A clinical audit on maintenance of optimal peripheral …Sri Lanka Journal of Child Health, 2020; 49(1): 03-07

Original Articles
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Results: Ten preterm neonates with 211
observations were studied. Maturity ranged from
27-33 weeks. Mean birth weight was 1.24 kg
(SD=0.43) and 5 (50%) babies were extremely low
birth weight. In 158 (74.9%) observations, SpO2
was >95%. Optimal SpO2 was noted only in 52/211
(24.6%) observations. In observations with SpO2
>95% where invasive ventilation was used, 35/120
(29.1%) had minimum ventilator settings i.e. PiP14H2Ocm and FiO2-21%. Among babies with noninvasive modes, 68.4% of observations had a FiO2
of 21% with a PEEP of 5. Therefore, in 59.5%
there was no room to reduce FiO2 further and in
29.1% of the instances with invasive ventilation
there was no room for reducing ventilator settings.
SpO2 was <89% only on 1 occasion.

Abstract
Introduction: With increasing survival of preterm
neonates, oxygen therapy has become an integral
part of neonatal respiratory support. In Sri Lanka
survival rate of extremely preterm babies is nearly
70%. Most recent studies show oxygen saturations
(SpO2) of 91-95% in preterm neonates maximize
survival while minimizing side effects such as
retinopathy of prematurity. Oxygenation can be
optimized by controlling ventilator settings- i.e.
fraction of inspired oxygen (FiO2), inspiratory time
and mean airway pressure.
Objective: To study the SpO2 trend maintained in
ventilated (both invasive and non-invasive) preterm
babies at the neonatal intensive care unit of Sri
Jayewardenepura General Hospital.

Conclusions: Even though in most of the instances
minimum ventilator settings were used still there
was room for further reduction.

Method: Study was done in March 2018 on
ventilated preterm babies <34 weeks gestation and
birth weight <1.5kg. Neonates with pulmonary
hypertension,
bronchopulmonary
dysplasia,
cyanotic heart disease, major congenital anomalies
and neonates on palliative care were excluded.
SpO2 trend and related ventilator settings i.e. FiO2,
peak inspiratory pressure / pressure support, and
positive end expiratory pressure, were recorded
daily at 8am and 2pm. SpO2 trend was observed for
10 minutes and the most persisting value taken to
minimize observation bias. Data were analysed
using SPSS 20.
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Introduction
According to the World Health Organisation most
of the preterm births take place in South and Southeast Asia which increases the health burden in the
region1. A retrospective study conducted in our
unit, evaluating the pre-discharge mortality of
extreme preterm babies revealed an overall survival
rate of 68%, with 85% survival in babies born at 28
weeks of gestation2. Oxygen therapy is frequently
used in neonatal units as an integral part of
respiratory support with a wide range of invasive
and non-invasive ventilatory modalities3. Even
though intense respiratory support has improved
the survival of preterm neonates, excess oxygen
therapy is associated with higher incidences of
chronic lung disease, retinopathy of prematurity
(ROP), especially in extremely premature infants
and in infants with a very low birth weight, while
inadequate oxygenation will cause significant
neurocognitive sequelae3-5 .Therefore it is
important to control the settings to assure optimal
oxygenation to gain the benefits while minimizing
the adverse effects for a favourable outcome.
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before 34 weeks of gestation, with a birth weight of
less than 1.5 kg needing ventilatory support, both
invasive and non-invasive at the NICU of SJGH.
Neonates who were diagnosed to have established
bronchopulmonary
dysplasia,
pulmonary
hypertension, cyanotic heart disease, major
congenital anomalies and neonates receiving only
palliative care, were excluded from the study.
Trend of oxygen saturation (SpO2) by pulse
oximetry and related ventilator settings were
prospectively studied twice daily at 8 am and 2pm.
Before noting down the pulse oximetry value, SpO2
trend was observed for 10 minutes and the most
persisting value was taken as the SpO2 at the time
of observation, to minimize observational bias.
With regard to ventilator settings, determinants of
oxygenation, i.e. FiO2, MAP (PiP/Ps and PEEP)
were recorded. Data was analysed using SPSS 20.
Observations with SpO2 >95% were taken as
hyperoxic events while observations with SpO2
<91% were taken as hypoxic.

