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Abstract
Purpose

Newborn infant is particularly vulnerable around the time of birth and events during this period can have
impact on survival and neurodevelopmental outcomes.  Having trained personnel with familiar
equipment is of paramount importance. We aimed to explore the neonatal training experience of birth
attendants in New South Wales (NSW) and Australian Capital Territory (ACT) and explore the variations in
respiratory management and equipment use at birth.

Methods

We contacted 119 non-tertiary units in NSW/ACT by a written survey followed by telephone contact. A set
questionnaire was offered, asking for details of the availability and skill levels of staff at neonatal
resuscitation, and of the equipment available at all births.

Results

Staff from 103 out of 119 units (87%) participated in the study. Resuscitation at all metropolitan units
was supported by quali�ed Paediatricians whereas midwives provided neonatal resuscitation as the �rst
responder in a non-metropolitan unit, with support from a general medical practitioner. Twenty two
percent of non-tertiary units relied on external agencies or online support for neonatal resuscitation
training. Three quarters of the units used a T-piece resuscitator as the primary device to provide positive
pressure ventilation, 65.3% of non-metropolitan units had blenders available, and 19% of units
administered some oxygen at initiation of resuscitation. Thirty eight percent units responded having no
prior knowledge of the pressure relief valve setting.

Conclusion

Equipment and availability of trained personnel for neonatal resuscitation in non-tertiary birthing units
across NSW and ACT wary widely. The resources to provide training and education are variable.

What Is Known
Neonatal resuscitation is widely performed around Australian non-tertiary birthing units.

There is a wide variation in practices around resuscitation skills and use of equipment across birthing
units world wide.

What Is New
There is variation in the availability, training and use of neonatal resuscitation equipment in non-tertiary
birthing units around Australia.
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Non-tertiary birthing unit especially non-metropolitan units continue to have limited ability to blend air
and oxygen.

Access to training and education for neonatal resuscitation is variable across the units.

Introduction
Newborn resuscitation is widely performed globally and of the estimated 140 million newborn infants
born annually around the world, almost 5% receive positive pressure ventilation (PPV) [1]. The NSW
Health recommendation, supported by the Australian Resuscitation Council (ARC), mandates personnel
trained in advanced neonatal resuscitation must be on call for low risk and in attendance of high-risk
births [2]. Failure to provide adequate support and resuscitation at birth could lead to long term morbidity
and increased mortality. Improved resuscitation training and skills which are regularly updated could
result in reduction of early neonatal mortality [3]. There is a wide variation in practices around
resuscitation skills and use of equipment. Foster et al surveyed health personnel across the birthing units
in NSW and ACT in 2006, and reported a lack of effective neonatal resuscitation training among birth
attendants especially in non-tertiary units [4]. The availability or use of resuscitation devices, equipment
and use of oxygen at birth varies around the world and across Australia and New Zealand [5, 6].

Our study aimed to:

1. Investigate the availability of adequate equipment for neonatal resuscitation at birth in non-tertiary
birthing units in NSW and ACT

2. Examine the differences in practice between metropolitan and non-metropolitan units
3. Evaluate training resources available for neonatal resuscitation

Methods
We surveyed neonatal resuscitation practices in various non-tertiary birthing units in NSW and ACT in
2017, speci�cally, personnel, the availability, types and utilisation of equipment and staff education.
Hospitals in Australia are classi�ed by the Australian Institute of Health and Welfare into “Peer groups”
from A to D, group A being tertiary down to group D remote units [7]. NSW/ACT is divided into seven rural
and regional and eight metropolitan regions. The non-tertiary birthing units (public and private hospitals)
were identi�ed from the NSW Local Health Districts and Specialty Network [8]. One hundred and nineteen
units were identi�ed. The nurse unit managers and/or nurse educators of the birthing suite / special care
unit were contacted by a web-based survey (SurveyMonkey®) questionnaire. In the absence of a
response after four weeks, a reminder was sent, followed by further phone contact if necessary. Ethical
approval was granted by the local ethics committee as a quality assurance project. (Western Sydney
Local Health District, Human Research Ethics Committee, 4256 QA). Data were collected in an Excel
spread sheet and analysed using Stata Statistical software version 14 (Stata Corp., College Station, TX,
USA). Pearson’s chi-squared test was used to compare data.
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Results
One hundred and three of the 119 (86.5%) units surveyed responded, of which 28 (27.2%) were
metropolitan and 75 (72.8%) were non-metropolitan (Table 1). The non-metropolitan birthing units were
smaller in size, with almost 75% units birthing fewer than 500 babies annually, compared to metropolitan
units where more than 89% units birthed over 1000 babies annually.
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Table 1
Comparison of metropolitan versus non-metropolitan units

n = 103 Metropolitan

(n = 28)

