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Abstract

Introduction: Intrapartum-related events account for nearly 700,000 neonatal deaths globally yearly. Endotracheal intubation is a cornerstone in
preventing many of these deaths, but it is a difficult skill to acquire. Previous studies have described intubation performances in high-income coun-
tries, but data from low- and middle-income countries are lacking. We aimed to assess the performance of delivery room intubation in a lower middle-
income country.

Methods: This prospective observational study was conducted at the Phu San Hanoi Hospital, Vietnam, from September 2020 to January 2021.
Video cameras were positioned above the resuscitation tables and data were extracted using adopted software (NeoTapAS). All neonates requiring
positive pressure ventilation were included. Our main variables of interest were time to first intubation attempt, first intubation attempt duration, and
successful first intubation attempt.

Results: 18,107 neonates were born during the five months. Of these, 75 (0.4%) received positive pressure ventilation, and 36 (0.2%) required
endotracheal intubation of whom 24 were captured on video. The median time to the first intubation attempt was 252 seconds (range 91-771 sec-
onds), the median first attempt duration was 49 seconds (range 10—105 seconds), and the first attempt success rate was 75%.

Conclusion: Incidences of positive pressure ventilation and endotracheal intubation were low in comparison to global estimates. Three out of four
intubations were successful at the first attempt and the procedural duration was often longer than recommended. Future studies should focus on how
to achieve and maintain intubation skills and could include considering alternative devices for airway management at birth.

Keywords: Birth asphyxia, Endotracheal intubation (ETI), Neonatal resuscitation, Intrapartum-related events, Positive pressure ventilation
(PPV), Vietnam

long-term  neurological impairment. Current knowledge of
intrapartum-related events in Vietnam is limited. As the country
has improved its economy and implemented many humanitarian ini-
Intrapartum-related events (birth asphyxia) account for nearly tiatives in recent years, it is often seen as a role model among

Introduction

700,000 neonatal deaths globally yearly. This makes up middle-income countries. However, substantial under-reporting of
approximately-one-quarter of the neonates that die during their first neonatal mortality has been reported, and geographical and socioe-
month of life" . For the affected but surviving neonate, the develop- conomic disparities exist®*. Phu San Hanoi Hospital is the largest

ment of hypoxic-ischemic encephalopathy is a strong predictor of  gpstetric hospital in Hanoi and is considered one of Vietnam’s best
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public hospitals. Our research team has previously reported a low
rate of intrapartum-related events at Phu San Hanoi Hospital com-
pared to global figures. In November 2019 the overall positive pres-
sure ventilation (PPV) rate at birth was 0.6%, the incidence of
hypoxic-ischemic encephalopathy was 0.15%, the stillbirth rate was
1.0%, and no term live-born neonates died due to an intrapartum-
related event®®,

Effective PPV is a cornerstone in neonatal resuscitation and may
reduce brain injury in the asphyxiated neonate. PPV is most often
administered via face mask and, in the case of face mask ventilation
(FMV) failure, via endotracheal intubation (ETI). According to best
practice, FMV should be initiated within 60 seconds after birth in a
neonate with apnea/gasping or a heart rate < 100 beats per minute,
and ETI should be considered if FMV remains ineffective despite cor-

rective measures (adjusting face Mask, Reposition head, Suction,

Open mouth, increase ventilation Pressure, and artificial Airway,
e.g. ETl/supraglottic airway, summarized in the popular acronym
MRSOPA). Neonatal deterioration has previously been defined as
a fall in SpO2, heart rate, or both, by > 10% compared to the value
just before the ETI attempt’. To minimize PPV interruption, and to
prevent neonatal deterioration during the ETI attempt, the duration
of each attempt should not exceed 30 seconds Wyckoff et al.,
2020; Madar et al., 2021; Aziz et al., 2020; 142°'°. Findings from
studies conducted in high-income countries show that ETI is a tech-
nically difficult skill to acquire, and it has previously been questioned
whether current best practice is achievable”''~'%. Data on ETI prac-
tice in low- and middle-income countries are lacking. We used video
cameras to record the resuscitative procedures in a lower middle-
income country'* delivery room. Information from this study could
raise awareness of ETI performance, and how it compares to current
guidelines.

