BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig sousby e GZoz ‘TT aun( uo /wod (wg uadolway/:dny wols pspeojumod '2zoz AN 8T U0 2#9090-TZ0Z-uadolwa/9eTT 0T se paysiignd 1s11) :uado rING


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Video recording as an objective assessment tool of health
worker performance in neonatal resuscitation at a district
hospital in Pemba, Tanzania: a feasibility study

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-060642

Article Type:

Original research

Date Submitted by the
Author:

04-Jan-2022

Complete List of Authors:

Holm-Hansen, Charlotte ; Copenhagen University Hospital Rigshospitalet,
Global Health Unit, The Juliane Marie Centre for Children, Women and
Reproduction

Poulsen, Anja ; Global Health Unit, Department of Paediatrics and
Adolescent Medicine, Copenhagen University Hospital “Rigshospitalet”,
Skytte, Tine; Copenhagen University Hospital Rigshospitalet, Department
of Paediatrics and Adolescent Medicine

Stensgaard, Christina Nadia; Copenhagen University Hospital, Global
Health Unit, Department of Paediatrics and Adolescent Medicine, The
Juliane Marie Centre,

Bech, Christine; Copenhagen University Hospital, Global Health Unit,
Department of Paediatrics and Adolescent Medicine

Lopes, Mads ; Copenhagen University Hospital, Global Health Unit,
Department of Paediatrics and Adolescent Medicine

Kristiansen, Mads; Copenhagen University Hospital, Department of
Paediatrics and Adolescent Medicine

Kjeergaard, Jesper ; Copenhagen University Hospital “Rigshospitalet”,
The Global Health Unit, The Department of Paediatrics and Adolescent
Health

Mzee, Said; Public Health Laboratory — Ivo de Carneri

Ali, Said; Public Health Laboratory

Ame, Shaali; Public Health Laboratory - Ivo de Carneri

Sorensen, Jette Led; Copenhagen University Hospital, The Juliane Marie
Centre for Children, Women and Reproduction; University of
Copenhagen, Department of Clinical Medicine, Faculty of Health and
Medicine Sciences

Greisen, Gorm; Copenhagen University Hospital Rigshospitalet,
Department of Neonatology

Lund, Stine; Copenhagen University Hospital, Department of
Neonatology

|\\

Keywords:

OBSTETRICS, NEONATOLOGY, PUBLIC HEALTH

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig sousby 1e GZoz ‘TT aung uo /wod (wa uadolway/:dny wols pspeojumod "2zoz AN 8T U0 2#9090-TZ0Z-uadolwa/9eTT 0T se paysiignd 1s11) :uado rING


http://bmjopen.bmj.com/

BMJ Open

Page 1 of 33

BMJ Open: first published as 10.1136/bmjopen-2021-060642 on 18 May 2022. Downloaded from http://bmjopen.bmj.com/ on June 11, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

— NN TN ONOWORN


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 33

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

Page 3 of 33 BMJ Open

oNOYTULT D WN =

Video recording as an objective assessment tool of health worker performance in neonatal
resuscitation at a district hospital in Pemba, Tanzania: a feasibility study

Charlotte Carina Holm-Hansen!, Anja Poulsen!, Tine Bruhn Skytte!, Christina Stensgaard!, Christine
Manich Bech!, Mads Nathaniel Lopes', Mads Kristiansen!, Jesper Kjargaard', Said Mzee?, Said
Mouhammed Ali2, Shaali Ame?, Jette Led Sorensen®>, Gorm Greisen*>, Stine Lund!**

!Global Health Unit, Department of Paediatrics and Adolescent Medicine, Copenhagen University
Hospital “Rigshospitalet”, Denmark

ZPublic Health Laboratory — Ivo de Carneri, Chake Chake, Pemba, Tanzania

3 The Juliane Marie Centre for Children, Women and Reproduction, Copenhagen University Hospital
Rigshospitalet, Denmark

“Department of Neonatology, The Juliane Marie Centre for Children, Women and Reproduction,
Copenhagen University Hospital Rigshospitalet, Denmark

SDepartment of Clinical Medicine, Faculty of Health and Medicine Sciences, University of
Copenhagen, Denmark

*Correspondence author: Stine Lund; e-mail: stine.lund@regionh.dk, telephone: +45 35457403
Department of Neonatology, The Juliane Marie Centre for Children, Women and Reproduction,
Blegdamsvej 9, 2100 Copenhagen, Denmark

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

R e

* (s3gv) Inauadns juswaublaosug


mailto:stine.lund@regionh.dk
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 4 of 33

Abstract

Introduction

Neonatal resuscitation (NR) can save many newborn lives. However, quality of care is not always
guaranteed, and quality assessment can be complex. We aimed to assess the feasibility of using video

recordings of NR to objectively evaluate the quality of care in a low-resource setting.

Methods

We conducted a prospective observational feasibility study in April and May 2019 at Chake-Chake
Hospital, a district hospital in Pemba, Tanzania. All delivering women and their newborns were
eligible for participation. Motion-triggered cameras were mounted on resuscitation tables and
provided recordings that were analysed for quality of care indicators based on the national NR
algorithm. Assessment of feasibility was conducted using Bowen's eight-point framework for

feasibility studies.

Results

Ninety-one percent (126/139) of women and 96% (24/26) of health workers were comfortable or very
comfortable with the video recordings. Of 139 newborns, eight underwent resuscitation with bag and
mask ventilation. In resuscitations, heat loss prevention measures were not performed in half of the
cases (4/8), clearing the airway was not performed correctly five out of eight of the cases (5/8), and
all newborns were suctioned vigorously and repeatedly, even when not indicated. In a quarter (2/8)
the newborn's head was not positioned correctly. Additionally, two of the eight newborns needing
ventilation were not ventilated within the first minute of life. In none of the eight cases, ventilation

appeared to be performed effectively.

Conclusions
It proved feasible to use video recordings to assess quality of care during NR in a low-resource setting,
and the method was considered acceptable for the delivering women and health workers. Adequate

recordings of eight resuscitations all demonstrated deviations from NR guidelines.

Data availability statement

Data are available upon reasonable request.
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Strengths and limitations of the study

Prospective study design and large population size for a feasibility study.

Technical feasible even in a low resource setting with unstable power supply and unstable
access to internet.

Limited enrolment rates due to consenting constrains with missed emergency cases which
underestimates resuscitation needs.

Further research is needed to confirm the practicality and acceptability in other cultural and
organisational settings.

Our results support that there is an urgent need for strategies to improve the quality of neonatal

resuscitation in Low- and Middle-Income Countries.
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Introduction

Globally, 2.5 million newborns die each year within the first 28 days of life. An additional 2.6 million
are stillborn, while half of them were alive at the onset of labour.! ? The leading causes of death are
infections, intrapartum asphyxia, and preterm birth complications.® 4 Prioritizing neonatal health is
on the global agenda, and United Nations Sustainable Development Goal (SDG) 3.2.2 is to reduce
neonatal mortality to at least 12 per 1,000 live births by 2030.> Two-thirds of countries at risk of
missing this SDG target are in Sub-Saharan Africa.® By 2025 it is estimated that 71% of neonatal

deaths could be avoided with adequate healthcare coverage and better quality of care.”

What happens in the first minutes after birth can influence an entire life, especially given that 5-10%
of newborns require assistance to begin breathing with tactile stimulation and 3—6% require bag and
mask ventilation.®!> In low- and middle-income countries (LMICs), resuscitation guidelines
including the American Academy of Paediatrics program - Helping Babies Breathe (HBB) are
simplified, and primarily focus on the management of airways and breathing within the first and
golden minute; with omission of chest compressions and more advanced resuscitation.'> Relevant
elements of care include the availability of equipment and trained staff to deliver consistent and
reliable resuscitation care, which is challenging in many LMICs.'? Neonatal mortality from
intrapartum-related events can be reduced by 30% with basic neonatal resuscitation (NR), and NR
training programs for health workers is of highest priority.®-19 13 However, educational NR programs
doesn’t necessarily result in improvements in clinical practice in the delivery room, nor expected
reductions in neonatal mortality rate!*'6. Therefore, it is necessary to assess health worker
performance during actual clinical NR, so trainings can be targeted to these specific elements and

better tailored to local needs and context.

Video recording has been used to evaluate health workers' NR performance in the past and for
research purposes in high-resource settings.!’?! Studies have documented a significant number of
deviations from the NR guidelines, also in high resource settings.!”?* The advantages of video-
recorded clinical performance include its low cost, minimal interference with the procedure
performed, and collection of real-time, unalterable objective data to assess performance.!’
Furthermore, there is an even stronger argument for using video-recordings instead of direct
observations in the delivery room, since the methodology circumvents the ethical paradox of direct

observations and could minimize the Hawthorne effect.?? Video recording as a tool to assess the
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quality and performance of NR in LMICs may have great potential, but experiences with it are scarce,

with a limited number of studies on the topic and only from larger tertiary or referral hospitals.?3-2°

We aimed to assess the feasibility of using video recordings as an objective tool to assess the quality
of care during NR at a secondary level district hospital in a low-resource setting. To our knowledge,
this is the first study that used NR video documentation performed in a district hospital in a low-
resource setting with a poor and unstable power supply, unstable internet connection, and high

neonatal mortality.

METHODOLOGY

Study design

The study was a prospective observational feasibility study. It was designed in preparation for the
Newborn Emergency Outcome trial (NCT04093778). The study was conducted over four weeks in
April and May 2019 at Chake-Chake District Hospital in Pemba, Zanzibar, Tanzania. The study was
approved by the Zanzibar Health Research Institute (NO.ZAREC.02/APR/2019/20).

The feasibility study used Bowen's feasibility study framework with eight wide-ranging areas of
attention.>® The study assessed all of Bowen’s eight focus areas; acceptability, demand,

implementation, practicality, adaptation, integration, expansion, and limited-efficacy testing (table

1).30

Setting

Pemba is an island in the archipelago of Zanzibar with a population of 500,000. The stillbirth rate is
estimated at 27.7 per 1,000 live births, and the neonatal mortality rate is approximately 16.0 per 1,000
live births.3! The island has four district hospitals; this study includes data collected at Chake-Chake
district hospital, with approximately 5000 annual deliveries.> The main delivery room has three
delivery beds and one resuscitation table. In addition, the hospital has a movable table for
resuscitation in the operating theatre. The resuscitation tables are also used for the post-delivery
observation of healthy newborns not undergoing resuscitation. At Chake-Chake Hospital, midwives
are responsible for the postnatal care of all neonates, including resuscitation. The available equipment

consists of gloves, bulb suction, a self-inflating bag, and an oxygen source (not always available). A
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traditional cloths called kanga brought by the mother is available for wrapping, drying and to prevent

heat loss of the newborn after delivery.

Study population

All women delivering at Chake-Chake Hospital and their newborns were eligible for participation.
The women in the maternity and delivery ward were enrolled in the study as soon as possible after
admission. The women could be enrolled until the expulsion phase of the second stage of labour with
written or oral consent using fingerprints, and consent was confirmed post-partum. All health workers

at the Chake-Chake Hospital delivery ward gave consent for participation.

