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Abstract
Background: Studies carried out in developing countries have indicated that training courses in newborn
resuscitation are efficacious in teaching local birth attendants how to properly utilize simple resuscitation devices.
The aim of this study was to assess the knowledge and expertise gained by physicians and midwifes who
participated in a Neonatal Resuscitation Course and workshop organized in a Third World Country on the use of
Laryngeal Mask Airway (LMA).
Methods: A 28-item questionnaire, derived from the standard test contained in the American Heart Association
and the American Academy of Pediatrics Neonatal Resuscitation Manual, was administered to 21 physicians and
7 midwifes before and after a course, which included a practical, hands-on workshop focusing on LMA positioning
and bag-ventilation in a neonatal manikin.
Results: The knowledge gained by the physicians was superior to that demonstrated by the midwifes. The
physicians, in fact, demonstrated a significant improvement with respect to their pre-course knowledge. Both the
physicians and the midwives showed a good level of expertise in manipulating the manipulating the manikin
during the practical trial session. The midwifes and physicians almost unanimously manifested a high degree of
approval of neonatal resuscitation by LMA, as they defined it a sustainable and cost-effective method requiring
minimal expertise.
Conclusions: Further studies are warranted to test the advantages and limits of the neonatal LMA training courses
in developing countries.

Background
Intrapartum hypoxia and birth asphyxia are widely
regarded as major causes of morbidity and mortality in
developing countries [1,2]. All those involved in delivery
room care must, consequently, possess the knowledge
and expertise to perform neonatal resuscitation [3].
Maintaining a patent airway and providing effective
positive pressure ventilation (PPV), which is currently
achieved in the delivery room by means of a face mask
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(FM) or a tracheal tube (TT), is standard treatment and
forms the cornerstone of emergency neonatal care in
First World countries [2], but making these interventions feasible in settings where resources are limited is
particularly challenging [4,5]. Since its introduction into
clinical practice, the LMA has gained increasing popularity for resuscitation of adult as well as pediatric
patients, and more recently in neonatal resuscitation.
Some organizations have, in fact, made it a part of their
guidelines and LMA has been included in the AAP and
AHA Guidelines of Neonatal Resuscitation Program
(NRP) since 2000 [3,6]. It has been seen that LMA provides a low pressure airtight seal against the glottis
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[7-10] and studies on the efficacy of ventilation by medical and paramedical personnel in neonatal training models have shown that it is characterized by ease of
insertion and rapid, adequate airway patency [11].
Although this device cannot be considered a substitute
for the TT, it could, at least theoretically, play an ancillary role in developing countries [12] where it offers
practical, cost-effective, sustainable advantages over the
face mask.
Some studies carried out in Third World countries
have indicated that local birth attendants who have been
trained in newborn resuscitation are capable of learning
and properly utilizing simple resuscitation techniques
(e.g. Mouth-to-mask breathing and room air) [4], reducing asphyxia-related deaths [13-16]. It is uncertain,
however, what aspects of these training programs were
responsible for that outcome.
The aim of this study is to assess the knowledge
gained by local birth attendants (physicians and midwifes) who participated in a NRP course and workshop
on LMA organized in the Democratic Republic of
Congo (DRC).

Methods
A 3-day NRP course was held by the Continuing Education for Africa (CEFA), in Kinshasa, the DRC, in September 2006. The course consisted of a number of
didactic sessions proportionally divided into the seven
steps of the NRP: (I) principles of resuscitation; (II)
initial steps in resuscitation; (III) bag mask ventilation;
(IV) chest compressions; (V) tracheal intubation; (VI)
medications; and VII) special considerations [3], followed by practical hands-on training session, including
LMA positioning and bag-ventilation in a neonatal manikin (Neonate Airway Trainer; Laerdal, Norway).
Twenty-eight local birth attendants, (21 physicians and
7 midwifes) from the Congo Brazeville (1), Benin (1),
Cameroun (1), and the remaining from other areas of
the DRC, participated in the course. All of the participants took - both before and after the course - a 28
question test, an adaptation of a standard one contained
in the AHA/AAP Neonatal Resuscitation Manual [3]
and underwent a practical trial evaluating their proficiency in manipulating LMA and a neonatal manikin.
The participants had 60 minutes to complete the test,
which included multiple choice, fill-in-the blank, and
true/false questions. The test, which was written in
French, was strictly supervised.
The questions concerned: (I) features of LMA; (II)
advantages of LMA over the face mask; (III) advantages
of LMA over the endotracheal tube; (IV) disadvantages
of LMA; and (V) potential applications in neonatal
resuscitation. Additional file 1
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The theoretical test was followed by a practical trial
during which the trainees were asked to attempt LMA
insertion in a manikin (designed for skills training in
neonatal resuscitation) in less than 15 seconds (successful insertion was defined as effective thorax expansion
verified by the instructor). The participants were also
asked to anonymously express their opinion about their
degree of satisfaction (high/low) with the course and the
sustainability and cost-effectiveness (yes/no) of LMA in
their respective countries.
The study was approved by the Ethical and Scientific
Committee of the CEFA Agency.
Statistical analysis

“Improvement”, defined as the difference (number or
percentage) between the pre and post test scores, in the
two groups (physicians and midwifes) was analyzed
separately by the McNemar test and Fisher’s exact test,
as appropriate. A post hoc multiple comparison analysis
using the Bonferroni’s adjustment was performed when
statistically significant (p < 0.05) differences were found
in the groups. A p value <0.05 was considered
significant.