Methods

This prospective observational study was conducted at the Phu San
Hanoi Hospital, the largest obstetric hospital in northern Vietnam,
from September 2020 to January 2021. All neonates that received
PPV in the delivery room were included in the study.

Study setting

At the Phu San Hanoi Hospital, approximately 40,000 deliveries take
place every year. The delivery wards are equipped with paper-
printed cardiotocography, heaters, wall-mounted suction devices,
oxygen blenders, bag valve masks and ETI equipment. Cole
uncuffed endotracheal tubes and Miller straight blade laryngoscopes
are used. The route for intubation is orotracheal. Neither pre-
interventional oxygen nor premedication are routinely used in the
delivery room (although some preterm neonates receive oxygen
via face mask ventilation as part of the initial resuscitative attempt).
Pulse oximeters exist but are not routinely used. The wards lack T-
piece resuscitators, CPAP, supraglottic airways and video laryn-
goscopy. There are ten neonatal resuscitation tables located in ded-
icated delivery rooms. Midwives attend all the stages of labor. Before
each birth, the obstetrician examines the mother, to evaluate the risk
and indication for the mode of delivery. The hospital’s overall
c-section rate is above 50%, of which approximately half are
emergency c-sections. The most common indications for emergency
c-section include previous c-section in labor, livable multiple

pregnancies in labor, abnormal presentation, failure to progress, fetal
distress, indeterminate fetal heart rate tracing, and suspected macro-
somia. The Phu San Hanoi Hospital is situated next to Vietnam
National Children’s Hospital. The sickest neonates at the Phu San
Hanoi neonatal unit (including the neonates who require cooling)
are transferred to the National Children’s Hospital.

Resuscitating team and guidelines

The neonatal resuscitation team is called when a newborn neonate is
anticipated to be, or is, distressed at birth. The team comprises two
midwives and one neonatology junior doctor with a variable experi-
ence in neonatal intensive care and ETI. The team can be expanded
to include a larger neonatal team including an anesthetist. All staff
who attend deliveries complete an in-house resuscitation training
program based on the UK Resuscitation Council guidelines'.

Data collection

Eligible study participants were identified by implementing a three-
step approach;’ all doctors at the Phu San Hanoi neonatal unit
received information about the study and were requested to inform
the research team (date, time and resuscitation table) in the event
of administered PPV at birth;> every weekday, two research team
members screened the neonatal unit for eligible participants (at the
Phu San Hanoi Hospital, PPV at birth is a neonatal unit admission
indication);®> video cameras were positioned above six of the ten
resuscitation tables (chosen based on highest usage) and data were
recorded around the clock. A trained research assistant reviewed the
video recordings and extracted all relevant episodes.

We analyzed all extracted episodes and identified whether, and
when, ETIl was attempted. Data on the resuscitative procedures were
extracted from the video recordings using the adopted software Neo-
TapAS (Version 1.6.2., Tap4life, Stockholm, Sweden) and R'®'”. To
facilitate heart rate monitoring, NeoBeat (Laerdal Global Health, Sta-
vanger, Norway), a reusable dry-electrode ECG that takes seconds
to put on the neonate’s abdomen was introduced'®. Our main vari-
ables of interest were time to first ETI attempt (seconds), first ETI
attempt duration (seconds), and successful first ETI attempt (yes/
no). The duration of an intubation attempt was defined as the time
elapsed from the introduction of the laryngoscope blade into the
mouth to its removal (if failed), or to the first ventilated breath (if suc-
cessful). We determined success according to the resuscitating doc-
tor's evaluation in the clinical improvement (heart rate and color).
Deep suction was defined as an estimated depth > 4 cm. Vigorous
stimulation was defined as noticeably vigorous stimulation on the
newborn’s back or stimulation of any other body part. Ventilation
and chest compression rates were defined as the mean of three rep-
resentative rates during the first minute (each rate was established
by tapping on NeoTapAS’ touchscreen at the same rate as was visu-
alized on the video recording).