Non-
metropolitan

(n = 75)

p-
value

Number of births per year

< 100

100–500

501–1000

> 1000

0 (0%)

3 (10.7%)

6 (21.4%)

19 (67.9%)

28 (37.3%)

29 (38.7%)

6 (8%)

12 (16%)

0.000

Most specialised level of medical support at
resuscitation

Paediatrician

Medical o�cer/general practitioner

27 (96.4%)

1 (3.6%)

27 (36%)

48 (64%)

< 
0.001

Who provides training?

Paediatrician

Nurse educators

Online/external agencies

8 (28.6%)

17 (60.7%)

3 (10.7%)

6 (8%)

49 (65.3%)

20 (26.7%)

0.004

Blenders to deliver oxygen at resuscitation 27 (96.4%) 49 (65.3%) < 
0.001

Air vs oxygen at resuscitation

Air

Oxygen

24 (85.7%)

4 (14.3%)

63 (84%)

12 (16%)

0.348

First choice of equipment

T-piece device

Self-In�ating Bag

26 (92.9%)

2 (7.1%)

52 (69.3%)

23 (30.7%)

0.013

Self-in�ating bag

Disposable

Re-usable

22 (78.5%)

6 (21.4%)

66 (84.6%)

12 (15.4%)

0.07
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n = 103 Metropolitan

(n = 28)

Non-
metropolitan

(n = 75)

p-
value

Initial peak inspiratory pressure at resuscitation

25 cm H2O

30 cm H2O

Other/not known

17 (60.7%)

11 (39.3%)

0

38 (50.7%)

17 (22.7%)

20 (26.6%)

0.01

Pressure relief valve setting (cm H2O)

≤ 40

> 40

Not known

18 (62.3%)

2 (7.2%)

8 (28.5%)

42 (56%)

3 (4%)

30 (40%)

0.50

Biomedical equipment checks

Annual

6 monthly

Not known

17 (60.7%)

6 (21.4%)

5 (17.8%)

55 (73.3%)

13 (17.3%)

7 (9.3%)

0.214

Use of oxygen at neonatal resuscitation 

Ninety-seven percent of the metropolitan birthing units had the capacity to blend air and oxygen, and all,
but four units used air at the initiation of resuscitation. In contrast, only 65.3% of the non-metropolitan
units had blenders available. Sixteen percent of those units were still using some oxygen (21% to 100%)
for initiation of resuscitation at birth for term infants. 

Equipment at resuscitation

The T-piece resuscitator (TPR) was commonly used to provide PPV across the birthing units, although
almost a third of non-metropolitan units used a self-in�ating bag (SIB) as the �rst choice for resuscitation
at birth. Almost three-quarters of the units in NSW/ACT used a SIB. The setting of the TPR was variable
across the units. The peak inspiratory pressure (PIP) and the pressure relief valve settings varied widely.
Almost a third of the units were not aware of the pressure relief valve settings (Fig. 1). None of the units
surveyed had electrocardiograph (ECG) monitoring available or were aware of the current guideline
recommending possible use of ECG at birth. All units reported, the availability of a pulse oximeter.

Training and education

All the metropolitan units had a paediatrician available on call for neonatal resuscitation at birth, whereas
only 36% of non-metropolitan birthing units had an on-call paediatrician. All units reported midwives as
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the primary personnel at neonatal resuscitation. More than a third of the non-metropolitan birthing units
had fewer than 100 births annually and another third had 100 to 500 births annually.  Almost two-thirds
of the non-tertiary birthing units had support for in-house training, but almost a quarter of non-
metropolitan units relied on external agencies or online support for their neonatal resuscitation training.
All except three non-metropolitan units reported annual training of their midwives in neonatal
resuscitation. 

