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ABSTRACT

Non-judicious oxygen use in preterm infants is associated
with increased risk of retinopathy of prematurity,
bronchopulmonary dysplasia and longer hospital stay.
Despite established guidelines on oxygen therapy,
compliance with the best oxygen practices remains
suboptimal. Excessive use of oxygen also consumes a
large proportion of the annual maintenance budget of
special newborn care units (SNCUs) in the districts. In this
project, we aimed to reduce the oxygen consumption in
the SNCU at Sehore, Madhya Pradesh, India from eight

to four cylinders per day, by rationalising the indications,
monitoring and method of oxygen delivery.

We tested two sets of interventions using the Plan-Do—
Study—Act (PDSA) approach. The first intervention was
the introduction of a written ‘oxygen policy’ regarding
indications of starting/stopping oxygen and the use of
saturation targets. The second was using short binasal
infant prongs (at 0.5—1 L/min), instead of oxygen hoods as
the primary method of oxygen delivery in spontaneously
breathing neonates requiring oxygen. In the first PDSA
cycle, we assessed the feasibility of the intervention in

a small set (n=30) of neonates and later scaled up to all
eligible neonates in the second phase.

We observed a significant reduction in oxygen
consumption (from median (IQR) 8 (7-8) to 3 (3—-4)
cylinders per day) that can lead to a direct saving of

590 000 Indian rupees (US$9000) per year. There was a
significant reduction in the number of neonates on oxygen
support on a given day. We did not observe any increase in
mortality or nasal injury. The change was sustained for the
next 8 months.

We conclude that by having a contextual oxygen policy
and using nasal prongs instead of oxygen hoods as the
preferred delivery method, we can achieve a sustainable
reduction in oxygen consumption.

BACKGROUND

Oxygen is the most used drug in neonatal
intensive care units. Though judicious use
of oxygen is lifesaving, excessive exposure
of preterm neonates to oxygen increases the
risk of retinopathy of prematurity (ROP) and
bronchopulmonary dysplasia, and prolongs
the hospital stay.! Oxygen usage consumes
a large proportion of the annual mainte-
nance budget of the special newborn care

units (SNCUs) in India. Previous studies
have highlighted multiple barriers including
limited or no access to pulse oximetry, inade-
quate staffing, lack of knowledge and training
among the healthcare staff in ensuring
optimal oxygen therapy in children.”® Some
of few bottlenecks are system driven and
require additional resources, but many of
them can be managed using simple interven-
tions.”*

Problem

At Sehore SNCU in Madhya Pradesh, India,
oxygen consumption was exceedingly high
(8-10 jumbo cylinders/day), and a significant
portion of the annual maintenance budget
was spent on the procurement of oxygen.

Setting

The government of India has established
SNCUs in each district to provide level II
care to sick and preterm neonates. The
SNCU at Sehore, Madhya Pradesh is a typical
20-bedded, government-funded, level II care
unit, staffed by 4 doctors (one paediatrician
and three medical officers) and 20 nurses.
Sharing of bed by two or more neonates is a
common scene. In each shift, a single doctor
looks after the neonates as well as emergen-
cies, and attends resuscitation calls. The
bedside nurse has a major role and often has
to make management decisions, in telephonic
consultation with the doctor. The main
morbidities among the SNCU admissions
are prematurity, low birth weight, respiratory
distress, sepsis, birth asphyxia and hyper-
bilirubinaemia. Nearly 3000 sick neonates
are admitted per year, of which 65%-70%
receive oxygen. The SNCU has two bubble
continuous positive airway pressure (CPAP)
machines and used hoods as the primary
mode of oxygen delivery. Oxygen is supplied
as jumbo cylinders which are connected
through a mini-manifold and are refilled as
required. The SNCUs follow Facility Based

BM)

Parmar J, et al. BMJ Open Quality 2021;10:e001386. doi:10.1136/bmjog-2021-001386 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4742-8787
http://orcid.org/0000-0002-4928-2497
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjoq-2021-001386&domain=pdf&date_stamp=2021-07-22

Newborn Care (FBNC) guidelines which recommend
flow rates of 5-10L/min while using an oxygen hood.”