Case report forms focusing on maternal and neonatal demo-
graphics, hypoxic-ischemic encephalopathy evaluation (according
to the Sarnat scoring system at 6 and 12 hours, and 1, 2, 3 and
7 days of life), clinical management, and outcomes, were filled out
for all neonates'®. Study participants were followed until their dis-
charge (including participants that transferred to the National Chil-
dren’s Hospital). We did not have any polyclinical follow up for the
neonates that were discharged prior to day 7 of life. Data were sub-
sequently transferred from the case report forms into an electronic
database (RedCap, Vanderbilt, USA) by a trained research
assistant®.
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Statistical analyses

Variables were reported as frequencies and percentages for categor-
ical data, and medians with interquartile ranges (IQR) for continuous
data. To facilitate comparison with previous studies we also provided
continuous data as means with standard deviations. Data analysis
was performed using STATA version 16.1 (StataCorp LCC, Texas,
USA).

Ethical considerations and consent

The study was approved by the Viethamese and Swedish Institu-
tional Review Boards (details in the Ethical Approvals section). Eth-
ical aspects of video recording for data documentation during
neonatal resuscitation have previously been thoroughly discussed?’.
Only the neonate and the gloved hands of the resuscitating staff
were visible on the muted video recordings. All staff involved in
neonatal resuscitation received at least one information session prior
to study commencement and the staff could opt not to participate in
the study at any time. We adopted a two-tier procedure for parental
consent: i) posters were put up in all relevant hospital wards, during
which stage parents of both eligible and non-eligible neonates had
the opportunity to actively opt out; ii) the parents of eligible neonates
were approached for a deferred consent before reviewing the video
of their resuscitated newborn neonate. Standard care was given to
the resuscitated neonates, the only difference was the use of
NeoBeat.

Results

Study cohort and demographics

During the five study months, a total of 18,107 neonates were born at
Phu San Hanoi Hospital. The three-step system for identifying eligi-
ble study participants was congruent. Consent was given to all eligi-
ble neonates. The entire cohort is presented in Fig. 1. The overall
PPV rate at birth was 0.4% (n = 75), and of these 48% (n = 36)

required ETI. The demographics of the included neonates are pre-
sented in Table 1.

Video recorded study participants

A total of 57 neonates who received PPV were captured on a video
camera (Table 2). Of the video recorded neonates, 24 required ETI,
and neonatology junior doctors carried out at least 22 of these (data
on staff members who delivered PPV were missing for two neo-
nates). The endotracheal tube placement was confirmed by auscul-
tation within 15 seconds for three (13%) neonates. Data on heart rate
changes during the first ETI attempts were available for nine neo-
nates, of whom four had a heart rate reduction exceeding 10%
(Table 3 and Supplementary information 1).

Endotracheal intubation details of video recorded study
participants

The postnatal time to the first ETI attempt ranged between 91 and
771 seconds (median = 252 seconds, IQR = 203-390 seconds;
mean = 311 seconds, standard deviation = 174 seconds). The suc-
cess rate for the first attempt was 75% (n = 18), and the maximum
number of attempts was five. ETI failed in one neonate, but this
neonate did not receive a real attempt to place an endotracheal tube,
only a laryngoscope. A sensitivity analysis with this neonate removed
showed no relevant changes to the results (Supplementary
information 2). The initial ETI attempt durations ranged from 10 to
105 seconds (median = 49 seconds, IQR = 26-63; mean = 47
seconds, standard deviation = 26 seconds). Timings and success
rates were stratified according to birth weight groups for the
neonates that required ETI (Fig. 2 and Supplementary information 3).

Clinical outcome

The clinical outcomes for all neonates (n = 75) are presented in
Table 4. The mortality rate was 15% (n = 11), and 30% (n = 22)
received a hypoxic-ischemic encephalopathy diagnosis (24 to 40
weeks gestation). No ETl-related complications (noxious autonomic

Newborn infants, N = 18,107

PPV at birth, n =75
PPV rate = 0.4% (75/18,107)

Progress to ETI, n =361
ETI proportion = 48% (36/75)

FMV only, n=39

||

Video recorded, n = 24 @

Not video recorded, n = 18

Video recorded, n = 33

Legends:

* One recorded ETI attempt included only laryngoscope blade placement.