Ongoing equipment checks and national guidelines

The pressure relief valve setting on the TPR was variable, and 38 out of the 103 units reported being
unaware of the safety feature. All units recommended use of a national guideline with a simpli�ed
algorithm in neonatal resuscitation for non-tertiary settings. Almost all units (92%) had a resuscitation
protocol attached to the resuscitaire.  

Discussion
This is the �rst survey including non-tertiary birthing unit settings looking at the resources, equipment,
and education of staff for newborn resuscitation. Non-metropolitan units have a lower number of births
per year and maintaining their skills and quality control of the equipment is di�cult but important. Our
study shows that more than a third of non-metropolitan units had fewer than 100 births per year and
another third had fewer than 500 a year (equivalent to fewer than two a day). The availability of skilled
personnel at the birth of a newborn infant is essential. In a non-metropolitan NSW birthing hospital,
midwives with the support of a general practitioner were the primary resuscitators for the newborn. Foster
et al reported that there was an urgent need to train health professionals in neonatal resuscitation [4].
They reported that a third of respondents in rural and urban non-tertiary units were not up-to-date with
resuscitation skills and almost a quarter of staff were not con�dent about their newborn resuscitation
skills. Lack of availability of resources for training was identi�ed from the survey question “Who trains
your staff for neonatal resuscitation?” This was more evident in non-metropolitan birthing units, where
they were more reliant on external agencies and online courses. Maintaining knowledge and skills in
neonatal resuscitation is essential for midwives. Caldelari et al evaluated the neonatal resuscitation skills
of student midwives and reported that they maintained global levels of theoretical knowledge, but
practical skills were often not retained [9]. Pleasingly, our survey showed that almost 98% of the birthing
units provided annual training for their midwives, although there was no consistency in training modality.

Resuscitation with air is the current recommendation for term infants according to the current ARC
guidelines [10]. The availability of blenders has improved, although almost a third of non-metropolitan
units have none. Bhola et al reported only one in �ve non-tertiary units had the ability to blend oxygen
highlighting the need for air and oxygen sources, blenders and pulse oximeters at all birthing units [11].
We looked at the availability of ECG monitoring in the birthing unit for neonatal resuscitation. The 2016
ARC guideline suggested using ECG monitoring for rapid and accurate display of heart rate, although the
evidence for this is weak. None of the units were aware of this guideline.
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The ARC guideline recommends using a TPR to provide Positive End Expiratory Pressure (PEEP) for term
resuscitation. Most metropolitan and almost two-thirds of non-metropolitan units use a TPR as primary
mode of ventilation. A TPR needs a continuous �ow of gases and requires adequate supervision and
training of staff. Our study highlights the variation in the PIP (initial PIP) and the safety valve settings.
Almost a third of non-metropolitan birthing units were not aware of the safety (pressure relief valve)
settings. The factory settings of the pressure relief valve on SIB vary from 35 to 45 cm H2O. In addition,
the pressure relief valve setting in TPR is �ow dependent. Hawkes et al reported inadvertent increase in
PIP and PEEP with increase in �ows, hence the maximum pressure relief valve is not a true pop off valve
[12]. It is important that staff check the pressure relief valve with a standard �ow in their unit.

Conclusion
There is signi�cant variation in the use and availability of equipment for neonatal resuscitation especially
at non-metropolitan birthing unit. Training of personnel and availability of skilled staff for resuscitation of
the newborn at birth is inconsistent across birthing units, especially out of metropolitan regions. The
availability of equipment, especially oxygen blenders, and regular checking of equipment is essential.

Abbreviations
ACT Australian Capital Territory

ARC Australian Resuscitation Council

ECG Electro cardio gram

NSW New South Wales

PEEP Positive End Expiratory Pressure

PIP Peak Inspiratory Pressure

PPV Positive Pressure Ventilation

SIB Self In�ating Bag

TPR T-piece Resuscitator
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Figures

Figure 1

Differences in the pressure relief valve setting on the T-piece devices among the metropolitan and non-
metropolitan units
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