Data sources and management equipment

We recorded NR performance using motion-triggered Smart Cam Pro cameras installed above the
radiant heater at the resuscitation tables. The cameras provided video recordings with audio, capturing
whenever a newborn was placed on the resuscitation tables. The audio was only used to determine if
the newborn was crying, gasping or grunting and neither conversations nor background noise were
included in the analysis to avoid privacy issues. The camera had a shield around it and the image was
zoomed to show only the newborn and the hands of the resuscitation team. The research assistants
covered the camera if a non-consent woman gave birth, since all delivery beds shared the resuscitation
table. Research assistants were present at the maternity and delivery ward 24 hours a day. The
research assistants placed an individually assigned identification card on the resuscitation table just
before or after the placement of the newborn. Time stamps and identification numbers were matched
with the hospital register for the recorded delivery. The identification number followed the woman
and her newborn until discharge. The videos were stored on an encrypted micro-SD card in the
camera, and the data were uploaded to a secure database. Only the international research team could

access the videos to ensure the individual health workers' anonymity.

Postnatal questionnaire with socio-demographics, obstetric history, pregnancy information, delivery
outcome, neonatal characteristics, and acceptability of video recordings were collected by research
assistants on paper and entered directly into the secure data collection software RedCap (v5.12.1) on

Lenovo version 7 tablets.

Outcomes and variables
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We evaluated feasibility using Bowen’s framework for feasibility studies’?. All post-partum women
and health workers in the maternity ward answered an acceptability question on a Likert scale. For
health workers, the acceptability question was, "How comfortable did you feel about the neonatal
resuscitation being filmed?" For post-partum women, the acceptability question was, "How
comfortable did you feel about your baby being video filmed?". Additionally, we conducted 18 semi-
structured interviews, nine with post-partum women (one to three days after delivery) and nine with
health workers in the maternity ward. The qualitative analysis is beyond the scope of this paper and

will be reported in another study.

We logged and described the video recordings' practicality and technicality. A analytical framework
for limited efficacy testing of quality of care indicators was developed where resuscitation procedures
were scored according to guidelines.’® The clinical appearance of the newborn was logged as no
respiration = 0, gasping = 1, or breathing = 2. The clinical actions performed by the health workers
were registered in a thematic template that assesses performance on; heat loss prevention, positioning
of the newborn's head, clearing the airway via suction, stimulation, bag and mask ventilation, heart
rate assessment, and oxygen management (table 6). Each intervention performance was assessed at
three levels: properly performed procedures, inadequate procedures (delayed intervention or
inadequate technique for a given procedure), and procedures omitted or performed but not indicated

according to NR guidelines.

Data analysis

The video recordings were analysed by two independent researchers (CS and SL). If any doubts arose,
the researchers consulted with another member of the study team. A timeline of interventions while
the newborn was placed on the resuscitation table and the subsequent events were produced (Figure
1). We transferred data from the video observations from Excel (version 2011, Microsoft Corporation,
Washington, United States) and quantitative variables from Redcap to SPSS (version 27.0, IBM, New
York, United States) for descriptive statistics. We categorized continuous variables according to
common medical standards and newborn risk factors. We expressed the data as number and
percentage or median and interquartile range (IQR). The translated semi-structured qualitative
interviews were imported to NVivo (version 13) and analysed thematically. The full thematic
qualitative analysis of the semi-structured interviews is beyond the scope of this paper and will be

reported in a separate paper.

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

R e

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 10 of 33

Patient and public involvement
Patients and the public were not involved in developing research questions, designing, conducting,
or disseminating the study. During this research patients and staff were interviewed with semi-

structured questionnaires as informants to adjust the main study with patient involvement.

Role of funding source
The funders of this study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the manuscript. The corresponding author had full access to all the data

in the study and was responsible for submitting the manuscript for publication.

Results

Participating women and health workers

During the study period, 274 women were eligible for participation, of which 239 had spontaneous
vaginal deliveries and 35 caesarean sections (figure 1). One hundred and thirty-nine women gave
consent. Of the 139 enrolled women that gave birth to 139 newborns, 101 (73%) were taken to the
resuscitation table and captured by the video camera. Forty-four (44%) of the newborns brought to
the resuscitation table were not crying when placed there, and eight underwent resuscitation with bag
and mask ventilation. Up to three newborns at a time were placed on the same resuscitation table.
Twenty-six health workers were working in the delivery ward and participated in the deliveries during
the study period. Demographics of the participating women (table 2) and health workers (table 3) and

delivery and birth outcomes of the newborn in (table 4).

We report feasibility according to Bowen et. al. feasibility framework using all eight areas of focus
1) Acceptability, 2) Demand, 3) Implementation, 4) Practicality, 5) Adaptation, 6) Integration, 7)
Expansion, 8) Limited-efficacy testing (table 1).3°

Acceptability of video recordings

Acceptability among the delivering women of the NR video recordings was high, with 89-7% being
either very comfortable or comfortable and only one woman felt uncomfortable 0-7%, and 12 women
did not answer the question. Twenty-five of the 26 participating health workers (96:0%) responded
to the question and 92.3% was either very comfortable or comfortable, only one health worker felt

uncomfortable (table 5).
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Practicality and technicality

We registered the practical and technical feasibility of capturing NR with motion-triggered cameras
during the study period, and although the solution was technically feasible, we made several
adjustments (table 1). There were some concerns regarding the camera's angle, and a shield was
created around it to make it obvious to everyone that the camera was only capturing the newborn and
health worker's hands. We installed a camera on a stand at the portable resuscitation table to capture
the table, but this solution was suboptimal and adjusted with a more stable version. The camera ran
solely on power banks, since we could not rely on the hospital's power supply. The camera had a
secure encrypted SD memory card, and the video material captured was uploaded to a secure database
over a Wi-Fi connection. The hospital did not have a stable Wi-Fi connection, so we installed a

password-protected 4G Wi-Fi connection that ran on power banks near the resuscitation table.

Limited-efficacy testing

To study limited-efficacy (table 1), the videos were analysed to see if they added value by providing
new evidence of gaps in clinical performance (table 6). Of the 139 included newborns, eight were
resuscitated with bag and mask ventilation and captured on video. According to the questionnaire,
further two newborns were resuscitated, but not captured on video, possibly because the resuscitation
took place away from the resuscitation table or an episode occurred when the camera was shielded
due to a non-consent woman giving birth simultaneously. Two other newborns were stillborn: the
corresponding video showed a baby with a very low birth weight, whereas the other child was not

captured on video.

The health workers report was that all newborns had been resuscitated with adequate stimulation,
suction, ventilation, and heat loss prevention. The eight videos, however, showed that heat loss
prevention measures were not performed in half of the resuscitations. In two cases, the head
positioned incorrectly and not in a neutral position. Clearing the airway via suction was not performed
correctly in six cases. As none of the cases were born in thick meconium, suction was not
recommended according to NR guidelines?3. Nevertheless, all eight were suctioned vigorously and
repeatedly. None of them were stimulated correctly, either. One infant, in need of ventilation, was

not ventilated at all, and the remaining were ventilated ineffectively with undue delay, wrong
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technique, or in short and interrupted sequences rather than as a sustained effort. In two cases,
ventilation efforts were halted before regular breathing. The timeline of events of each resuscitation
video showed that while six in need of resuscitation were ventilated within one minute of placement
on the resuscitation table, two were not (figure 2). The average time on the resuscitation table before
ventilation was 41 s (0-96). Only, one-third of the newborns in need of resuscitation were stimulated
within their first minute on the resuscitation table. The average time spent on suction was 35 s (00:00—
01:22). All resuscitations deviated from NR guidelines. However, all newborns who underwent

resuscitation in the videos survived until discharge.

Discussion

In this study, using video recordings to assess the quality of care during NR in a low-resource setting
proved feasible and provided valuable objective measures of performance in the timing of events and
adherence to NR guidelines. The application was highly acceptable among the facility's delivering
women and health workers, with more than 90% comfortable or very comfortable. We also found
video recording practically and technically achievable, albeit operationally challenging. We found a
demand from health workers to focus on NR and a need to improve NR based, and our limited efficacy
testing on performance gaps supports this. We conclude that the study can be expanded to include all
district hospitals in Pemba as planned in the NEO-study. The efficacy testing of video recordings
suggested that it may provide added value. In Chake-Chake District Hospital, performance in NR was

sub-optimal, as was adherence to NR guidelines.

The need for clinical management assessments during actual NR and related training programs for
all healthcare workers involved in the management of newborns is undeniable. Nearly all neonatal
deaths attributed to intrapartum-related events occur in LMICs and may constitute of up to 60% of
neonatal deaths in primary facilities and secondary level hospitals’*. Among the survivors of
intrapartum-related events, 1 million may develop cerebral palsy or other disabilities each year.>> NR
is an emergency associated with high stress among health workers, resulting in frequent medical
errors and lack of adherence to guidelines. The noted deviations from guidelines are in line with
studies that also used a video review process to analyse NR in high-income countries!”. Schilleman
et al. found in a study from 2012 that only 21% of recorded resuscitations were performed entirely
according to local guidelines, and McCarthy et al. reported in a study from 2013 that the

recommended NR timeline is rarely followed in real-life resuscitations!” 1°. Yamada et al. (2015)
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similarly classified and quantified the types of errors observed in 250 NR recordings in their
institution’®. They identified a 23% error rate for all tasks determined to be important elements of the
NR algorithm. Errors similar to our study included omission of tasks that according to guidelines
were indicated or tasks that were performed although not indicated, with incorrect timing or
technique. Deviations from guidelines were more common and could consist of tasks that were
performed but not indicated, tasks performed at the incorrect time, or tasks performed but following

an improper technique.

To our knowledge, the study is the first to use video recordings of NR in a secondary district level
hospital in a low-income country. Video has been used as a component of development and
assessment of training interventions for health worker performance and was found feasible in tertiary
hospitals in Nepal and Mozambique?? ?4. In a study from 2017 from Nepal, Wrammert et al. compared
the resuscitation practices of low and normal birthweight infants using video camera recordings,
noting crying, stimulation, ventilation, suctioning, and oxygen administration during resuscitation?*.
In as study from 2015 from Mozambique, Trevisanuto et al. similarly used video recordings of 100
resuscitations to assess the effect of an adapted NR program course on healthcare providers'
performance, finding a significant improvement in resuscitation scores in all levels of resuscitation
from before and after the course?. In a study from 2020 from Uganda, Pejovic et al. used video
recordings to assess the effect of a specific intervention ventilation with face masks versus laryngeal
masks. It concluded that laryngeal mask reduced time to spontaneous breathing compared with face

mask during newborn resuscitation in a low-resource setting.?®

There is not a standardized method or approach analysing NR performance videos. Carabine et al.
developed a scoring system used in a high-income setting in a study from 2000, which Trevisanuto
et al. adapted to a low-resource setting in 20157 23, We were inspired by these systems but had to

further adjust them due to our study occurring in a secondary level facility in a low-resource setting.

The limited efficacy testing in our study was positive. We found the video recordings usable for
objective assessments of health worker performance, detail, and timeliness during actual NR
resuscitations. In our study, NR performance was sub-optimal, particularly for essential NR
interventions such as stimulation, suction, and bag and mask ventilation. Similarly, Lindbicket et al.

identified guideline deviations in over 50% of resuscitations in a tertiary hospital in Nepal in a study
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from 2015.2° We found that bag and mask ventilation in particular was inadequately performed, and
suction was excessive and used vigorously even when not medically indicated. These findings are in
line with other studies that followed a video review process to analyse NR performance in LMICs!”
20, Lindbécket et al. also noted excessive use of oxygen, which we did not, likely because our setting
was a secondary level facility with limited access to oxygen therapy due to an insufficient supply
chain, and only one oxygen dispenser available for the whole hospital?®. A further important finding
of the present study concerns the timeline of resuscitation, where initiation and the duration of all
procedures were inconsistent with the times recommended by guidelines.