Most recent studies (SUPPORT, BOOST II) have
shown oxygen saturations of 91-95% in preterm
neonates maximize survival while minimizing
potential side effects4,5. Since oxygenation
depended on the fraction of inspired oxygen (FiO2),
inspiratory time and mean airway pressures (MAP),
which in turn depends on the peak inspiratory
pressure (PiP) and the positive end expiratory
pressure (PEEP), by controlling the above variables
optimal oxygen saturations can be ensured4.
In a systematic review done by Van Zanten HA, et
al, it was found that in 12 studies selected,
compliance in maintaining target oxygen saturation
in preterm neonates receiving oxygen therapy is
low, especially in maintaining the SpO2 below the
upper limit6. In a multicentre study, Hagadom et al
observed that SpO2 was below or above the target
range in 0-47% and 5-90% respectively of the
monitored time7. A study done by Van der Eijk et
al reported similar results8. A study including
infants receiving supplemental oxygen with CPAP
revealed in 9% SpO2 was below and in 90% SpO2
was above the target range6. Further, several root
causes were identified for hyperoxia in preterm
neonates
in
previous
studies
including
inappropriately set alarms, lack of awareness of
consequences of hyperoxia and increased
workload3,6. Thus, this study was done as the first
step in minimizing incidences of hyperoxia among
ventilated preterm neonates in the unit.

Results
Ten preterm neonates were included in the study of
which 3 (30%) were extremely preterm. The
maturity ranged from 27 weeks of gestation to 33
weeks. Their mean birth weight was 1.24kg
(SD=0.43) and 5 (50%) were extremely low birth
weight. A total of 211 observations was made
during the study period. Both invasive [controlled
mandatory ventilation (CMV), synchronised
intermittent mandatory ventilation (SIMV)] and
non-invasive modes [non-invasive intermittent
positive pressure ventilation (NIPPV), nasal
continuous positive pressure ventilation (NCPAP)]
were used in providing respiratory support in the
study population. Most of the times (74.4%,
157/211) an invasive mode of respiratory support
was given and in 73% of the observations SIMV
mode was used while CMV was used least (1.4%).
This is shown in Table 1.

Objectives
To study the trend of peripheral oxygen saturation
(SpO2) maintained in ventilated (both invasive and
non-invasive) preterm neonates at the neonatal
intensive care unit (NICU) of Sri Jayewardenepura
General Hospital (SJGH).
Method
A study was carried out in the last 2 weeks of
March, 2018 involving preterm neonates born

Table 1: Frequencies of modes of ventilation used
Mode of ventilation
Synchronised intermittent mandatory ventilation (SIMV)
Controlled mandatory ventilation (CMV)
Non-invasive intermittent positive pressure ventilation (NIPPV)
Nasal continuous positive pressure ventilation (NCPAP)
Most of the time (74.9%, 158/211) SpO2 was
maintained above 95% and only in 24.6% (52/211)
of the observations, the SpO2 was in the accepted
range (91%-95%). Out of these, in 22 (13.9%) of
the observations SpO2 was maintained at 100%.
Only one observation had a SpO2 of <89%. In the

Frequency (%)
154 (73.0)
03 (01.4)
47 (22.3)
07 (03.3)

majority (74.1%) of the observations with SpO2
>95%, the mode of ventilation was SIMV. Use of
different modes of ventilation in observations with
a SpO2 >95% is shown in Figure 1
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Figure 1: Use of different modes of ventilation in observations with a SpO2 >95%
Frequencies of FiO2 used according to different
ventilatory modes in observations with a SpO2
>95% are shown in Table 2. FiO2 of these
observations ranged from 21% to 60%.

Interestingly, in 94/158 (59.5%) of above
observations FiO2 was 21% and only in 7
incidences FiO2 was 40% or above.