Rationale

Oxygen hood is a high-flow device (4-6L./min) and leads
to a lot of wastage, whereas nasal prongs are low-flow
devices requiring a flow rate of 0.5-1L/min in neonates.
We can save 5000-7000L of oxygen per neonate per
day, by switching from hood to nasal prongs. The WHO
strongly recommends use of nasal prongs for neonates.’
If we follow the best practices of oxygen therapy, a signifi-
cant reduction in consumption can be achieved.

Specific aim

We aimed to reduce the oxygen consumption in Sehore
SNCU from eight cylinders per day to four cylinders
per day (50% reduction) within 8 weeks using a quality
improvement (QI) approach.

METHODS

Design

We executed the following steps: (1) formation of a QI
team comprising SNCU in-charge paediatrician, one
medical officer and two nurses; (2) collection of base-
line data comprising daily admissions, number of infants
receiving respiratory support (oxygen hood and CPAP)
on a given day, duration of oxygen therapy, number of
oxygen cylinders consumed per day and mortality for
3weeks (1-21 December 2017); (3) identification of
possible reasons for increased oxygen consumption using
fishbone analysis (figure 1); (4) group discussion to elicit
change ideas; and (5) testing change ideas using a series
of Plan-Do-Study-Act (PDSA) cycles.

Measurements and analysis

Our primary outcome measure was the number of oxygen
cylinders consumed per day. As a balancing measure, we
tracked the number of admissions, the number of neonates
receiving oxygen, CPAP and mortality. The SNCU online
database was used to extract some of these parameters
including the duration of hospital stay and duration of
oxygen use for more than 24 hours. There were concerns
from the staff that the cost of nasal prongs will add to the
budget, therefore, we also did a crude cost analysis. We
used descriptive statistics for the baseline variables and X*
test or one-way analysis of variance or Kruskal-Wallis test
as applicable for comparison of the parameters across the
epochs. We used run charts to display the serial measure-
ments. SPSS V.21 was used for statistical analysis and a p
value of less than 0.05 was taken as significant. We used
Standards for Quality Improvement Reporting Excel-
lence V.2.0 guidelines for reporting.

Patient involvement
Patients were not directly involved in the implementation.

Strategy

We used the PDSA cycle approach for quality improve-
ment. Feasibility was tested in PDSA cycle 1. Various inter-
ventions were tested in three subphases during PDSA
cycle 2. These were followed by the sustenance phase. The
details of various PDSA cycles are described in table 1.

PDSA cycle #1

In the first PDSA cycle (22 December 2017-5 January
2018), we drafted an ‘oxygen policy’ after having group
discussions involving SNCU in-charge paediatrician,
medical officers and the staff nurses. The policy was
approved by the chief medical officer of the hospital.
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Table 1 Details of Plan-Do-Study-Act (PDSA) cycles
PDSA cycle When Plan Do Study Act
1 22 Dec 2017-5  Assess the feasibility P> In 30 random neonates, use P All 30 were successfully » Develop SOP and train
(n=30) Jan 2018 of starting nasal of nasal prongs as primary started on nasal prongs. nurses in fixation of prongs.
prongs and implement respiratory support. » There were no nasal » Decision of starting oxygen to
oxygen policy P> Assess nasal injury, injuries; two neonates had be taken by the triage nurse
tolerability of prongs, mild desaturations due to after checking saturation.
difficulties in fixation, fitting, dislodgement and were » All neonates deemed eligible
desaturations and need for switched to hood. for oxygen therapy will be
switching to oxygen hood. » Nurses and mothers were started on nasal prongs at
» Subjective experience of happier. They could observe 0.5-1 L/min.
mothers and nurses the babies better. » Continuous pulse oximetry
P> Assess daily (1) proportion » Oxygen saturation recorded will be prioritised for babies
where saturation checked in all before initiating oxygen. on CPAP or who have
before starting oxygen at » Continuous pulse oximetry frequent desaturations or
triage, (2) proportion on could be done in 12 (40%), increased work of breathing.
continuous and intermittent intermittent monitoring could For rest, intermittent (every
pulse oximetry, (3) proportion be done in rest; oxygen 2 hours) monitoring will be
in whom starting and starting and stoppage done.
stoppage of oxygen was documented in all. » Document the start and
documented. stoppage of oxygen along
with indication.
2 (A) Universal application P> Assess compliance to use of » 100% compliance to nasal » Doctor to enquire the reason
(n=292) 6 Jan 2018-19 of adapted oxygen nasal prongs as in all eligible prongs use as primary for continuation of oxygen
Jan 2018 policy to all eligible neonates. respiratory support. during bedside rounds.
neonates » Record the number of babies P Rare failures. » Nurse will document the
with nasal prongs failure due » Oxygen cylinder consumption reason for continuing oxygen.
to dislodgement. decreased.
» Record daily oxygen cylinder P Less attention to stopping
consumption. oxygen.
B) All above+ » Capacity building of nurses in
20 Jan 2018-2 » Ongoing education and P In 2 neonates with moderate the identification of moderate
Feb 2018 sensitisation of staff, weekly respiratory distress, hiking to severe respiratory distress
meetings and appreciating of respiratory support from for timely escalation of
weekly champions. nasal prongs to CPAP was respiratory support
delayed.
©) All above+ » Daily number of babies on » Finalise modifications in
3 Feb 2018- » Training of nurses in oxygen decreased, however oxygen policy and SOP.
16 Feb 2018 assessing severity of number of admissions » Plan audits, feedback and
respiratory distress to identify remained the same refresher training
babies needing CPAP and » Number of neonates
empowering them to initiate receiving CPAP increased.
CPAP. No change in nasal injury and
mortality rates
Sustenance 21 Feb 2018-30 Dissemination and P Disseminate the final policy ~ Monthly audits
phase Sep 2018 regular audit plan and SOP. » Compliance with oxygen
(n=1005) Record cylinder policy
consumption. » Number of admissions,
» Monthly meeting, audit, number of babies receiving
refresher training and oxygen, number of oxygen
feedback. cylinders used.
» Mortality.