Twenty-five percent of newborns in need of resuscitation did not have bag and mask ventilation
initiated within the first minute of life. In a study from Mozambique Pietravalle et al. examined tactile
stimulation in a study from 2018 and, similar to our findings, found that multiple stimulation
techniques were administered in two-thirds of neonates (64.7%), while recommended techniques
(rubbing the back or flicking the soles of the feet) occurred in less than 10% (8.8%). The median
stimulation duration was 17 s (IQR 9-33)?°, which is much shorter than our study, where the median
time was 75 s (IQR 90). Gaertner et al. evaluated video recordings of 75 stimulated infants, including
early preterm infants in a study from 2018, and suggested that truncal stimulation (drying, chest rubs,

and back rubs) might be more effective than foot flicks?!.

The limited combined experiences indicate that videos of clinical performance during actual NR in
LMICs provide valuable objective information to improve quality of care and patient safety and
survival. Improving this requires focus. Identifying errors during real-life situations can drive the type
of training and guideline adjustments needed, such as an enhanced focus on avoiding excessive and
unnecessary suction practices, stimulation techniques, timely and sustained positive pressure, and bag
and mask ventilation techniques? 37-39. Despite an unstable power connection, the video recordings
were technically possible through backup power sources in our setting. Our intervention was low-
cost and relatively easy to install. Like other studies, we used cameras that activated automatically,
which did not interfere with the resuscitation process and thus took focus from the neonate. Others in
more resourceful settings have used multiple cameras for different angles that include the neonate,
healthcare professionals delivering care, and equipment being used*’. Due to ethical, privacy and

logistical reasons, this was not feasible in our setting.
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There is a need for research in the improvement of the quality of NR in low-resource facilities with
local adaptation of clinical guidelines based on the actual clinical reality of health workers, adapted
training programs, and scarce resources considered. Challenges in many LMIC are diverse and our
study reiterates the need for locally adapted guidelines with the clinical reality in mind as discussed

by Maaloe et. Al in a viewpoint from 20214!

Few qualitative studies explore health providers' attitudes towards the video recording of NR!74243,
We found that healthcare workers in general adapted quickly to the presence of the camera and their
acceptability was high, as was that for delivering women'!”. An extensive qualitative study from 2018
from the Netherlands and United States with 49 semi-structured interviews concluded that recording
and reviewing NR is highly beneficial for learning and improving resuscitation skills and is
considered acceptable by clinical staff*’. Parents and health workers have generally accepted that
recordings may be created for better patient safety, quality improvement, and education both in
studies from Nepal, the Netherlands, and the United States** 44. Video recordings during emergencies
can create controversy, and therefore privacy concerns, medicolegal consequences, storage, and
consent must be discussed before implementation*’. Some programs in high-income countries include
a statement in the general admission consent stating that photography and video recording for patient
safety, quality improvement, and professional training purposes may occur in the hospital. However,
general consent forms at admission are not a widespread practice in LMIC facilities. Consent in
emergency research and consent during labour and childbirth is challenging with many ethical aspects
and some true dilemmas. Ideally the woman should be informed in a quiet manner in an antenatal
visit, but this method was not possible in our setting, and will disturb many pregnant women
unnessarily, and will miss those who do not come for antenatal visits. The consent process was
discussed back and forth between the research team and the local ethical committee, and we agreed
on consent until the expulsion phase, with an emphasis on confirmation of consent post-partum, while

a waiver of consent was not deemed acceptable in the local context.

Strengths and limitations

The study's main strengths are the prospective study design and the large population size for a
feasibility study. Our study had some limitations. The observers assessing the same video images
may have differences in their assessment of the clinical situation involving NR, this was not the case

our study, since the videos were scored in collaboration, but this might not be possible in larger studies
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with a greater volume of videos. Other studies have investigated inter-rater reliability and displayed
a high (above 90%) reliability for the use of bag and mask ventilation and suctioning, but lower
reliability for oxygen administration and stimulation**. The most sensitive indicator of resuscitation
being successful is an increase in the newborn's heart rate. We did not assess heart rate or oxygenation
in our resuscitation study since the equipment is not available in the local context, which could have
been valuable when assessing the health workers' resuscitation efforts and outcomes. Due to local
ethical committee regulations, our study asked the delivering women for their prospective consent.
More than 36% of the women were not approached for consent due to being in too much pain, late
presentation at the hospital or an obstetric emergency. Indeed, these newborns have an increased risk
of the need for resuscitation, intrapartum stillbirth, and asphyxiation, and hence high-level
emergencies may not be included in our feasibility study due to the prospective enrolment process*.
This is a bias, and the finding in this feasibility study may not necessarily mimic newborns' actual
situation and challenges, and the results may underestimate the need for NR. An alternative approach
used in other studies is a waiver of consent, where consent is obtained before delivery when possible;

otherwise, researchers seek retrospective consent?’.

Conclusion

Video recording of neonatal resuscitation at a district hospital in a resource constraint setting was
feasible and provided vital information on the quality and timeliness of provided care.

The unstable power supply and lack of reliable internet connection created practical and technical
challenges but were manageable. The efficacy testing was positive in assessments of health worker
performance and adherence to NR guidelines. All recorded resuscitations demonstrated deviations
from NR guidelines, and although all eight infants were manually ventilated as required and all infants
survived to discharge, the ventilation was started too late, stopped too early, or delivered ineffectively.

More research is still needed in the use of video recordings to assess and improve the quality of NR.
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Figure 1 Flowchart of the study population.
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Figure 2 Timeline of interventions in the eight infants who were manually ventilated during resuscitation

Table 1

Bowen acceptability framework adapted

Area of focus

Definitions according to Bowen?°

Outcomes of interest from results from the

current NEQ feasibility study

1. Acceptability

- To what extent will participants

accept the new idea?

Acceptability of video recordings with
a Likert acceptability scale question for
all women and health workers
Acceptability interview with mothers

and health workers

2. Demand

- Is there a demand?
- Is it Fit within the? organizational

culture

Perceived demand for focus on
neonatal resuscitation by health
workers

Appropriate within the organizational
culture

Desperate need for improvement of
neonatal resuscitation practice
Exploratory and participatory meetings
and workshops with staff before the
design of the study

Exploratory meetings with
stakeholders, policymakers, and

officials from the Ministry of Health

3. Implementation

- Can the new idea be successfully

implemented?

Recordings of NR can be implemented
There is an ability of the study team to
carry out and implement the study at
the health facility

4. Practicality

- Implementation with existing
means, resources, and

circumstances?

Awareness of technical challenges
The extent where the video recordings
are possible in the context

Efficiency, speed, and quality of
implementation setting with an
unstable power source and unstable

internet
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5. Adaptation

oNOYTULT D WN =

To what extent can a new idea
perform when changes are made
for a new format?

Degree to which similar
outcomes are obtained in a new

format?

The extent where video recordings are
possible when a non-consent woman is
in the delivery room

The extent to video recordings can be
implemented without effect on clinical

work

13 6. Integration

To what extent can it be
integrated into the existing

system?

Fit within existing infrastructure.
Video recordings work in a local

context with no influence on workflow

7. Expansion

To what extent can the method be

expanded?

Positive effects on the health system
explored

Possible expansion with all practical
factors considered

The extent to which video recordings
of NR can be scaled up or in more

facilities

8. Limited-
29 efficacy testing

Does the new idea show promise
of being successful in the
intended populations?

Intended effects on key

intermediate variables

The added value of video recordings to
assess the quality of NR.

Small-scale analysis of NR videos and
development of a thematic template

scoring system

21
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Table 2 Characteristics of the participating women

Demographics n =139 (%)
Age distribution
< 20 years 13(9.4)
20-29 years 83 (59.7)
30-39 years 34 (24.5)
> 40 years 0(0.0)
Unknown 9 (6.5)
Civil status
Married 138 (99.3)
Single 0.0
Unknown 1(0.7)
Education
None 1(0.7)
Primary 19 (13.7)
Secondary 106 (76.3)
> Secondary 12 (8.6)
Unknown 1(0.7)
Parity
Primiparous 34 (24.5)
Multiparous (2—4) 67 (48.2)
Grand multiparous (> 5) 37 (26.6)
Unknown 1(0.7)
Antenatal care visits
Did not attend 0

22
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1-3

48 (34.5)

oNOYTULT D WN =

>4

86 (61.9)

Unknown

5@3.6)

1 Previous Caesarean Section

Yes

9(6.5)

No

122 (87.8)

Unknown

7(5.0)

23 Table 3 Participating health workers

n=26 (%)

Gender

Female

23 (88.5)

Male

3 (11.5)

34 Age

< 30 years

11 (42.3)

30-50 years

13 (50.0)

> 50 years

2(1.7)

Education

General nurse

8 (30.8)

Nurse midwife

8 (30.8)

Medical doctor

3 (11.5)

Clinical officer

3 (11.5)

Assistant nurse

4(154)

55 Years since graduation

<5

19 (73.1)

23
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5-10 3 (11.5)
> 10 4(15.4)
Number of deliveries one month prior to
the study
<5 3(1L5)
6-20 8 (30.8)
>20 15 (57.7)
Post-graduate Neonatal Resuscitation
course
Yes 15 (57.7)
No 11 (42.3)
Table 4 Delivery and neonate characteristics at birth
Not resuscitated | Resuscitated
n=131 (%) n=8 (%)
Mode of delivery
Spontaneous vaginal delivery 121 (92.4) 7 (87.5)
Assisted vaginal delivery 1(0.7) 00
Caesarean section 9(6.9) 1(12.5)
Presentation
Cephalic 123 (93.9) 5(62.5)
Breech 43.1) 3(37.5)
Other 1(0.8) 0(0)
Unknown 3(2.3) 0(0)

Born in thick meconium

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 33

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

.

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

Page 27 of 33

oNOYTULT D WN =

BMJ Open

Yes 5(3.8) 000
No 108 (82.4) 8 (100)
Unknown 18 (13.7) 0(@0)
Foetal heart rate at the admission
of the delivering woman
Yes 127 (96.9) 8 (100)
No 4@3.1) 0(0)
Neonate status at birth
Alive at birth 127 (96.9) 8 (100)
Stillbirth fresh 2(1.5) 0(0)
Stillbirth macerated 2(1.5) 0@
Gender
Male 62 (47.3) 3(37.5)
Female 69 (52.7) 5 (62.5)
Birthweight, grams
<1500 1(0.8) 0(0)
1500-2500 17 (13.0) 3(37.5)
2501-4000 108 (82.4) 5(62.5)
> 4000 4.0 00
Data missing 1(0.8) 0(0)
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Table 5 Acceptability of video recordings during neonatal resuscitation

Women n=139 (%)
Very comfortable 26 (18.7)
Comfortable 100 (71.9)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(0.7)
Very uncomfortable 0(0.0)
Data missing 12 (8.6)

Health workers n=26 (%)
Very comfortable 10 (38.5)
Comfortable 14 (53.8)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(3.8)
Very uncomfortable 0(0.0)
Missing 1(3.8)

26
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Table 6 Quality of resuscitation assessed by video recordings in 0—15 min of life

n=8 (%)

Median (IQR)

Heat loss prevention

Not performed

4 (50)

Inadequately performed (Newborn dried with cloth but cloth not replaced by a

new one; head not covered)

2 (25)

Well performed (Newborn dried and cloth replaced; wrapped and head covered)

2 (25)

Time to first intervention

2s(14s)

Number of interventions/newborn

3(2)

Total time spent on heat loss prevention

31s(27s)

Positioning of head

Not performed

0(0)

Inadequately performed (Head hyperextended or bent to the side)

2 (25)

Well performed (Head in a sniffing position)

6 (75)

