with other vital signs, provides immediate information
about the state of an infant and will alert staff in cases of acute
decompensation. Almost half (47.4%) of the respondents of the
survey indicated that the method used for saturation monitoring
(continuous v. intermittent) was patient-dependent. Unfortunately,
the survey did not enquire whether the respondent deemed this
secondary to limited resources (equipment), acceptable practice
guidelines or whether there was a unit specific recommendation for
the method of monitoring. Studies from other LMIC have reported
that saturation monitors are available in that setting, however
intermittent saturation monitoring is sometimes required for infants
on supplemental oxygen secondary to a shortage of monitors.!"’!
Some studies reported no monitors available to monitor infants on
supplemental oxygen, stating that the saturation monitors were only
available in theatre.'?’ Another problem reported in some LMIC
studies is that neonatal probes are not available for the saturation
monitors.*?!

Access to an ROP screening programme is vital for all neonatal
units caring for premature infants receiving supplemental oxygen
therapy. There was an ophthalmologist and an ROP screening
programme at all three tertiary hospitals included in this study at the
time of publication and it is not clear why 22.6% of respondents were
not aware of the ROP screening service. Significantly more doctors
than nurses were aware of the ROP screening programme (91.5%
V. 68.9%). Additionally, only 58.3% of nurses answered correctly
that targeting a lower saturation decreases the risk of ROP. There
is therefore an opportunity to provide education to the nursing
staff about the risk of supplemental oxygen and ROP in premature
infants. The present study was not designed to determine whether
all eligible infants were screened for ROP, but the lack of information
about this service may result in incomplete screening in some
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eligible infants. Eleven publications from other LMIC regarding ROP
have been identified. The incidence of ROP in these studies ranged
between 11.9% and 47.2%."! However, only two of these studies
reported the target oxygen saturation of the neonatal unit,®"! with
a ROP (stage 1 - 3) incidence of 47.2% in the Nigerian study™ and
203 cases of ROP reported in the South Indian study™” (no incidence
reported). All included infants were <32 weeks’ gestational age and
had birthweights <1 500 g.*! However, in this study’s context,
the incidence of ROP is only known in one of the three hospitals.
Hospital A has an ROP (stage 1-3) incidence in infants < 1 500g of
4% (n=4/100) of those screened in 2022 and 0% (n=0/67) of those
screened in 2023, where the oxygen saturation target is 91 - 95%.
Such a wide range of ROP incidence in different LMIC settings
indicates that targeting a particular oxygen saturation to prevent
ROP may be site-specific, especially in resource-limited hospitals.

Theoretical knowledge about the harmful and beneficial effects
of oxygen therapy is essential in neonatal care. Disease-specific
questions in the survey revealed overall poor knowledge of the
harmful effects of supplemental oxygen. These results imply that
the majority of respondents’ knowledge about targeting a specific
saturation range is poor and training to improve knowledge will be
recommended to all three neonatal units.

Study limitations

Owing to heavy workloads with limited staff and units filled to or
beyond capacity, we were unable to achieve a 100% participation rate
in the web-based survey. Unfortunately, according to the responses
received, only one of the four eligible neonatologists completed
the survey. However, whether the three remaining neonatologists
selected “paediatrician” to remain anonymous to the investigators
when completing the survey cannot be determined. The duration
of employment was not requested in the web-based survey. This
information could have been used to investigate whether practice
(snapshot) and knowledge (survey) was superior in those staff that had
been employed longer. Unfortunately, a separate question on outcomes
with no statistical difference was not included in the web-based
survey and whether clinical staff had this knowledge can therefore
not be determined. Lastly, a design flaw occurred in the web-based
survey, where only nurses were asked whether supplemental oxygen
had harmful effects to premature infants. This question was meant to
be asked to all participants of the survey. This result is therefore not
representative of the knowledge of all clinical staff per hospital, which
would have been invaluable.

Conclusion

Oxygen saturation targeting is an essential component of the
management of premature infants receiving supplemental oxygen. The
morbidity and mortality associated with lower or higher saturation
targets can be prevented by enforcing the use of the recommended
oxygen saturation target range for premature infants (91 - 95%)
in facilities with adequate resources and access to ROP screening
facilities. For facilities without access to screening services for ROP,
a lower target saturation range may be more appropriate (to prevent
blindness related to ROP). However, this may be at the expense of
increased mortality and NEC and would require further investigation
before any site-specific recommendations can be made.

The survey performed in the present study indicate that practices
differ between the three tertiary hospitals and within the individual
neonatal units. To ensure standardised care and optimal neonatal
outcomes, we recommend implementing a written evidence-based
SOP for targeting oxygen saturations and setting alarm limits in all
three units. Thereafter, further research to evaluate compliance with
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the SOP, and to assess short- and long-term outcomes in premature
neonates receiving supplemental oxygen can be performed.

We also recommended that the neonatal units procure additional
equipment for monitoring saturations and for controlling oxygen
delivery (blenders). Ongoing education of the harmful effects of low
and high oxygen saturations should be offered to clinical personnel
who care for premature infants in the neonatal units, especially
where there is a high turnover of junior clinical personnel. While
practices may differ in neonatal units across SA and the world, the
common aim remains to ensure good outcomes in all premature
infants admitted to a neonatal unit.
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