CPAP, continuous positive airway pressure; SOP, standard operating procedure.

The key highlights of the policy were (1) at admission
triage, the staff nurse will first check oxygen saturation
and assess for respiratory distress, and the decision for
starting oxygen will be based on these two parameters.
The previous practice was to first start oxygen by the
hood in all babies reporting to the triage and then do
the assessments. (2) All those who meet the criteria for
oxygen supplementation shall be started on nasal prongs
oxygen at 0.5-1L/min. The contraindications of using
nasal prongs will be the presence of congenital airway
anomaly, pre-existing nasal trauma or poor respiratory
efforts. (3) Whenever possible, continuous pulse oximetry
will be used and oxygen flow in the nasal prongs titrated
based on saturation targets. If number of pulse oximeters
is not sufficient, intermittent readings will be taken every

2 hours. (4) The starting and stoppage of oxygen therapy
will be documented along with the indications.

The staff were in agreement on all aspects of the policy,
except the universal use of nasal prongs. They were
apprehensive as they had not used them earlier. There-
fore, our first PDSA cycle aimed at assessing the feasibility
and safety of using nasal prongs. We randomly enrolled
30 neonates (two neonates per day) needing oxygen as
per policy and applied nasal prongs in them. To assess the
safety and feasibility of using nasal prongs, we recorded
details of nasal trauma, tolerability of prongs, any diffi-
culty in using prongs, whether the prongs fit well or not,
and desaturations if any. In the case of desaturations,
the nurses first ensured that the prongs were within the
nostrils and properly fixed, and then hiked the flow rate
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to 1L/min. If the desaturations persisted, they switched
to oxygen hood or CPAP depending on the severity of
respiratory distress. In this PDSA involving 30 neonates,
we observed desaturations in two neonates. Both
neonates were on continuous pulse oximetry monitoring
and the desaturations were mild. During these episodes,
the nasal prongs were found dislodged from the nostrils
due to improper fixation. Following this, a standard
operating procedure was created for the fixation of nasal
prongs, and all nurses were trained until they became
confident. To assess compliance to the new oxygen policy,
we recorded the following parameters on daily basis: (1)
proportion of neonates reporting to triage, in whom the
staff nurse first checked oxygen saturation before starting
oxygen, (2) proportion of neonates on oxygen in whom
continuous and intermittent pulse oximetry were used,
(3) proportion of neonates on oxygen, in whom starting,
and stoppage of oxygen was documented.