Time to first intervention

425 (38 )

Number of interventions/newborn

5@

Total time spent on positioning of the head

125(11s)

Clearing the airway via suction

Not performed when indicated (meconium)

0(0)

Inadequately performed (Done after the first minute of life; longer than 5 s;

Incorrect order (nasal suction before oral); excessive number of times)

5(63)

Well performed (or not performed when not indicated)

3(27)

Time to first intervention

165 (15'5)

Number of interventions/newborn

2(2)

Total time spent on suction

415 (36s)

27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

e

* (s3gv) Inauadns juswaublaosug

e

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 30 of 33

Stimulation

Not performed (Indicated when inactive, apnoeic/not spontaneously breathing

or gasping)

1(22)

Inadequately performed (Stimulation performed on other places than the back

or soles of the feet; too aggressively; excessive number of times)

7 (88)

Well performed

0 (0)

Time to first intervention

415 (265)

Number of interventions/newborn

7 (10)

Total time spent on stimulation

755 (90 s)

Bag and mask ventilation

Not performed

122)

Inadequately performed (Initiation after the tirst minute of life; incorrect mask
size; incorrect rate (not 40-60 rpm); incorrect technique (mask turned wrong
way); mask leak; not re-evaluated for response after 30 s; undue delay; short

Interrupted sequences)

7(88)

Well performed

0 (0)

Time to first intervention

395 (38 5)

Number of interventions/newborn

8(11)

Total time spent on bag and mask ventilation

130 s (181 s)

Heart rate assessment

Not performed

7 (88)

Inadequately performed (Performed by feeling the umbilicus)

1(22)

Well performed (Performed with stethoscope)

0 (0)

Time to first intervention

148 s (200 s)

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

Number of interventions/newborn

1(0)

Total time spent on heart rate assessment

5s(75s)
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The number of interventions refers to the number of (separate) episodes of that intervention. s=seconds
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Assessed for eligibility
e  Women (n=274)
e  Health Workers (n=26)

Page 32 of 33

A 4

Excluded women (n=135)

Excluded health workers (n=0)

Not meeting inclusion criteria (n=0)
Declined to participate (n=10)
Delivered before consent (n=90)
C/S before consent (n=35)

Women

e Questionnaire (n=139)
Health Workers

e Questionnaire (n=26)

Recorded videos from resuscitation table (n=101)

| > Excluded videos (n=93)

. No resuscitation with bag and mask
resuscitation

Videos with bag and mask resuscitation (n=8)

Figure 1 Flowchart of the study population.
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Figure 2 Timeline of interventions in the eight infants who were manually ventilated during resuscitation
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 5
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5&
recruitment, exposure, follow-up, and data collection 6
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 6
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 7&8
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8

Continued on next page

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—TIf applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially | 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 8
(¢) Consider use of a flow diagram Figure
1
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and | 8
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | Figure
1
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8 &18
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 19,
sensitivity analyses 24&25
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 13
imprecision. Discuss both direction and magnitude of any potential bias &14
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 14
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if | 14

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Structured Abstract
Objectives
To assess the feasibility of using video recordings of neonatal resuscitation (NR) to evaluate the

quality of care in a low-resource district hospital.

Design

Prospective observational feasibility study.

Setting
Chake-Chake Hospital, a district hospital in Pemba, Tanzania, in April and May 2019.

Participants

All delivering women and their newborns were eligible for participation.

Main outcome measures
Motion-triggered cameras were mounted on resuscitation tables and provided recordings that were
analysed for quality of care indicators based on the national NR algorithm. Assessment of feasibility

was conducted using Bowen's eight-point framework for feasibility studies.

Results

Ninety-one percent (126/139) of women and 96% (24/26) of health workers were comfortable or very
comfortable with the video recordings. Of 139 newborns, eight underwent resuscitation with bag and
mask ventilation. In resuscitations, heat loss prevention measures were not performed in half of the
cases (4/8), clearing the airway was not performed correctly five out of eight cases (5/8), and all
newborns were suctioned vigorously and repeatedly, even when not indicated. In a quarter (2/8) the
newborn's head was not positioned correctly. Additionally, two of the eight newborns needing
ventilation were not ventilated within the first minute of life. In none of the eight cases, ventilation

appeared to be performed effectively.

Conclusions
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It proved feasible to use video recordings to assess quality of care during NR in a low-resource setting,
and the method was considered acceptable for the delivering women and health workers. Recordings

of eight resuscitations all demonstrated deviations from NR guidelines.
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Strengths and limitations of the study

This is a prospective study with a large population size for a feasibility study.

This is the first study using video recordings of neonatal resuscitations at a secondary level
district hospital in a resource limited setting.

Video recordings of neonatal resuscitation instead of direct clinical observations could
minimize the Hawthorne effect.

The study used prospective consent which could cause missed opportunities of including
obstetric emergencies and thus potential neonatal emergencies to the study.

Inter-rater variance is a potential bias when video recordings of clinical performance is

assessed, scored, and analyzed.
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Introduction

Globally, 2.5 million newborns die each year within the first 28 days of life. An additional 2.6 million
are stillborn, while half of them were alive at the onset of labour.! ? The leading causes of death are
infections, intrapartum asphyxia, and preterm birth complications.® 4 Prioritizing neonatal health is
on the global agenda, and United Nations Sustainable Development Goal (SDG) 3.2.2 is to reduce
neonatal mortality to at least 12 per 1,000 live births by 2030.> Two-thirds of countries at risk of
missing this SDG target are in Sub-Saharan Africa.® By 2025 it is estimated that 71% of neonatal

deaths could be avoided with adequate healthcare coverage and better quality of care.”

What happens in the first minutes after birth can influence an entire life, especially given that 5-10%
of newborns require assistance to begin breathing with tactile stimulation and 3—6% require bag and
mask ventilation.®!> In low- and middle-income countries (LMICs), resuscitation guidelines
including the American Academy of Paediatrics program - Helping Babies Breathe (HBB) are
simplified, and primarily focus on the management of airways and breathing within the first and
golden minute; with omission of chest compressions and more advanced resuscitation.'> Relevant
elements of care include the availability of equipment and trained staff to deliver consistent and
reliable resuscitation care, which is challenging in many LMICs.'? Neonatal mortality from
intrapartum-related events can be reduced by 30% with basic neonatal resuscitation (NR), and NR
training programs for health workers is of highest priority.®-19 13 However, educational NR programs
doesn’t necessarily result in improvements in clinical practice in the delivery room, nor expected
reductions in neonatal mortality rate.'#'¢ Therefore, it is necessary to assess health worker
performance during actual clinical NR, so trainings can be targeted to these specific elements and

better tailored to local needs and context.

Video recording has been used to evaluate health workers' NR performance in the past and for
research purposes in high-resource settings.!’?! Studies have documented a significant number of
deviations from the NR guidelines, also in high resource settings.!”?* The advantages of video-
recorded clinical performance include its low cost, minimal interference with the procedure
performed, and collection of real-time, unalterable objective data to assess performance.!’
Furthermore, there is an even stronger argument for using video-recordings instead of direct
observations in the delivery room, since the methodology circumvents the ethical paradox of direct

observations and could minimize the Hawthorne effect.?? Video recording as a tool to assess the
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quality and performance of NR in LMICs may have great potential, but experiences with it are scarce,

with a limited number of studies on the topic and only from larger tertiary or referral hospitals.?3-2°

Our study utilize the Bowen feasibility framework that was developed to help researchers design
feasibility studies that can support and prepare investigators for larger scale testing. The framework
is widely adopted and cited more than 2100 times.’* Feasibility studies are generally used to
determine if a programme, intervention or policy are recommended for further testing and could have
the intended effect on the outcome as hypothesized.3°

We aimed to assess the feasibility of using video recordings as an objective tool to assess the quality
of care during NR at a secondary level district hospital in a low-resource setting. To our knowledge,
this is the first study that used NR video documentation performed in a district hospital in a low-
resource setting with a poor and unstable power supply, unstable internet connection, and high

neonatal mortality.

METHODOLOGY

Study design

The study was a prospective observational feasibility study. It was designed in preparation for the
Newborn Emergency Outcome trial (NCT04093778). The study was conducted over four weeks in
April and May 2019 at Chake-Chake District Hospital in Pemba, Zanzibar, Tanzania. The study was
approved by the Zanzibar Health Research Institute (NO.ZAREC.02/APR/2019/20).

The feasibility study used Bowen's feasibility study framework with eight wide-ranging areas of
attention.’® The study assessed all of Bowen’s eight focus areas; acceptability, demand,
implementation, practicality, adaptation, integration, expansion, and limited-efficacy testing (table

1).30

Setting

Pemba is an island in the archipelago of Zanzibar with a population of 500,000. The stillbirth rate is
estimated at 27.7 per 1,000 live births, and the neonatal mortality rate is approximately 16.0 per 1,000
live births.3! The island has four district hospitals; this study includes data collected at Chake-Chake
district hospital, with approximately 5000 annual deliveries.’> The main delivery room has three

delivery beds and one resuscitation table. In addition, the hospital has a movable table for
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resuscitation in the operating theatre. The resuscitation tables are also used for the post-delivery
observation of healthy newborns not undergoing resuscitation. At Chake-Chake Hospital, midwives
are responsible for the postnatal care of all neonates, including resuscitation. The NR guidelines
available in facilities were a Helping Babies Breathe poster, national guidelines provided by the
Ministry of Health and WHO guidelines. The available equipment consists of gloves, bulb suction, a
self-inflating bag and mask, and an oxygen source (not always available). A traditional cloths called
kanga brought by the mother is available for wrapping, drying and to prevent heat loss of the newborn

after delivery.

Study population

All women delivering at Chake-Chake Hospital and their newborns were eligible for participation.
The women in the maternity and delivery ward were enrolled in the study as soon as possible after
admission. The women could be enrolled until the expulsion phase of the second stage of labour with
written or oral consent using fingerprints, and consent was confirmed post-partum. All health workers
at the Chake-Chake Hospital delivery ward gave consent for participation, no economic incentives
were provided. Several meetings, direct observations, informal conversations were held with prior to

the study to ensure participatory commitment and equal partnership.

Data sources and management equipment

We recorded NR performance using motion-triggered Smart Cam Pro cameras installed above the
radiant heater at the resuscitation tables. The cameras provided video recordings with audio, capturing
whenever a newborn was placed on the resuscitation tables. The audio was only used to determine if
the newborn was crying, gasping or grunting and neither conversations nor background noise were
included in the analysis to avoid privacy issues. The camera had a shield around it and the image was
zoomed to show only the newborn and the hands of the resuscitation team. The research assistants
covered the camera if a non-consent woman gave birth, since all delivery beds shared the resuscitation
table. Research assistants were present at the maternity and delivery ward 24 hours a day. The
research assistants placed an individually assigned identification card on the resuscitation table just
before or after the placement of the newborn. Time stamps and identification numbers were matched
with the hospital register for the recorded delivery. The identification number followed the woman

and her newborn until discharge. The videos were stored on an encrypted micro-SD card in the
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camera, and the data were uploaded to a secure database. Only the international research team could

access the videos to ensure the individual health workers' anonymity.

Postnatal questionnaire with socio-demographics, obstetric history, pregnancy information, delivery
outcome, neonatal characteristics, and acceptability of video recordings were collected by research
assistants on paper and entered directly into the secure data collection software RedCap (v5.12.1) on

Lenovo version 7 tablets.