Fig. 1 - Flowchart over neonates born between 2020.09.01 and 2021.01.31, and required PPV at birth.
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Table 1 - Demographics of the study-included neonates (N = 75).

Video recorded (n = 57)
N (%) / median (IQR)

Video recorded ETI (n = 24)
N (%) / median (IQR)

Total (N = 75)
N (%) / median (IQR)
General
Female 27 # (36)
Multiple births 8 (11)
Gestational age (weeks)
<28 10 (13)
28-32 15 (20)
32-37 19 (25)
>37 31 (41)
Birth weight
<1,000 grams 9 (12)
1,000-1,499 grams 18 (24)
1,500-2,500 grams 14 (19)
>2,500 grams 34 (45)
Mode of delivery °
Spontaneous vaginal delivery 30 (40)
Elective c-section 11 (15)
Emergency c-section 33 (44)
Maternal factors
Age (years) 31 (27-34)
Primipara 32 (43)
Previous preterm births ° 3 (4)
Previous miscarriage/stillbirth ° 12 (16)
Perinatal factors
Stained/foul-smelling meconium 1(1)
PROM ® 8 (11)
PPROM 4 (5)
Prolonged PROM (>18 hrs) 2 (3)
Intrapartum infection 3 (4)
GBS positiv ° 1 (1)
Preeclampsia 4 (5)
Placenta praevia 8 (11)
Placenta abruption 1(1)
Apgar
Apgar score at 1 min 4 (3-6)
Apgar score at 5 min 6 (5-7)

21° (37) 12 (50)
8 (14) 2 (8)
10 (18) 3 (13)
13 (23) 9 (38)
11 (19) 5 (21)
23 (40) 7 (29)
8 (14) 1 (4)
16 (28) 10 (42)
9 (16) 5 (21)
24 (42) 8 (33)
27 (47) 11 (46)
8 (14) 1 (4)
22 (39) 12 (50)
30 (26-33) 32 (28-34)
27 (47) 9 (38)
1(2) 1(4)

8 (14) 5 (21)
1(2) 1(4)

6 (11) 4 (17)
3 (5) 2 (8)
24 1(4)
3 (5) 2 (8)
0 (0) 0 (0)
24 1(4)
6 (11) 3(13)
1(2) 0 (0)
4 (3-5) 3 (2-4)
6 (5-8) 5 (4-5)

& Gender is missing for two subjects.
® Missing for one subject.

reflex, local bleeding, vocal cord injury, tissue perforation, pneumoth-
orax, subglottic stenos, post-extubation laryngeal edema and/or stri-
dor) were observed.

Discussion

In this study, 0.2% of neonates were intubated at birth. ETI was first
attempted between 91 and 771 seconds (median 252 seconds;
mean = 311 seconds), counted from the time that the neonate was
placed on the resuscitation table. The initial ETI attempt durations
ranged from 10 to 105 seconds (median 49 seconds; mean = 47 sec-
onds) which means that most were outside the recommendations for
best practice. The success rate of the first ETI attempt was 75%. Our
study adds the perspective of ETI performance in a lower middle-
income country under fast economic growth'*.

Our findings are consistent with previous studies that have used
video recordings to assess neonatal ET| during emergency condi-
tions*°. An Australian study reported that the time to first ETI was
between 86 and 699 seconds (mean 253 seconds, counted from