During this PDSA, the team confirmed that we do
not have enough pulse oximeters for continuous moni-
toring of all neonates on oxygen. However, intermittent
monitoring was feasible in all neonates on supplemental
oxygen. Therefore, we decided to prioritise the contin-
uous saturation monitoring for neonates who were on
CPAP support or who were having frequent desaturations
or increased work of breathing. For stable neonates on
supplemental oxygen, we planned to use continuous
pulse oximetry only if a pulse oximeter was spare, else to
use 2-hourly intermittent monitoring.

PDSA cycle #2

We conducted the second PDSA from 6 January to
16 February 2018, over 6 weeks targeting all admitted
neonates requiring oxygen therapy. This PDSA cycle had
three subphases A, B and C (table 1). We continued the
ongoing training comprising education about the revised
oxygen policy, saturation targets, importance of pulse
oximetry and early identification of nasal trauma. To
keep the enthusiasm, we held weekly meetings to discuss
the progress and introduced the practice of recognising
the nurse champion of the week who showed the best
compliance to the oxygen policy in the past week. After
2weeks, we noticed that the nurses were confident in
deciding when to start oxygen therapy, but less attention
was being given to stopping oxygen. Therefore, we intro-
duced a new change that in each shift, the doctor will
enquire the reason for continuing oxygen therapy in the
bedside rounds and the nurse will document the reason
in the notes. During this period, the team identified two
neonates with moderate respiratory distress, in whom the
hiking of respiratory support from nasal prongs to CPAP
was delayed. The reason was inability of the physician to
visit and examine the infants to take a decision, due to
preoccupation in the delivery room. Discussions revealed
that this was not an uncommon scenario. In the weekly
team meeting, it was decided to train the nurses for better
identification of moderate to severe respiratory distress
and empower them to initiate CPAP. With the help of

videos and demonstrations, they were trained to catego-
rise the severity of respiratory distress and identify those
needing CPAP. They were authorised to initiate CPAP
with information to the on-call duty doctor. As the nurses
were confident in using nasal prongs, in this phase, we
limited data recording to the number of babies admitted,
number requiring oxygen, number of oxygen cylinders
consumed, nasal injury and mortality.

Sustenance phase

Following the two PDSA cycles, the use of nasal prongs
became a routine practice instead of oxygen hood, and
the staff were happy about it. The initially drafted oxygen
policy was modified and finalised to accommodate the
learning and changes made during its testing. During
this phase (21 February 2018-30 September 2018), we
continued with monthly audits of compliance to compo-
nents of oxygen policy, number of admissions, number
of babies receiving oxygen, oxygen cylinder consumption
and mortality.

RESULTS

In the baseline period, a total of 133 neonates were
admitted, of whom 107 (80.4%) received oxygen. Among
them, 68 (64%) received oxygen for more than 24 hours.
All were given oxygen through hood and on average,
eight jumbo oxygen cylinders were consumed per day.

In the first PDSA (feasibility phase), in 2 of the 30
neonates, there were recurrent but mild desaturations due
to improper fixation, and both neonates were switched to
headbox. In the remaining 28 of 30 neonates, we did not
face any difficulty in using nasal prongs and they tolerated
it very well. None of the neonates had nasal trauma. In
all 30 neonates, nurses first checked oxygen saturation at
triage before deciding to start oxygen. Continuous pulse
oximetry was used in 12 (40%) neonates only, however, we
were able to record and document intermittent oxygen
saturation at 2-hourly intervals, in all eligible neonates.
The nurses documented the time and reason for starting
and stopping oxygen therapy in all 30 neonates.

During the second PDSA cycle (intervention phase), a
total of 296 neonates were admitted, of whom 230 (77.8%)
received oxygen therapy at admission. As compared with
baseline, there were no differences in the demographic
parameters or proportion of neonates requiring oxygen
at admission (table 2). We observed a significant reduc-
tion in the consumption of oxygen cylinders from median
(IQR) 8 (7-8) per day to 3 (3-5) per day (figure 2). More-
over, this change was sustained over the next 8 months—
median (IQR) 3 (3-4) (figure 3).