Outcomes and variables

We evaluated feasibility using Bowen’s framework for feasibility studies (table 1).3° All post-partum
women and health workers in the maternity ward answered an acceptability question on a Likert scale.
For health workers, the acceptability question was, "How comfortable did you feel about the neonatal
resuscitation being filmed?" For post-partum women, the acceptability question was, "How
comfortable did you feel about your baby being video filmed?" (table 2). Additionally, we conducted
18 semi-structured interviews, nine with post-partum women (one to three days after delivery) and
nine with health workers in the maternity ward. The qualitative analysis is beyond the scope of this

paper and will be reported in another study.

We logged and described the video recordings' practicality and technicality. An analytical framework
for limited efficacy testing of quality of care indicators was developed where resuscitation procedures
were scored according to guidelines.’® The clinical appearance of the newborn was logged as no
respiration = 0, gasping = 1, or breathing = 2. The clinical actions performed by the health workers
were registered in a thematic template that assesses performance on; heat loss prevention, positioning
of the newborn's head, clearing the airway via suction, stimulation, bag and mask ventilation, heart
rate assessment, and oxygen management. Each intervention performance was assessed at three
levels: properly performed procedures, inadequate procedures (delayed intervention or inadequate
technique for a given procedure), and procedures omitted or performed but not indicated according

to NR guidelines.

Data analysis
Videos where resuscitation with bag and mask was performed were included in the analysis. Video

recordings were analysed by two independent researchers (CS and SL). If any doubts arose, the
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researchers consulted with another member of the study team. A timeline of interventions while the
newborn was placed on the resuscitation table and the subsequent events were produced (Figure 1).
We transferred data from the video observations from Excel (version 2011, Microsoft Corporation,
Washington, United States) and quantitative variables from Redcap to SPSS (version 27.0, IBM, New
York, United States) for descriptive statistics. We categorized continuous variables according to
common medical standards and newborn risk factors. We expressed the data as number and
percentage or median and interquartile range (IQR). The translated semi-structured qualitative
interviews were imported to NVivo (version 13) and analysed thematically. The full thematic
qualitative analysis of the semi-structured interviews is beyond the scope of this paper and will be

reported in a separate paper.

Patient and public involvement
Patients and the public were not involved in developing research questions, designing, conducting,
or disseminating the study. During this research patients and staff were interviewed with semi-

structured questionnaires as informants to adjust the main study with patient involvement.

Role of funding source
The funders of this study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the manuscript. The corresponding author had full access to all the data

in the study and was responsible for submitting the manuscript for publication.

Results

Participating women and health workers

During the study period, 274 women were eligible for participation, of which 239 had spontaneous
vaginal deliveries and 35 caesarean sections (figure 1). One hundred and thirty-nine women gave
consent. Of the 139 enrolled women that gave birth to 139 newborns, 101 (73%) newborn were taken
to the resuscitation table and captured by the video camera, the camera was shielded if a newborn
without consent was placed at the table. Forty-four (44%) of the newborns brought to the resuscitation
table were not crying when placed there, and eight underwent resuscitation with bag and mask
ventilation. Up to three newborns at a time were placed on the same resuscitation table. Twenty-six

health workers were working in the delivery ward and participated in the deliveries during the study

9

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

R e

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 12 of 34

period. Demographics of the participating women (table 3) and health workers (table 4) and delivery

and birth outcomes of the newborn in (table 5).

We report feasibility according to Bowen et. al. feasibility framework using all eight areas of focus
1) Acceptability, 2) Demand, 3) Implementation, 4) Practicality, 5) Adaptation, 6) Integration, 7)
Expansion, 8) Limited-efficacy testing (table 1).3°

Acceptability of video recordings

Acceptability among the delivering women of the NR video recordings was high, with 89-7% being
either very comfortable or comfortable and only one woman felt uncomfortable 0-7%, and 12 women
did not answer the question. Twenty-five of the 26 participating health workers (96-0%) responded
to the question and 92.3% was either very comfortable or comfortable, only one health worker felt

uncomfortable (table 2).

Practicality and technicality

We registered the practical and technical feasibility of capturing NR with motion-triggered cameras
during the study period, and although the solution was technically feasible, we made several
adjustments (table 1). There were some concerns regarding the camera's angle, and a shield was
created around it to make it obvious to everyone that the camera was only capturing the newborn and
health worker's hands. We installed a camera on a stand at the portable resuscitation table to capture
the table, but this solution was suboptimal and adjusted with a more stable version. The camera ran
solely on power banks, since we could not rely on the hospital's power supply. The camera had a
secure encrypted SD memory card, and the video material captured was uploaded to a secure database
over a Wi-Fi connection. The hospital did not have a stable Wi-Fi connection, so we installed a

password-protected 4G Wi-Fi connection that ran on power banks near the resuscitation table.

Limited-efficacy testing

To study limited-efficacy (table 1), the videos were analysed to see if they added value by providing
new evidence of gaps in clinical performance (table 6). Of the 139 included newborns, eight were
resuscitated with bag and mask ventilation and captured on video. According to the questionnaire,
further two newborns were resuscitated, but not captured on video, possibly because the resuscitation

took place away from the resuscitation table or an episode occurred when the camera was shielded
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due to a non-consent woman giving birth simultaneously. Two other newborns were stillborn: the
corresponding video showed a baby with a very low birth weight, whereas the other child was not

captured on video.

The health workers report was that all newborns had been resuscitated with adequate stimulation,
suction, ventilation, and heat loss prevention. The eight videos, however, showed that heat loss
prevention measures were not performed in half of the resuscitations. In two cases, the head
positioned incorrectly and not in a neutral position. Clearing the airway via suction was not performed
correctly in six cases. As none of the cases were born in thick meconium, suction was not
recommended according to NR guidelines.?® Nevertheless, all eight were suctioned vigorously and
repeatedly. None of them were stimulated correctly, either. One infant, in need of ventilation, was
not ventilated at all, and the remaining were ventilated ineffectively with undue delay, wrong
technique, or in short and interrupted sequences rather than as a sustained effort. In two cases,
ventilation efforts were halted before regular breathing. The timeline of events of each resuscitation
video showed that while six in need of resuscitation were ventilated within one minute of placement
on the resuscitation table, two were not (figure 2). The average time on the resuscitation table before
ventilation was 41 s (0-96). Only, one-third of the newborns in need of resuscitation were stimulated
within their first minute on the resuscitation table. The average time spent on suction was 35 s (00:00—
01:22). All resuscitations deviated from NR guidelines. However, all newborns who underwent

resuscitation in the videos survived until discharge.

Discussion

In this study, using video recordings to assess the quality of care during NR in a low-resource setting
proved feasible and provided valuable objective measures of performance in the timing of events and
adherence to NR guidelines. The application was highly acceptable among the facility's delivering
women and health workers, with more than 90% comfortable or very comfortable. We also found
video recording practically and technically achievable, albeit operationally challenging. We found a
demand from health workers to focus on NR and a need to improve NR based, and our limited efficacy
testing on performance gaps supports this. We conclude that the study can be expanded to include all
district hospitals in Pemba as planned in the NEO-study. The efficacy testing of video recordings
suggested that it may provide added value. In Chake-Chake District Hospital, performance in NR was

sub-optimal, as was adherence to NR guidelines.
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The need for clinical management assessments during actual NR and related training programs for
all healthcare workers involved in the management of newborns is undeniable. Nearly all neonatal
deaths attributed to intrapartum-related events occur in LMICs and may constitute of up to 60% of
neonatal deaths in primary facilities and secondary level hospitals.>* Among the survivors of
intrapartum-related events, 1 million may develop cerebral palsy or other disabilities each year.>> NR
is an emergency associated with high stress among health workers, resulting in frequent medical
errors and lack of adherence to guidelines. The noted deviations from guidelines are in line with
studies that also used a video review process to analyse NR in high-income countries.!” Schilleman
et al. found in a study from 2012 that only 21% of recorded resuscitations were performed entirely
according to local guidelines, and McCarthy et al. reported in a study from 2013 that the
recommended NR timeline is rarely followed in real-life resuscitations.!” '° Yamada et al. (2015)
similarly classified and quantified the types of errors observed in 250 NR recordings in their
institution.3® They identified a 23% error rate for all tasks determined to be important elements of the
NR algorithm. Errors similar to our study included omission of tasks that according to guidelines
were indicated or tasks that were performed although not indicated, with incorrect timing or
technique. Deviations from guidelines were more common and could consist of tasks that were
performed but not indicated, tasks performed at the incorrect time, or tasks performed but following

an improper technique.

To our knowledge, the study is the first to use video recordings of NR in a secondary district level
hospital in a low-income country. Video has been used as a component of development and
assessment of training interventions for health worker performance and was found feasible in tertiary
hospitals in Nepal and Mozambique.???* In a study from 2017 from Nepal, Wrammert et al. compared
the resuscitation practices of low and normal birthweight infants using video camera recordings,
noting crying, stimulation, ventilation, suctioning, and oxygen administration during resuscitation.?*
In as study from 2015 from Mozambique, Trevisanuto et al. similarly used video recordings of 100
resuscitations to assess the effect of an adapted NR program course on healthcare providers'
performance, finding a significant improvement in resuscitation scores in all levels of resuscitation
from before and after the course.?? In a study from 2020 from Uganda, Pejovic et al. used video

recordings to assess the effect of a specific intervention ventilation with face masks versus laryngeal
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masks. It concluded that laryngeal mask reduced time to spontaneous breathing compared with face

mask during newborn resuscitation in a low-resource setting.?®

There is not a standardized method or approach analysing NR performance videos. Carabine et al.
developed a scoring system used in a high-income setting in a study from 2000, which Trevisanuto
et al. adapted to a low-resource setting in 2015.!7 2 We were inspired by these systems but had to

further adjust them due to our study occurring in a secondary level facility in a low-resource setting.

The limited efficacy testing in our study was positive. We found the video recordings usable for
objective assessments of health worker performance, detail, and timeliness during actual NR
resuscitations. In our study, NR performance was sub-optimal, particularly for essential NR
interventions such as stimulation, suction, and bag and mask ventilation. Similarly, Lindbécket et al.
identified guideline deviations in over 50% of resuscitations in a tertiary hospital in Nepal in a study
from 2015.2° We found that bag and mask ventilation in particular was inadequately performed, and
suction was excessive and used vigorously even when not medically indicated. These findings are in
line with other studies that followed a video review process to analyse NR performance in LMICs.!”
20 Lindbacket et al. also noted excessive use of oxygen, which we did not, likely because our setting
was a secondary level facility with limited access to oxygen therapy due to an insufficient supply
chain, and only one oxygen dispenser available for the whole hospital.?® A further important finding
of the present study concerns the timeline of resuscitation, where initiation and the duration of all
procedures were inconsistent with the times recommended by guidelines.

Twenty-five percent of newborns in need of resuscitation did not have bag and mask ventilation
initiated within the first minute of life. In a study from Mozambique Pietravalle et al. examined tactile
stimulation in a study from 2018 and, similar to our findings, found that multiple stimulation
techniques were administered in two-thirds of neonates (64.7%), while recommended techniques
(rubbing the back or flicking the soles of the feet) occurred in less than 10% (8.8%). The median
stimulation duration was 17 s (IQR 9-33)%3, which is much shorter than our study, where the median
time was 75 s (IQR 90). Gaertner et al. evaluated video recordings of 75 stimulated infants, including
early preterm infants in a study from 2018, and suggested that truncal stimulation (drying, chest rubs,

and back rubs) might be more effective than foot flicks.?!
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The limited combined experiences indicate that videos of clinical performance during actual NR in
LMICs provide valuable objective information to improve quality of care and patient safety and
survival. Improving this requires focus. Identifying errors during real-life situations can drive the type
of training and guideline adjustments needed, such as an enhanced focus on avoiding excessive and
unnecessary suction practices, stimulation techniques, timely and sustained positive pressure, and bag
and mask ventilation techniques.?? 373 Despite an unstable power connection, the video recordings
were technically possible through backup power sources in our setting. Our intervention was low-
cost and relatively easy to install. Like other studies, we used cameras that activated automatically,
which did not interfere with the resuscitation process and thus took focus from the neonate. Others in
more resourceful settings have used multiple cameras for different angles that include the neonate,
healthcare professionals delivering care, and equipment being used.*® Due to ethical, privacy and

logistical reasons, this was not feasible in our setting.