Results
Theoretical knowledge about and practical skills in neonatal resuscitation using LMA on a neonatal manikin
gained by the participants (physicians and midwifes) at a
neonatal resuscitation course are outlined in Tables 1
and 2.
Compared with the initial score, the overall knowledge
gained by the physicians and midwifes who participated
in the NRP course and workshop on neonatal resuscitation by LMA was increased, but with different percentages regarding the single test questions. In particular,
physicians significantly improved in 12/28 post-test
items analyzed by McNemar’s test and in 7/12 by Bonferroni’s adjustment. Table 1
The “improvement”, defined by the number of correct
answers in post-test coupled with a wrong answer in
pre-test, was statistically significant for the physicians
and midwifes with reference to the questions concerning
their theoretical knowledge about LMA. The “improvement”, defined by the percent of correct answers in
post-test coupled with a wrong answer in pre-test, with
regard to the questions dealing with the advantages of
LMA over the facial mask (p < 0.02) and its potential
applications (p < 0.005) was statistically significant for
the physicians alone. Table 2
The degree of approval by the physicians and midwifes
of neonatal resuscitation by LMA and their opinions
regarding its sustainability and cost-effectiveness are
outlined in Table 3.
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Table 1 Knowledge gained by participants during a NRP training course on neonatal resuscitation focusing on LMA
Neonatal Laryngeal Mask Airway

Pre-test correct answers n.(%)

Post-test correct answers n.(%)

Features

Physicians:
n. 21

Midwifes: n.7

Physicians: n.21

Midwifes: n.7

Range

5

3

7

3

Size

6

1

10

3

Lubrication

3

2

11^

4

Tip flattening

5

3

11^

3

Advancing

5

2

10

4

Location

4

1

12^

3

Cuff inflation

5

0

11^

3

Connection for PPV
Correct positioning

13
1

5
0

11
14*

5
7

47/189 (24.8)

17/63 (26,9)

97/189 (51.3)

35/63 (55.5)

Less skill required

4

0

11^

6

Easy placement

3

1

4

2

Better airtight seal

1

1

12*

3

Improved SO2
Function unaffected by anatomical factors

3
1

1
1

11
6

6
1

Less hand fatigue

7

0

10

7

19/126 (15.0)

4/42 (9.5)

54/126 (42.8)

25/42 (9.52)

5

2

10

4

Advantages over the face mask

Advantages over the tracheal tube
Easier and quicker placement by trained medical and
non-medical personnel
Avoids laryngoscopy

2

5

14*

7

Avoids tracheal oedema

4

0

14*

6

Efficacy in upper airway malformations when intubation and
mask ventilation fail

9

4

14

6

Avoids use of neuromuscular blocking agents

4

3

15*

7

24/105 (22.8)

14/35 (40.0)

67/105 (63.8)

30/35 (85.7)

Disadvantages
Gastric insufflation and aspiration

0

0

8

4

Inadequate alveolar ventilation

13

3

14

6

Impossibility of suctioning the airway

4

3

8

6

Impossibility of administering drug endotracheally

12

3

14

7

29/84 (34.5)

9/28 (32.1)

44/84 (52.3)

17/28 (60.7)

When face mask and tracheal tube resuscitation fall

10

6

15

7

In neonatal training models allows a patent airway in
a shorter time than endotracheal tube

4

0

14*

6

Incidence of failure low with LMA

10

5

15

7

Ruinously

5

2

15*

7

29/84 (34.5)

13/28 (46.4)

59/84 (70.2)

27/28 (96.4)

Potential applications in neonatal resuscitation

Pre- and post-test correct answers.
^McNemar test p value (p < 0.05), corrected by Bonferroni’s adjustment (p < 0.05)*
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Table 2 “Improvement”, defined as the difference between the pre- and post-test scores
Improvement
n.

McNemar Test§

Improvement
*%

Physicians

50

p < 0.0001

35.2

Midwifes

18

p < 0.0001

40.9

Physicians

35

p < 0.0001

32.7

Midwifes

21

p < 0.0001

55.3

Physicians

43

p < 0.0001

53.1

Midwifes

16

p < 0.0001

76.2

Physicians

15

p < 0.0001

27.3

Midwifes

8

p = 0.08

42.1

Physicians

30

p < 0.0001

54.5

Midwifes

14

p = 0.001

93.3

Neonatal LMA

Features

Advantages over the face mask

Advantages over the tracheal tube

Disadvantages

Potential applications

Fisher test*

p < 0.72

p < 0.02

p < 0.08

p < 0.26

p < 0.006

Facial mask, FM; tracheal tube, TT
§
Improvement (n) = a pre-test wrong answer coupled with a post-test correct answer by McNemar’s test. *Improvement (%) = improvement number over pretest wrong answer number ratio by Fischer’s test. p value (p < 0.05).