birth), the success rate was 62% for all ETI attempts, and the dura-
tion ranged from 8 to 70 seconds per successful attempt. The dura-
tion range was not reported for the failed attempts but the mean
duration was comparable in successful and combined successful/-
failed attempts (31and 33seconds)’. In accordance with this, an Irish
study that included 203 patients and 455 ETI attempts, found a suc-
cess rate of 44% for all ETI attempts and an attempt duration that
ranged from 5 to 180 seconds. No statistically significant difference
between successful and failed attempts was observed, and none
of the recorded patient factors (including weight, gestational age,
or several previous ETI attempts) were associated with success
rates'®. Similarly, an American study found that the mean ETI
attempt duration for successful intubations was 27 seconds com-
pared to 30 seconds for failed attempts, the difference was not sta-
tistically significant'?. Finally, a study conducted in four neonatal
units in the UK found that 52% of the initial ETI attempts in the deliv-
ery room were successful. The authors did not report on ETI dura-
tion'. All the above studies showed that greater clinical
experience is associated with greater success rates and shorter
duration of attempts”''~'3. As neonatology junior doctors (i.e. lesser
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Table 2 - Resuscitative measures for the video recorded neonates (N = 57).

N (%) / median (IQR) min—max

Stimulation, N = 57

Total stimulation time (sec) 26 (8-56) 0-267

Number of stimulation episodes 11 (4-18) 0-69

Number of vigorous stimulation episodes ® 0 (0-1) 0-13
Suction, N = 57

Total suction time (sec) 24 (11-43) 0-104

Number of suction episodes 1(1-8) 0-10

Number of deep suction episodes ° 1 (0-3) 0-8

Number of suction episodes via the endotracheal tube 0 (0-0) 0-1
Initiation of positive pressure ventilation (PPV), N = 57

Time to initiation of PPV (sec)® 30 (15-60) 2-385

Duration of PPV before first interruption (sec) 9 (2-21) 0-195

Ventilation rate (breaths per minute) © 72 (57-95) 30-158
Face mask ventilation (FMV, only), N = 33

Total duration of FMV without pauses (sec) 69 (40-111) 8-228

Total duration of FMV included pauses (sec) 98 (49-247) 8-538
Endotracheal intubation (ETI), N = 24

Duration of FMV prior to successful ETI, without pauses (sec) 94 (68-141) 0-404

Duration of FMV prior to successful ETI, included pauses (sec) 205 (117-344) 0-805

Surfactant administered 1(4) -

Measuring exhaled CO2 0 (0) -

Lung auscultation < 15 seconds after tube placement 3 (13) -
Circulation, N = 57

Heart auscultation within one minute © 17 (30) -

Adrenaline administered © 1(2) -

Chest compressions administered ' 9 (6) -

Chest compression rate (beats per minute) 9 276 (195-304) 144-323

2 Stimulation of the back that was noticeably vigorous or stimulation to any other part of the neonate than the back.

b

¢ Time is counted from arrival at the resuscitation table.

Estimated > four centimeter depth, and include all suctions via the endotracheal tube.

9 The mean of three representative rates during the first minute of PPV. The mean of two or one representative rate is used for four observations due to the
short total ventilation time. One observation has no recorded rate due to the ventilation bag being held outside of the camera view.

¢ Intracardiac injection.
f Three observations in FMV group and six observations in ETI group.

9 The mean of three representative rates during the first minute of chest compressions. For one observation, the mean of two representative rates is used due

to the short total chest compression time.

Table 3 - Changes in heart rate during the first ETI attempt, for neonates where NeoBeat was used and displaying

a visible heart rate on its monitor (N = 9).

Heart reate (bpm)

ETI attempt Immediately preceding attempt Lowest during attempt Reduction from baseline (%)
1 183 175 4

2 175 83 53

3 156 138 12

4 185 181 2

5 154 144 6

6 52 50 4

7 157 116 26

8 126 110 13

9 77 70 9

clinical experience) performed the ETIs for at least 22 of the 24 neo-
nates, the successful intubation rate registered in our study should
be considered high when compared to previous reports. However,
we report a longer first ETI attempt mean duration than both the Aus-
tralian and American studies”'''%. The reason for this might partly

be because most ETI attempts were performed by neonatology
junior doctors, and partly due to the lack of a working routine for tim-
ing the ETI attempts. The first ETI attempt median duration of 49
seconds, longer than the recommended standard of 30 seconds,
together with other observations, such as the lack of a routine to con-
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Time to first ETI attempt 2

800
1

600
1

Seconds
200 400
1 1

<1500 grams 1500-2499 grams >2500 grams All

Number of ETI attempts per neonate

w L ] [ ]
<
c o °
N L]
<1500 grams 1500-2499 grams >2500 grams All

Legend:

? Counted from arrival at the resuscitation table.