There is a need for research in the improvement of the quality of NR in low-resource facilities with
local adaptation of clinical guidelines based on the actual clinical reality of health workers, adapted
training programs, and scarce resources considered. Challenges in many LMIC are diverse and our
study reiterates the need for locally adapted guidelines with the clinical reality in mind as discussed

by Maaloe et. Al in a viewpoint from 2021.4!

Few qualitative studies explore health providers' attitudes towards the video recording of NR.!7 4243
We found that healthcare workers in general adapted quickly to the presence of the camera and their
acceptability was high, as was that for delivering women.!” An extensive qualitative study from 2018
from the Netherlands and United States with 49 semi-structured interviews concluded that recording
and reviewing NR is highly beneficial for learning and improving resuscitation skills and is
considered acceptable by clinical staff.*3 Parents and health workers have generally accepted that
recordings may be created for better patient safety, quality improvement, and education both in
studies from Nepal, the Netherlands, and the United States.*3 % Video recordings during emergencies
can create controversy, and therefore privacy concerns, medicolegal consequences, storage, and
consent must be discussed before implementation.*> Some programs in high-income countries include
a statement in the general admission consent stating that photography and video recording for patient
safety, quality improvement, and professional training purposes may occur in the hospital. However,

general consent forms at admission are not a widespread practice in LMIC facilities. Consent in
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emergency research and consent during labour and childbirth is challenging with many ethical aspects
and some true dilemmas. Ideally the woman should be informed in a quiet manner in an antenatal
visit, but this method was not possible in our setting, and will disturb many pregnant women
unnessarily, and will miss those who do not come for antenatal visits. The consent process was
discussed back and forth between the research team and the local ethical committee, and we agreed
on consent until the expulsion phase, with an emphasis on confirmation of consent post-partum, while

a waiver of consent was not deemed acceptable in the local context.

Strengths and limitations

The study's main strengths are the prospective study design and the large population size for a
feasibility study. Video recordings of neonatal resuscitation both circumvents the ethical paradox of
direct clinical observations and could minimize the Hawthorne effect after an adjustment period.
Our study had some limitations. The observers assessing the same video images may have differences
in their assessment of the clinical situation involving NR, this was not the case our study, since the
videos were scored in collaboration, but this might not be possible in larger studies with a greater
volume of videos. Other studies have investigated inter-rater reliability and displayed a high (above
90%) reliability for the use of bag and mask ventilation and suctioning, but lower reliability for
oxygen administration and stimulation.** The most sensitive indicator of resuscitation being
successful is an increase in the newborn's heart rate. We did not assess heart rate or oxygenation in
our resuscitation study since the equipment is not available in the local context, which could have
been valuable when assessing the health workers' resuscitation efforts and outcomes. Due to local
ethical committee regulations, our study asked the delivering women for their prospective consent.
More than 36% of the women were not approached for consent due to being in too much pain, late
presentation at the hospital or an obstetric emergency. Indeed, these newborns have an increased risk
of the need for resuscitation, intrapartum stillbirth, and asphyxiation, and hence high-level
emergencies may not be included in our feasibility study due to the prospective enrolment process.*®
This is a bias, and the finding in this feasibility study may not necessarily mimic newborns' actual
situation and challenges, and the results may underestimate the need for NR. An alternative approach
used in other studies is a waiver of consent, where consent is obtained before delivery when possible;

otherwise, researchers seek retrospective consent.*’

Conclusion
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Video recording of neonatal resuscitation at a district hospital in a resource constraint setting was
feasible and provided vital information on the quality and timeliness of provided care.

The unstable power supply and lack of reliable internet connection created practical and technical
challenges but were manageable. The efficacy testing was positive in assessments of health worker
performance and adherence to NR guidelines. All recorded resuscitations demonstrated deviations
from NR guidelines, and although all eight infants were manually ventilated as required and all infants
survived to discharge, the ventilation was started too late, stopped too early, or delivered ineffectively.

More research is still needed in the use of video recordings to assess and improve the quality of NR.
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Bowen acceptability framework adapted

Area of focus

Definitions according to Bowen°

Outcomes of interest from results from the

current NEQ feasibility study

1. Acceptability

- To what extent will participants

accept the new idea?

Acceptability of video recordings with
a Likert acceptability scale question for
all women and health workers
Acceptability interview with mothers

and health workers

2. Demand

- Is there a demand?
- Is it Fit within the? organizational

culture

Perceived demand for focus on
neonatal resuscitation by health
workers

Appropriate within the organizational
culture

Desperate need for improvement of
neonatal resuscitation practice
Exploratory and participatory meetings
and workshops with staff before the
design of the study

Exploratory meetings with
stakeholders, policymakers, and

officials from the Ministry of Health

3. Implementation

- Can the new idea be successfully

implemented?

Recordings of NR can be implemented
There is an ability of the study team to
carry out and implement the study at
the health facility

4. Practicality

- Implementation with existing
means, resources, and

circumstances?

Awareness of technical challenges
The extent where the video recordings
are possible in the context

Efficiency, speed, and quality of
implementation setting with an
unstable power source and unstable

internet

5. Adaptation

- To what extent can a new idea
perform when changes are made

for a new format?

The extent where video recordings are
possible when a non-consent woman is

in the delivery room
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Degree to which similar

outcomes are obtained in a new

The extent to video recordings can be

implemented without effect on clinical

format? work
6. Integration To what extent can it be Fit within existing infrastructure.
integrated into the existing Video recordings work in a local
system? context with no influence on workflow
7. Expansion To what extent can the method be Positive effects on the health system
expanded? explored
Possible expansion with all practical
factors considered
The extent to which video recordings
of NR can be scaled up or in more
facilities
8. Limited- Does the new idea show promise The added value of video recordings to

efficacy testing

of being successful in the
intended populations?
Intended effects on key

intermediate variables

assess the quality of NR.
Small-scale analysis of NR videos and
development of a thematic template

scoring system
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Table 2 Acceptability of video recordings during neonatal resuscitation

Women n=139 (%)
Very comfortable 26 (18.7)
Comfortable 100 (71.9)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(0.7)
Very uncomfortable 0(0.0)
Data missing 12 (8.6)

Health workers n =26 (%)
Very comfortable 10 (38.5)
Comfortable 14 (53.8)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(3.8)
Very uncomfortable 0(0.0)
Missing 1(3.8)
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Table 3 Characteristics of the participating women

Demographics n =139 (%)
Age distribution
<20 years 1394)
20-29 years 83 (59.7)
30-39 years 34 (24.5)
> 40 years 0 (0.0)
Unknown 9 (6.5)
Civil status
Married 138 (99.3)
Single 0(0.0)
Unknown 1(0.7)
Education
None 1(0.7)
Primary 19 (13.7)
Secondary 106 (76.3)
> Secondary 12 (8.6)
Unknown 1(0.7)
Parity
Primiparous 34 (24.5)
Multiparous (2—4) 67 (48.2)
Grand multiparous (> 5) 37 (26.6)
Unknown 1(0.7)

Antenatal care visits
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Did not attend 0
1-3 48 (34.5)
>4 86 (61.9)
Unknown 5(3.6)
Previous Caesarean Section
Yes 9 (6.5)
No 122 (87.8)
Unknown 7 (5.0)
Table 4 Participating health workers
n=26 (%)
Gender
Female 23 (88.5)
Male 3 (11.5)
Age
< 30 years 11 (42.3)
30-50 years 13 (50.0)
> 50 years 2(1.7)
Education
General nurse 8 (30.8)
Nurse midwife 8 (30.8)
Medical doctor 3(11.5)
Clinical officer 3(115)
Assistant nurse 4154

Years since graduation
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<5 19 (73.1)
5-10 3 (11.5)
> 10 4(154)
Number of deliveries in the month prior
to the study
<5 3(11.5)
620 8 (30.8)
>20 15 (57.7)
Post-graduate Neonatal Resuscitation
course
Yes 15 (57.7)
No 11 (42.3)
26
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Table 5 Delivery and neonate characteristics at birth

Not resuscitated | Resuscitated
n=131(%) n=8 (%)

Mode of delivery

Spontaneous vaginal delivery 121 (92.4) 7 (87.5)

Assisted vaginal delivery 1(0.7) 00

Caesarean section 9(6.9) 1(12.5)
Presentation

Cephalic 123 (93.9) 5(62.5)

Breech 43.1) 3(37.5)

Other 1(0.8) 000

Unknown 3(2.3) 0(0)
Born in thick meconium

Yes 5(3.8) 000

No 108 (82.4) 8 (100)

Unknown 18 (13.7) 0(0)
Foetal heart rate at the admission
of the delivering woman

Yes 127 (96.9) 8 (100)

No 4(3.1) 0(0)
Neonate status at birth

Alive at birth 127 (96.9) 8 (100)

Stillbirth fresh 2(1.5) 0(0)

Stillbirth macerated 2(1.5) 0(0)

Gender
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Male 62 (47.3) 3 (37.5)
Female 69 (52.7) 5(62.5)
Birthweight, grams
<1500 1(0.8) 0(0)
1500-2500 17 (13.0) 3(37.5)
2501-4000 108 (82.4) 5(62.5)
> 4000 431 00
Data missing 1(0.8) 0(0)
Table 6 Quality of resuscitation assessed by video recordings in 0—15 min of life
n=_8 (%) Median (IQR)
Heat loss prevention
Not performed 4 (50)
Inadequately performed (Newborn dried with cloth but cloth not replaced by a | 2 (25)
new one; head not covered)
Well performed (Newborn dried and cloth replaced; wrapped and head covered) | 2 (25)
Time to first intervention 2s(14s)
Number of interventions/newborn 3Q2)
Total time spent on heat loss prevention 31s(275s)
Positioning of head
Not performed 0(0)
Inadequately performed (Head hyperextended or bent to the side) 2 (25)
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Well performed (Head in a snifting position)

6 (75)

Time to first intervention

42 5 (38 s)

Number of interventions/newborn

5@

Total time spent on positioning of the head

12s(11s)

Clearing the airway via suction

Not performed when indicated (meconium)

0 (0)

Inadequately performed (Done after the first minute of life; longer than 5 s;

Incorrect order (nasal suction before oral); excessive number of times)

5(63)

Well performed (or not performed when not indicated)

3(27)

Time to first intervention

16 s (15s)

Number of interventions/newborn

2(2)

Total time spent on suction

415(363)

Stimulation

Not performed (Indicated when inactive, apnoeic/not spontaneously breathing

or gasping)

1(22)

Inadequately performed (Stimulation performed on other places than the back

or soles of the feet; too aggressively; excessive number of times)

7 (88)

Well performed

0 (0)

Time to first intervention

415 (265)

Number of interventions/newborn

7 (10)

Total time spent on stimulation

755 (90 s)

Bag and mask ventilation

Not performed

1(22)