With the introduction of ‘oxygen policy’ and changes
made in it during the second PDSA cycle, we were able
to discontinue oxygen within 24 hours of admission in
a significantly higher proportion of neonates who were
started on oxygen at admission, as compared with the
baseline situation (64.7% vs 36.4 %, p<0.001) (table 2).
This led to a 45% reduction in the number of neonates
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Table 2 Comparison of parameters between three epochs

Intervention

Baseline Feasibility phase phase
Parameter (3 weeks) (15 days) (6 weeks) P value*
No of neonates admitted 133 101 296
Gestational age (weeks) 36.4 (1.9) 35.9(2.2) 36.3 (1.9) 0.1
Mean (SD)
Birth weight (grams) 2443 (576) 2376 (614) 2375 (588) 0.6
Mean (SD)
Age at admission 0 (0-4) 0(0-2) 0 (0-3) 0.5
Median (1st-3rd quartile)
Male 82 (61.7) 73 (72.3) 176 (59.5) 0.07
Hospital stay (days) 2(1-4) 2 (1-3) 2 (1-3) 0.009
Median (1st-3rd quartile)
No of neonates requiring oxygen therapy (%) 107 (80.4) 80 (79.2) 230 (77.8) 0.8
No of very low birthweight neonates 7 (5.3 7 (6.9) 15 (5.1) 0.8
Neonates in whom oxygen was stopped within 39 (36.4) 149 (64.7) <0.001
24 hourst
Oxygen cylinder consumption median (IQR) 8 (7-8) 8 (7-8) 3 (3-5)
Nasal injury 0 0 0 -
Died at hospital 12 (9.0) 8(7.9) 17 (5.7) 0.4

Values are presented as n (%) unless specified.

*X? test/one-way ANOVA/Kruskal-Wallis test as applicable.
tDenominator is number of neonates requiring oxygen.
ANOVA, analysis of variance.

on oxygen on a given day from a median of 11 per day to
6 per day (figure 4A).

As balancing measures, we also tracked the mortality
and the number of neonates requiring higher respira-
tory support (CPAP). There was no significant differ-
ence in mortality in the baseline, feasibility phase and

intervention phases. However, we observed a signifi-
cant increase in the daily number of neonates on CPAP
support (figure 4B). It most likely reflects the effect of
education and empowerment of nurses in identification
of moderate to severe respiratory distress and timely
hiking of respiratory support. In the pre-intervention

No. of
Cylinders

PDSA #1
6 (Feasibility Phase)

Baseline ( 3 weeks)

4 [<Goal >
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]

Figure 2 Run chart showing the number of oxygen cylinders consumed per day during the baseline, feasibility and intervention

phase. PDSA, Plan-Do-Study-Act.
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Figure 3 Run chart showing the number of oxygen cylinders consumed per week during sustenance phase.

period, if a neonate had worsening respiratory distress,
the bedside nurse used to increase the oxygen flow rate
and waits for the doctor to examine the baby and take a
decision. As there is a single doctor in a shift attending to
SNCU babies, outpatient department as well as delivery
room, and doing administrative work, this often led to
delay. Therefore, the nurses were trained in timely iden-
tification of moderate to severe respiratory distress and
empowered to initiate CPAP. They were also retrained
in setting up of CPAP machine and titrating the positive
end expiratory pressure and fractional inspired oxygen as
per need. We also observed a significant reduction in the
daily census in the intervention phase (figure 4C) as well

as the overall duration of hospital stay for each neonate
(table 2). As there was no reduction in weekly admissions
(rather there was an 11% increase), this change is likely
a result of early weaning from oxygen therapy combined
with another QI initiative of early initiation and rapid
advancement of feeds.

Qualitative feedback

We received positive feedback from the nurses and
mothers. Nurses felt that it was easy to apply and main-
tain nasal prongs. Also, it was much easier to observe
the babies and administer gavage feeds to neonates on
nasal prongs. Mothers were also happy that they can even

|Neonates on Oxygen Therapy

No. of Neonates

No. of Neonates

"7 Days

Figure 4 Run charts showing (A) number of neonates on oxygen, (B) CPAP and (C) total census, on a given day. CPAP,

continuous positive airway pressure.
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breast feed their babies while they are on nasal prongs,
which was not feasible previously on oxygen hoods.