First ETI attempt duration P

L

1500-2499 grams

80 100
1

Seconds
60
L

40

<1500 grams >2500 grams All
Proportion of successful first ETI attempts

Al
>2500 grams [ —

1500-2500 grams I—

<1500 grams —

0% 20% 40% 60% 80% 100%
Proportion of overall successful ETI

AT
>2500 grams

1500-2500 grams [ —

<1500 grams | —

0% 20% 40% 60% 80% 100%

® Defined as the time from introduction of the laryngoscope blade to the mouth to its removal (if failed), or to the

first ventilated breath (if successful).

Fig. 2 - Endotracheal intubation (ETI) details for the video recorded neonates (N = 24), arranged into birth weight
categories (<1500 grams, n = 11; 1500-2499 grams, n = 4; >2500 grams, n = 9).

firm the endotracheal tube placement and the high chest compres-
sion rate, indicate the need for additional training. Nevertheless, intu-
bation skills remain an important challenge for healthcare givers also
in the delivery wards of high-income countries. A publication bias
may exist, as we suspect that only high-performing hospitals dare
to report real numbers. We recommend future studies with a larger
sample size, analytical design, and multi-centered nature for valid
evidence generation in the field. It is also important to conduct stud-
ies assessing the most effective training for achieving and maintain-
ing ETI skills among caregivers involved in neonatal resuscitation.
Finally, we should consider alternative devices for airway manage-
ment at birth.

It is possible that using an artificial airway that requires less skill,
such as the supraglottic airway, would lead to one or more of the fol-
lowing: a shorter time before the initial attempt to establish a patent
artificial airway, a higher success rate, a shorter attempt duration®.
The International Liaison Committee on Resuscitation (ILCOR)
guidelines stated in 2020 that the supraglottic airway can be used

as an alternative to ETI"°. In the event of a global shift in clinical prac-
tice towards the use of supraglottic airway, the most benefit will likely
be seen in low- and middle-income countries, where staff with the
highly specialized skills necessary for ETI are often lacking®®. To
date, no approved supraglottic airways exist for neonates with a birth
weight < 1,500 grams®~'°. We report a birth weight < 1,500 grams in
46% of the video recorded neonates who required ETI. Despite the
small size and bearing in mind the descriptive nature of the study,
our data suggest that low birth weight neonates may also have a
higher number of attempts (up to five attempts for one neonate).
An American retrospective chart review of resuscitated neonates
with a birth weight < 1,000 grams showed the importance of fewer
ETI attempts when they reported that death or neurodevelopmental
impairment at 18 to 22 months of age occurred in 29% of neonates
with a successful first ETI attempt, compared to 53% of neonates
that required multiple attempts®®. An lranian study found that
repeated ETI was a contributing factor to ETl-associated short-
term complications including trauma to the larynx and vocal cords®.
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Table 4 - Neurological outcome and clinical management (neurological, respiratory, admission duration and

mortality) at NICU (N = 75).

N (%)/median (IQR)

Neurological outcome
Apgar < 7 at 5 min
pH < 7,00 or BE < —16 within one hour from birth #
Hypoxic ischemic encephalopathy
Mild
Moderate
Severe
Seizure °°
Intraventricular hemorrhage ©
Neurological management ©
Anticonvulsant
Cooling
Respiratory management ©
Surfactant
02
CPAP
Mechanical ventilation ©
Mechanical ventilation duration (days) ’
Discharge °
Duration of NICU admission (days)
Mortality prior to discharge

44 (59)
6 (10)
22 (30)
11 (15)
9 (12)
2 (3)
2 (3)
6 (8)

[

Missing for 17 subjects.

o

Missing for one subject.

EEG verified.