Inadequately performed (Initiation after the first minute of life; incorrect mask

size; incorrect rate (not 40-60 rpm); incorrect technique (mask turned wrong

7(88)
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way); mask leak; not re-evaluated for response after 30 s; undue delay; short

interrupted sequences)

Well performed

0 (0)

Time to first intervention

395 (38 5s)

Number of interventions/newborn

8 (11)

Total time spent on bag and mask ventilation

130 s (181 s)

Heart rate assessment

Not performed

7 (88)

Inadequately performed (Performed by feeling the umbilicus)

1(22)

Well performed (Performed with stethoscope)

0 (0)

Time to first intervention

148 s (200 s)

Number of interventions/newborn

1(0)

Total time spent on heart rate assessment

5s(75s)

The number of interventions refers to the number of (separate) episodes of that intervention. s=seconds
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Assessed for eligibility
e  Women (n=274)
. Health Workers (n=26)

A 4

Excluded women (n=135)

Not meeting inclusion criteria (n=0)
Declined to participate (n=10)
Delivered before consent (n=90)
C/S before consent (n=35)

Excluded health workers (n=0)

Women

e Questionnaire (n=139)
Health Workers

e Questionnaire (n=26)

Recorded videos from resuscitation table (n=101)

— Excluded videos (n=93)

No resuscitation with bag and mask

v

Videos with bag and mask resuscitation (n=8)
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 5
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5&
recruitment, exposure, follow-up, and data collection 6
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 6
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 7&8
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8

Continued on next page

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—TIf applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially | 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 8
(¢) Consider use of a flow diagram Figure
1
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and | 8
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | Figure
1
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8 &18
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 19,
sensitivity analyses 24&25
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 13
imprecision. Discuss both direction and magnitude of any potential bias &14
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 14
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if | 14

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract
Objectives
To assess the feasibility of using video recordings of neonatal resuscitation (NR) to evaluate the

quality of care in a low-resource district hospital.

Design

Prospective observational feasibility study.

Setting
Chake-Chake Hospital, a district hospital in Pemba, Tanzania, in April and May 2019.

Participants

All delivering women and their newborns were eligible for participation.

Main outcome measures
Motion-triggered cameras were mounted on resuscitation tables and provided recordings that were
analysed for quality of care indicators based on the national NR algorithm. Assessment of feasibility

was conducted using Bowen's eight-point framework for feasibility studies.

Results

91% (126/139) of women and 96% (24/26) of health workers were comfortable or very comfortable
with the video recordings. Of 139 newborns, eight underwent resuscitation with bag and mask
ventilation. In resuscitations, heat loss prevention measures were not performed in half of the cases
(4/8), clearing the airway was not performed correctly five of eight cases, and all newborns were
suctioned vigorously and repeatedly, even when not indicated. In a quarter (2/8) of cases, the
newborn's head was not positioned correctly. Additionally, two of the eight newborns needing
ventilation were not ventilated within the first minute of life. In none of the eight cases did ventilation

appear to be performed effectively.

Conclusions

2
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It proved feasible to use video recordings to assess quality of care during NR in a low-resource setting,
and the method was considered acceptable for the delivering women and health workers. Recordings

of eight resuscitations all demonstrated deviations from NR guidelines.
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Strengths and limitations of this study

This is a prospective study with a large population size for a feasibility study.

This is the first study using video recordings of neonatal resuscitations at a secondary level
district hospital in a resource-limited setting.

Video recordings of neonatal resuscitation instead of direct clinical observations could
minimize the Hawthorne effect.

The study used prospective consent, which could cause missed opportunities for inclusion of
obstetric emergencies and thus potential neonatal emergencies in the study.

Inter-rater variance is a potential bias when video recordings of clinical performance is

assessed, scored, and analysed.
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Introduction

Globally, 2.5 million newborns die each year within the first 28 days of life. An additional 2.6 million
are stillborn, while half of them were alive at the onset of labour.! ? The leading causes of death are
infections, intrapartum asphyxia, and preterm birth complications.® 4 Prioritizing neonatal health is
on the global agenda, and United Nations Sustainable Development Goal (SDG) 3.2.2 is to reduce
neonatal mortality to at least 12 per 1,000 live births by 2030.> Two-thirds of countries at risk of
missing this SDG target are in Sub-Saharan Africa.® By 2025 it is estimated that 71% of neonatal

deaths could be avoided with adequate healthcare coverage and better quality of care.”

What happens in the first minutes after birth can influence an entire life, especially given that 5-10%
of newborns require assistance to begin breathing with tactile stimulation and 3—6% require bag and
mask ventilation.®!> In low- and middle-income countries (LMICs), resuscitation guidelines
including the American Academy of Paediatrics program - Helping Babies Breathe (HBB) are
simplified, and primarily focus on the management of airways and breathing within the first and
golden minute; with omission of chest compressions and more advanced resuscitation.'> Relevant
elements of care include the availability of equipment and trained staff to deliver consistent and
reliable resuscitation care, which is challenging in many LMICs.'? Neonatal mortality from
intrapartum-related events can be reduced by 30% with basic neonatal resuscitation (NR), and NR
training programs for health workers is of highest priority.®-19 13 However, educational NR programs
doesn’t necessarily result in improvements in clinical practice in the delivery room, nor expected
reductions in neonatal mortality rate.'#'¢ Therefore, it is necessary to assess health worker
performance during actual clinical NR, so trainings can be targeted to these specific elements and

better tailored to local needs and context.

Video recording has been used to evaluate health workers' NR performance in the past and for
research purposes in high-resource settings.!”?! Studies have documented a significant number of
deviations from the NR guidelines, also in high-resource settings.!’”?° The advantages of video-
recorded clinical performance include its low cost, minimal interference with the procedure
performed, and collection of real-time, unalterable objective data to assess performance.!’
Furthermore, there is an even stronger argument for using video-recordings instead of direct
observations in the delivery room, since the methodology circumvents the ethical paradox of direct

observations and could minimize the Hawthorne effect.?? Video recording as a tool to assess the
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quality and performance of NR in LMICs may have great potential, but experiences with it are scarce,

with a limited number of studies on the topic and only from larger tertiary or referral hospitals.?3-2°

Our study utilises the Bowen feasibility framework that was developed to help researchers design
feasibility studies that can support and prepare investigators for larger scale testing. The framework
is widely adopted and cited more than 2100 times.’* Feasibility studies are generally used to
determine if a programme, intervention or policy are recommended for further testing and could have

the intended effect on the outcome as hypothesized.3°

We aimed to assess the feasibility of using video recordings as an objective tool to assess the quality
of care during NR at a secondary level district hospital in a low-resource setting. To our knowledge,
this is the first study that used NR video documentation performed in a district hospital in a low-
resource setting with a poor and unstable power supply, unstable internet connection, and high

neonatal mortality.

METHODS

Study design

The study was a prospective observational feasibility study. It was designed in preparation for the
Newborn Emergency Outcome trial (NCT04093778). The study was conducted over 4 weeks in April
and May 2019 at Chake-Chake District Hospital in Pemba, Zanzibar, Tanzania. The study was
approved by the Zanzibar Health Research Institute (NO.ZAREC.02/APR/2019/20).

The feasibility study used Bowen's feasibility study framework with eight wide-ranging areas of
attention.’® The study assessed all of Bowen’s eight focus areas; acceptability, demand,
implementation, practicality, adaptation, integration, expansion, and limited-efficacy testing (table

1).30

Setting

Pemba is an island in the archipelago of Zanzibar with a population of 500,000. The stillbirth rate is
estimated at 27.7 per 1,000 live births, and the neonatal mortality rate is approximately 16.0 per 1,000
live births.3! The island has four district hospitals; this study includes data collected at Chake-Chake

district hospital, with approximately 5000 annual deliveries.’> The main delivery room has three
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delivery beds and one resuscitation table. In addition, the hospital has a movable table for
resuscitation in the operating theatre. The resuscitation tables are also used for the post-delivery
observation of healthy newborns not undergoing resuscitation. At Chake-Chake Hospital, midwives
are responsible for the postnatal care of all neonates, including resuscitation. The NR guidelines
available in facilities were a Helping Babies Breathe poster, national guidelines provided by the
Ministry of Health and WHO guidelines. The available equipment consists of gloves, bulb suction, a
self-inflating bag and mask, and an oxygen source (not always available). A traditional cloths called
kanga brought by the mother is available for wrapping, drying and to prevent heat loss of the newborn

after delivery.

Study population

All women delivering at Chake-Chake Hospital and their newborns were eligible for participation.
The women in the maternity and delivery ward were enrolled in the study as soon as possible after
admission. The women could be enrolled until the expulsion phase of the second stage of labour with
written or oral consent using fingerprints, and consent was confirmed post-partum. All health workers
at the Chake-Chake Hospital delivery ward gave consent for participation, no economic incentives
were provided. Several meetings, direct observations, informal conversations were held with prior to

the study to ensure participatory commitment and equal partnership.

Data sources and management equipment

We recorded NR performance using motion-triggered Smart Cam Pro cameras installed above the
radiant heater at the resuscitation tables. The cameras provided video recordings with audio, capturing
whenever a newborn was placed on the resuscitation tables. The audio was only used to determine if
the newborn was crying, gasping or grunting and neither conversations nor background noise were
included in the analysis to avoid privacy issues. The camera had a shield around it and the image was
zoomed to show only the newborn and the hands of the resuscitation team. The research assistants
covered the camera if a non-consent woman gave birth, since all delivery beds shared the resuscitation
table. Research assistants were present at the maternity and delivery ward 24 hours a day. The
research assistants placed an individually assigned identification card on the resuscitation table just
before or after the placement of the newborn. Time stamps and identification numbers were matched
with the hospital register for the recorded delivery. The identification number followed the woman

and her newborn until discharge. The videos were stored on an encrypted micro-SD card in the
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camera, and the data were uploaded to a secure database. Only the international research team could

access the videos to ensure the individual health workers' anonymity.

Postnatal questionnaire with socio-demographics, obstetric history, pregnancy information, delivery
outcome, neonatal characteristics, and acceptability of video recordings were collected by research
assistants on paper and entered directly into the secure data collection software RedCap (v5.12.1) on

Lenovo version 7 tablets.

Outcomes and variables

We evaluated feasibility using Bowen’s framework for feasibility studies (table 1).3° All post-partum
women and health workers in the maternity ward answered an acceptability question on a Likert scale.
For health workers, the acceptability question was, "How comfortable did you feel about the neonatal
resuscitation being filmed?" For post-partum women, the acceptability question was, "How
comfortable did you feel about your baby being video filmed?" (table 2). Additionally, we conducted
18 semi-structured interviews, nine with post-partum women (one to three days after delivery) and
nine with health workers in the maternity ward. The qualitative analysis is beyond the scope of this

paper and will be reported in another study.

We logged and described the video recordings' practicality and technicality. An analytical framework
for limited efficacy testing of quality of care indicators was developed where resuscitation procedures
were scored according to guidelines.’® The clinical appearance of the newborn was logged as no
respiration = 0, gasping = 1, or breathing = 2. The clinical actions performed by the health workers
were registered in a thematic template that assesses performance on; heat loss prevention, positioning
of the newborn's head, clearing the airway via suction, stimulation, bag and mask ventilation, heart
rate assessment, and oxygen management. Each intervention performance was assessed at three
levels: properly performed procedures, inadequate procedures (delayed intervention or inadequate
technique for a given procedure), and procedures omitted or performed but not indicated according

to NR guidelines.