Cost analysis

There was apprehension that the use of disposable nasal
prong for each neonate requiring oxygen will incur
additional costs and may further adversely affect the
budget. Therefore, we did a crude cost analysis taking
existing rates and conversion units of March 2018 into
account. In March 2018, the cost of refilling a jumbo
oxygen cylinder was 360 Indian rupees (approximately
US$5.5), and that of nasal prong was 15 Indian rupees
(approximately US$0.2). During the baseline period of
3 weeks, we spent approximately 57 000 Indian rupees
(79% of maintenance budget of this period) on refilling
of oxygen cylinders. During the intervention (6 weeks)
and sustenance (32 weeks) phases, the total expenditure
for refilling and nasal prongs was 63 210 Indian rupees
(42% of budget) and 288 000 Indian rupees (38% of
maintenance budget), respectively. As compared with the
baseline, we saved 260 Indian rupees (US$4) per neonate
requiring oxygen, during the intervention phase and 295
Indian rupees (US$4.5) during the sustenance phase.
This does not include the savings on the cost of oxygen
hoods. Annually about 2000 neonates receive oxygen in
the SNCU and this can translate to a saving of US$9000
(~48% of annual maintenance budget).

DISCUSSION

We showed a significant and sustained decline in the
consumption of oxygen cylinders using the principles of
QI, within existing resources and manpower. We could
achieve a 63% reduction in the consumption of oxygen
cylinders and more than 40% of the annual maintenance
budget. The interventions were simple and can be repli-
cated in any resource-limited settings. The savings from
the budget can be used for other essential requirements
like meeting the shortage of pulse oximeters.

In the first cycle of PDSA, everyone agreed that there is
aneed for an ‘oxygen policy’ and we should actively look
for opportunities to stop oxygen early. In India, FBNC
guidelines of 2011 are followed in all SNCUs. FBNC guide-
lines endorse all the components of oxygen policy formu-
lated by us except the use of nasal prongs. The FBNC
guidelines give option of using nasal prongs or oxygen
hood or nasal catheter.” The updated WHO guidelines
recommend the use of nasal prongs and were shared and
discussed with the team members.® However, as with any
change in practice, initially there were apprehensions for
using nasal prongs. We valued the team’s apprehensions
and concerns and tested the change at a small scale. The
problems faced in the small test were addressed and the
confidence of the staff increased. The acceptance by the
nursing staff and their active participation is reflected
in the sustenance of the change after 8months. The
nursing staff felt that they had become more confident
in managing neonates on oxygen and taking decisions of

increasing or downgrading the respiratory support. The
cost analysis helped in convincing the state policymakers
and administrators. They were happy to ensure a regular
supply of nasal prongs and extend the practice to other
SNCUs of the state.

Oxygen is the most commonly misused drug in the
neonatal period.® Studies have shown that irrespective
of the diagnosis, more than 90% of the spontaneously
breathing infants receiving oxygen by headbox are
hyperoxemic.” Most of the level II SNCUs in India face
overcrowding and lack sufficient pulse oximeters for
continuous oxygen saturation monitoring, therefore
further increases the risk of adverse effects (like ROP)
secondary to hyperoxemia. The WHO updated its oxygen
policy in 2016 and recommended using nasal prongs
while discouraging the used of oxygen hood. The forth-
coming revision of national FBNC guidelines will be
modifying the recommendations in favour of using nasal
prongs. Active efforts are required to reduce the gaps
between evidence and policy in a timely manner. This can
be achieved by formulation of scientific expert groups in
collaboration with professional associations, tasked with
providing real-time updates in policies. The utilisation of
oxygen in the SNCUs should be evaluated regularly and
correlated with ROP rates and all-cause mortality.

There is inadequate knowledge and lack of adherence
to saturation targets.'” Nurses can play a pivotal role in
ensuring optimal oxygen therapy and therefore reducing
its undesirable consequences like ROP."' Similar context
adapted changes in the oxygen delivery practices have
helped in achieving better compliance to the best oxygen
therapy practices in other settings.”*'*'* With improving
survival of premature neonates in level I SNCUs, the ROP
burden is also increasing, and by using packages of simple
QI measures, we can contribute to controlling the third
epidemic of ROP in developing countries.'"* We could
not assess the impact on ROP during the study period
because of transfer-out of the district ophthalmologist.

CONCLUSION

We were able to rationalise and reduce the use of oxygen in
the SNCU by introducing a context-specific oxygen policy
and adapting it as per recommended best practices. We
were able to reduce the amount of oxygen consumed and
save a significant amount of annual maintenance budget.
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