The practical part of the test showed that the physicians and midwifes were skillful in their attempts at
LMA insertion. One physician and one midwife failed,
respectively, 3 and 2 times to insert the device correctly.
All the midwifes and physicians, with the exception of
Table 3 Practical trial in inserting LMA in a neonatal
manikin
LMA::

Physicians: n. 21

Midwifes: n. 7

Successful placement:
- number of attempts:
1

20

6

2

0

1

3

1

0

- positioning < 15 seconds

20

6

- positioning > 15 seconds

1

1

- high

20

7

- low

1

0

- yes

20

7

- no

1

0

- yes

20

7

- no

1

0

Insertion time:

Degree of approval:

Sustainability:

Cost-effectiveness:

one, expressed a high degree of approval with regard to
neonatal resuscitation by LMA and defined it a sustainable and cost-effective procedure. Table 3

Discussion
Neonatal mortality, amounting to an estimated 4 million
deaths worldwide each year takes place, in 98% of cases,
in developing countries. As approximately 19% of these
deaths are due to birth asphyxia [1], identifying solutions to achieve the Millennium Development Goal of
halving child mortality by 2015 by means of a widescale implementation of cost-effective interventions has
become urgent [17].
In this study, we proved the capability of learning and
properly using in a manikin model LMA by physicians
and midwifes, trained in a developing country to a NRP
course and to a workshop on LMA. The knowledge
gained by the physicians related to the LMA was superior than that achieved by the midwifes. Manikin-based
comparative practical skills on LMA insertion showed
instead, a similar high efficacy between trained physicians and midwifes, in terms of number of successful
attempts and of time for placement. Unanimously, midwifes and physicians, except one, also manifested an
high degree of approval of the neonatal resuscitation by
LMA, giving a positive evaluation of his/her sustainability and cost-effectiveness in a low income country.
Some studies have demonstrated that NRP courses are
effective in teaching neonatal resuscitation in developing
countries [18] and have indicated approaches and
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techniques that have proved efficacious in preliminary
trials in saving newborn lives [14,19]. Birth attendants in
India [20] and China [21] involved in the NRP have been
able to reduce asphyxia-related deaths. There is also evidence that mouth-to-mask and bag-and-mask resuscitation are comparable techniques with regards to neonatal
mortality and morbidity [4,22]. The evidence that room
air [23,24] and mouth-to-mask could be satisfactory used
for neonatal resuscitation [25] suggests that firstly, it is
reasonable to promote the basic elements of resuscitation
of newborn resuscitation, as routine part of newborn
care. Meanwhile, where feasible, all birth attendants
should be trained to provide positive ventilation with
other conventional methods currently used in neonatal
resuscitation, bag-and-mask or bag-and-LMA ventilation.
The LMA may theoretically offer many practical (i.e.
easier transport and sterilization), cost-effectiveness, and
sustainable advantages (i.e. low cost coupled with the fact
that it can be reused) over the face mask. As mentioned
above, LMA allows a low pressure airtight seal against
the glottis [7-9] and studies on the efficacy of ventilation
by medical and paramedical personnel in neonatal training models have shown that the LMA combines ease of
insertion and adequate, rapid airway patency [11].
The AHA recommends bag-and-mask ventilation, a
challenging procedure for those inexperienced in neonatal
resuscitation when a newborn requires PPV, while tracheal
intubation may be impossible due to lack of skill or the
presence of severe congenital abnormalities. Some case
reports have, moreover, shown the successful use of the
LMA in resuscitation of newborns with congenital airway
abnormality under inadequate ventilation and difficult
intubation settings [26,27]. Tests on neonatal intubation
training models have shown that midwives and interns
can obtain a clear airway more rapidly with LMA than TT
and with fewer failures with LMA than with TT [28].
While our study demonstrates that LMA can be easily
taught to local healthcare workers in developing countries, it does have some limitations. The theoretical
knowledge gained and the manual skills involved in
manipulating LMA and a manikin concern only a scant
handful of birth attendants and were never verified in
real asphyxiated neonates in the delivery room or in
other birth settings. The cost-effectiveness and sustainability of resuscitation by LMA in countries where
resources are extremely limited require further scientific
scrutiny, just as it would be useful to analyze the retention of the knowledge and skills gained by these and
other birth attendants attending specialized courses.

Conclusions
In view of the minimum amount of time and resources
necessary to train the participants in NRP courses and
its many advantages with respect to FM and TT, LMA
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should be considered for further evaluation and use in
developing countries.

Additional material
Additional file 1: Neonatal Resuscitation Program (NRP). Questions
on neonatal Laryngeal Mask Airway. Questions concerning: (I) features
of LMA; (II) advantages of LMA over the face mask; (III) advantages of
LMA over the endotracheal tube; (IV) disadvantages of LMA; and (V)
potential applications in neonatal resuscitation.
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