Table 2
Frequencies of FiO2 used according to different ventilatory modes in observations with a SpO2 >95%
Mode/FiO2
21-30%
31-40%
41-50%
51-60%
Non-invasive intermittent positive pressure ventilation
29
02
01
01
Synchronised intermittent mandatory ventilation
112
05
Controlled mandatory ventilation
02
01
Nasal continuous positive pressure ventilation
05
In the above category peak inspiratory pressures
used ranged from 6H2Ocm to 22H2Ocm with a
mean PiP of 15.5H2Ocm (SD=3.3). A PiP of
22H2Ocm was only used in NIPPV mode.

was 25.3% and in the other group 22.9%, which
was statistically significant (p=0.0007). There was
no statistical difference in the pressures used in the
two groups (p=0.46).

Analysis of the ventilator settings used in
incidences with a SpO2 of >95% revealed that in
observations with an invasive mode of ventilation,
29.1% (35/120) had minimum settings defined as a
PiP of 14 H2O cm, FiO2 of 21%4. Among babies
with non-invasive modes, 68.4% (26/38) of
observations had a FiO2 of 21%. Therefore in
59.5%(94/158) of the instances there was no room
to reduce FiO2 further and in 29.1% of the
instances with an invasive mode of ventilation
there was no room for further reducing both the
FiO2 and the PiP to obtain a lower SpO2.

With regard to the birth weight, in 71.1% of the
instances SpO2 was >95% in extremely low birth
weight preterm neonates whereas in preterm
neonates with a birth weight of >1000 g, in 82.6%
of the instances SpO2 was >95%. There was no
significant difference between the FiO2 used in the
2 groups (p=0.078).
Discussion:
It is clear, in practice more focus was on preventing
hypoxia rather than hyperoxia which was also
revealed in other studies. The study on
“Maintaining optimal oxygen saturations in
preterm neonates” revealed that in setting SpO2
alarms, though the hypoxia alert was set
appropriately, the upper alarm limit was commonly
set at ≥98%3. Also, a systematic review done by
Van Zanten HA, et al revealed low compliance on
oxygen targets and inappropriate alarm settings6.

When considering the gestational age of the
observed preterm neonates, in extremely preterm
neonates SpO2 was maintained above 95% in
67.2% of the observations, whereas in neonates
with a gestational age of 28-34 weeks, SpO2 was
>95% in 83.7% of the observations. There was no
statistical significance in the mean SpO2
maintained in extremely preterm babies and babies
with a gestation of 28-34 weeks (96.4% Vs 97.0%).
The mean FiO2 used in extremely preterm neonates

In our study, observations were made only twice a
day whereas in the study done by Lau YY, et al
observations were made throughout the day every
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15 minutes apart and the percentage of time with a
higher SpO2 value was documented3. Though this
method will give more accurate results it needs
more technical facilities such as multi-para
monitors for each neonate allowing continuous
SpO2 monitoring and to retrieve recorded values.
Also this requires more human effort which was a
practical obstacle in our setting. However, the
results of our study (i.e. in 74.9% of the instances
SpO2 was >95%) were consistent with the previous
studies which showed that incidences of hyperoxia
ranged from 30%-90% prior to interventions3, 6.

staff on optimal SpO2 levels, etc.) would be
beneficial in improving the quality of care.
To minimize maintenance of higher SpO2 levels in
preterm neonates in the unit, algorithms for
titrating FiO2, aiming at maintaining optimal SpO2
levels as done in previous studies and using visual
reminders to minimize episodes of hyperoxia and
for correct alarm setting are suggested. Finally in
keeping up with plan-do-study-act cycle
conducting the same study after implementations to
assess the improvement is needed.

Interestingly, in the study, most of the observations
with SpO2 >95% had low ventilator settings. FiO2
was 21% in nearly 60% of the observations with
higher SpO2. Even though most of the observations
with a higher SpO2 had comparatively low settings
at times there was space to come down on
ventilator settings. However due to limitations in
observations made, and influence of other factors
which were not explored more expanded studies
are needed for a clear understanding.

Conclusions
SpO2 of preterm infants were maintained at higher
levels at most instances in our unit. Though low
ventilator settings were used at most instances, still
there was room for improvement.
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