20 of these neonates received ETI during resuscitation at the delivery unit.
Missing for 5 subjects.

® a o

Diagnosed according to Sarnat scoring system. 16 of these neonates had an apgar score < 7 at 5 min-

We did not find any ETl-associated complications in our study. In our
study, 56% of neonates who received ETI and 59% of neonates who
received FMV alone, subsequently required mechanical ventilation.
The neonates that require an endotracheal tube for subsequent res-
piratory support, will likely benefit from placing this during less stress-
ful conditions®.

We report a mortality rate of 15%, but we have not differentiated
between the causes, nor have we reported on the stillbirth rate (Sup-
plementary information 4). It is difficult to find comparative mortality
rates among this neonatal subgroup, but a study conducted in rural
Tanzania found an early mortality rate (<7 days of life) of 23% among
neonates that received PPV and subsequently were admitted to the
neonatal unit®°. A review that looked at the outcomes of 579 neonates
(across 16 studies) who had received cardiopulmonary resuscitation
for at least 10 minutes at birth (on the indications of bradycardia, asys-
tole or pulseless electrical activity) found overall mortality at follow-up
of 41%. Individual studies ranged from 2% to 100%, with a follow-up
period that ranged from hospital discharge to 12 years of age®®.

Finally, this study confirms remarkably low PPV and ETI inci-
dences at birth in this setting (0.4% and 0.2%). This is consistent with
data previously reported from the Phu San Hanoi Hospital by our
research team (0.6% and 0.2%)°. The expected PPV incidence is
3-6% and ETl incidence is 1-2%%2”. We have previously discussed
some possible explanations for our findings, including a high c-
section rate (over 50% of all births, approximately half of which are
emergency c-sections) and few instrumental deliveries®. Nonethe-
less, it is truly difficult to interpret our findings. Future studies should
focus on describing perinatal care in more detail to fully understand
the clinical situation at the Phu San Hanoi Hospital, and to identify
some possible key success factors.

Limitations

Phu San Hanoi Hospital may not mirror a typical lower middle-
income country delivery room. However, this resource heterogeneity
is a known phenomenon within developing countries®®. Although our
research team had previous experience in using video recording for
data documentation during neonatal resuscitation®®, it is possible
that the resuscitating staff acted differently due to awareness of
video cameras and the change in routine using NeoBeat. We tried
to address this through information sessions and an induction period
(approximately-one week) during which no video recordings were
included in the study. The video recordings did not capture the
events between birth and the moment that the neonate was placed
on the resuscitation table. Meanwhile this affected (increased) the
time to PPV initiation and first ETI attempt, the duration of the first
ETI attempt, and the success status were unaffected. When defining
failed ETI attempt duration, the time from laryngoscope blade
removal to subsequent first ventilated breath (via face mask) was
excluded. If prolonged, this time might have worsened the hypoxic
state. We consider NeoTapAS to be a reliable assessment tool,
but only one person (a senior pediatric trainee) reviewed the video
recordings. This might have affected the more subjective variables,
such as the depth of suctioning, the vigor of stimulation and, rarely,
the differentiation between PPV interruption and slow ventilation
rate. It is unlikely to have affected the objective timings of laryngo-
scope blade placement and removal, or the first ventilated breath
through the endotracheal tube. One major limitation is that the endo-
tracheal tube position was not confirmed with a chest X-ray. Consid-
ering the lack of CO2 devices, and a low rate of lung-auscultation
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post ETI placement, the success rate could be lower than what we
report. However, based on the video recordings we have no reason
to believe that any endotracheal tube was incorrectly positioned.
Finally, the limited sample size precluded further investigations and
subgroup comparisons.

Conclusions

In accordance with previous studies conducted in high-income coun-
tries, our findings from a lower middle-income country showed that
ETI attempts were often unsuccessful during neonatal resuscitation
in the delivery room, and their duration was frequently longer than
best practice guidelines. Future studies should focus on assessing
the most effective training for achieving and maintaining ETI skills
among caregivers involved in neonatal resuscitation and could con-
sider alternative devices for airway management at birth.
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