Data analysis
Videos where resuscitation with bag and mask was performed were included in the analysis. Video

recordings were analysed by two independent researchers (CS and SL). If any doubts arose, the
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researchers consulted with another member of the study team. A timeline of interventions while the
newborn was placed on the resuscitation table and the subsequent events were produced (Figure 1).
We transferred data from the video observations from Excel (version 2011, Microsoft Corporation,
Washington, United States) and quantitative variables from Redcap to SPSS (version 27.0, IBM, New
York, United States) for descriptive statistics. We categorized continuous variables according to
common medical standards and newborn risk factors. We expressed the data as number and
percentage or median and interquartile range (IQR). The translated semi-structured qualitative
interviews were imported to NVivo (version 13) and analysed thematically. The full thematic
qualitative analysis of the semi-structured interviews is beyond the scope of this paper and will be

reported in a separate paper.

Patient and public involvement
Patients and the public were not involved in developing research questions, designing, conducting,
or disseminating the study. During this research patients and staff were interviewed with semi-

structured questionnaires as informants to adjust the main study with patient involvement.

Results

Participating women and health workers

During the study period, 274 women were eligible for participation, of whom 239 had spontaneous
vaginal deliveries and 35 had caesarean sections (figure 1). 139 women gave consent. Of the 139
enrolled women that gave birth to 139 newborns, 101 (73%) newborns were taken to the resuscitation
table and captured by the video camera, the camera was shielded if a newborn without consent was
placed at the table. 44 (44%) of the newborns brought to the resuscitation table were not crying when
placed there, and eight underwent resuscitation with bag and mask ventilation. Up to three newborns
at a time were placed on the same resuscitation table. 26 health workers were working in the delivery
ward and participated in the deliveries during the study period. Demographics of the participating

women (table 3) and health workers (table 4) and delivery and birth outcomes of the newborn in (table

5).
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We report feasibility according to Bowen et. al. feasibility framework using all eight areas of focus
1) Acceptability, 2) Demand, 3) Implementation, 4) Practicality, 5) Adaptation, 6) Integration, 7)
Expansion, 8) Limited-efficacy testing (table 1).3°

Acceptability of video recordings

Acceptability among the delivering women of the NR video recordings was high, with 89-7% being
either very comfortable or comfortable and only one woman felt uncomfortable 0-7%, and 12 women
did not answer the question. 25 of the 26 participating health workers (96-:0%) responded to the
question and 92.3% was either very comfortable or comfortable, only one health worker felt

uncomfortable (table 2).

Practicality and technicality

We registered the practical and technical feasibility of capturing NR with motion-triggered cameras
during the study period, and although the solution was technically feasible, we made several
adjustments (table 1). There were some concerns regarding the camera's angle, and a shield was
created around it to make it obvious to everyone that the camera was only capturing the newborn and
health worker's hands. We installed a camera on a stand at the portable resuscitation table to capture
the table, but this solution was suboptimal and adjusted with a more stable version. The camera ran
solely on power banks, since we could not rely on the hospital's power supply. The camera had a
secure encrypted SD memory card, and the video material captured was uploaded to a secure database
over a Wi-Fi connection. The hospital did not have a stable Wi-Fi connection, so we installed a

password-protected 4G Wi-Fi connection that ran on power banks near the resuscitation table.

Limited-efficacy testing

To study limited-efficacy (table 1), the videos were analysed to see if they added value by providing
new evidence of gaps in clinical performance (table 6). Of the 139 included newborns, eight were
resuscitated with bag and mask ventilation and captured on video. According to the questionnaire,
further two newborns were resuscitated, but not captured on video, possibly because the resuscitation
took place away from the resuscitation table or an episode occurred when the camera was shielded
due to a non-consent woman giving birth simultaneously. Two other newborns were stillborn: the
corresponding video showed a baby with a very low birth weight, whereas the other child was not

captured on video.
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The health workers report was that all newborns had been resuscitated with adequate stimulation,
suction, ventilation, and heat loss prevention. The eight videos, however, showed that heat loss
prevention measures were not performed in half of the resuscitations. In two cases, the head
positioned incorrectly and not in a neutral position. Clearing the airway via suction was not performed
correctly in six cases. As none of the cases were born in thick meconium, suction was not
recommended according to NR guidelines.?® Nevertheless, all eight were suctioned vigorously and
repeatedly. None of them were stimulated correctly, either. One infant in need of ventilation was not
ventilated at all, and the others were ventilated ineffectively with undue delay, wrong technique, or
in short and interrupted sequences rather than as a sustained effort. In two cases, ventilation efforts
were halted before regular breathing. The timeline of events of each resuscitation video showed that
while six in need of resuscitation were ventilated within one minute of placement on the resuscitation
table, two were not (figure 2). The average time on the resuscitation table before ventilation was 41
s (0-96). Only, one-third of the newborns in need of resuscitation were stimulated within their first
minute on the resuscitation table. The average time spent on suction was 35 s (00:00-01:22). All
resuscitations deviated from NR guidelines. However, all newborns who underwent resuscitation in

the videos survived until discharge.

Discussion

In this study, using video recordings to assess the quality of care during NR in a low-resource setting
proved feasible and provided valuable objective measures of performance in the timing of events and
adherence to NR guidelines. The application was highly acceptable among the facility's delivering
women and health workers, with more than 90% comfortable or very comfortable. We also found
video recording practically and technically achievable, albeit operationally challenging. We found a
demand from health workers to focus on NR and a need to improve NR based, and our limited efficacy
testing on performance gaps supports this. We conclude that the study can be expanded to include all
district hospitals in Pemba as planned in the NEO-study. The efficacy testing of video recordings
suggested that it may provide added value. In Chake-Chake District Hospital, performance in NR was

sub-optimal, as was adherence to NR guidelines.

The need for clinical management assessments during actual NR and related training programs for

all healthcare workers involved in the management of newborns is undeniable. Nearly all neonatal
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deaths attributed to intrapartum-related events occur in LMICs and may constitute of up to 60% of
neonatal deaths in primary facilities and secondary level hospitals.** Among the survivors of
intrapartum-related events, 1 million may develop cerebral palsy or other disabilities each year.>> NR
is an emergency associated with high stress among health workers, resulting in frequent medical
errors and lack of adherence to guidelines. The noted deviations from guidelines are in line with
studies that also used a video review process to analyse NR in high-income countries.!” Schilleman
et al. found in a study from 2012 that only 21% of recorded resuscitations were performed entirely
according to local guidelines, and McCarthy et al. reported in a study from 2013 that the
recommended NR timeline is rarely followed in real-life resuscitations.!” '° Yamada et al. (2015)
similarly classified and quantified the types of errors observed in 250 NR recordings in their
institution.® They identified a 23% error rate for all tasks determined to be important elements of the
NR algorithm. Errors similar to our study included omission of tasks that according to guidelines
were indicated or tasks that were performed although not indicated, with incorrect timing or
technique. Deviations from guidelines were more common and could consist of tasks that were
performed but not indicated, tasks performed at the incorrect time, or tasks performed but following

an improper technique.

To our knowledge, the study is the first to use video recordings of NR in a secondary district level
hospital in a low-income country. Video has been used as a component of development and
assessment of training interventions for health worker performance and was found feasible in tertiary
hospitals in Nepal and Mozambique.?} ?* In a study from 2017 from Nepal, Wrammert et al. compared
the resuscitation practices of low and normal birthweight infants using video camera recordings,
noting crying, stimulation, ventilation, suctioning, and oxygen administration during resuscitation.?*
In as study from 2015 from Mozambique, Trevisanuto et al. similarly used video recordings of 100
resuscitations to assess the effect of an adapted NR program course on healthcare providers'
performance, finding a significant improvement in resuscitation scores in all levels of resuscitation
from before and after the course.?® In a study from 2020 from Uganda, Pejovic et al. used video
recordings to assess the effect of a specific intervention ventilation with face masks versus laryngeal
masks. It concluded that laryngeal mask reduced time to spontaneous breathing compared with face

mask during newborn resuscitation in a low-resource setting.?®
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There is not a standardized method or approach analysing NR performance videos. Carabine et al.
developed a scoring system used in a high-income setting in a study from 2000, which Trevisanuto
et al. adapted to a low-resource setting in 2015.!7 2 We were inspired by these systems but had to

further adjust them due to our study occurring in a secondary level facility in a low-resource setting.

The limited-efficacy testing in our study was positive. We found the video recordings usable for
objective assessments of health worker performance, detail, and timeliness during actual NR
resuscitations. In our study, NR performance was sub-optimal, particularly for essential NR
interventions such as stimulation, suction, and bag and mask ventilation. Similarly, Lindbécket et al.
identified guideline deviations in over 50% of resuscitations in a tertiary hospital in Nepal in a study
from 2015.2° We found that bag and mask ventilation in particular was inadequately performed, and
suction was excessive and used vigorously even when not medically indicated. These findings are in
line with other studies that followed a video review process to analyse NR performance in LMICs.!”
20 Lindbicket et al. also noted excessive use of oxygen, which we did not, likely because our setting
was a secondary level facility with limited access to oxygen therapy due to an insufficient supply
chain, and only one oxygen dispenser available for the whole hospital.>® A further important finding
of the present study concerns the timeline of resuscitation, where initiation and the duration of all
procedures were inconsistent with the times recommended by guidelines.

25% of newborns in need of resuscitation did not have bag and mask ventilation initiated within the
first minute of life. In a study from Mozambique Pietravalle et al. examined tactile stimulation in a
study from 2018 and, similar to our findings, found that multiple stimulation techniques were
administered in two-thirds of neonates (64.7%), while recommended techniques (rubbing the back or
flicking the soles of the feet) occurred in less than 10% (8.8%). The median stimulation duration was
17 s (IQR 9-33)%, which is much shorter than our study, where the median time was 75 s (IQR 90).
Gaertner et al. evaluated video recordings of 75 stimulated infants, including early preterm infants in
a study from 2018, and suggested that truncal stimulation (drying, chest rubs, and back rubs) might

be more effective than foot flicks.?!

The limited combined experiences indicate that videos of clinical performance during actual NR in
LMICs provide valuable objective information to improve quality of care and patient safety and
survival. Improving this requires focus. Identifying errors during real-life situations can drive the type

of training and guideline adjustments needed, such as an enhanced focus on avoiding excessive and
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unnecessary suction practices, stimulation techniques, timely and sustained positive pressure, and bag
and mask ventilation techniques.?? 37 Despite an unstable power connection, the video recordings
were technically possible through backup power sources in our setting. Our intervention was low-
cost and relatively easy to install. Like other studies, we used cameras that activated automatically,
which did not interfere with the resuscitation process and thus took focus from the neonate. Others in
more resourceful settings have used multiple cameras for different angles that include the neonate,
healthcare professionals delivering care, and equipment being used.*® Due to ethical, privacy and

logistical reasons, this was not feasible in our setting.

There is a need for research in the improvement of the quality of NR in low-resource facilities with
local adaptation of clinical guidelines based on the actual clinical reality of health workers, adapted
training programs, and scarce resources considered. Challenges in many LMIC are diverse and our
study reiterates the need for locally adapted guidelines with the clinical reality in mind as discussed

by Maaloe et. Al in a viewpoint from 2021.4!

Few qualitative studies explore health providers' attitudes towards the video recording of NR.!7 4243
We found that healthcare workers in general adapted quickly to the presence of the camera and their
acceptability was high, as was that for delivering women.!” An extensive qualitative study from 2018
from the Netherlands and United States with 49 semi-structured interviews concluded that recording
and reviewing NR is highly beneficial for learning and improving resuscitation skills and is
considered acceptable by clinical staff.*3 Parents and health workers have generally accepted that
recordings may be created for better patient safety, quality improvement, and education both in
studies from Nepal, the Netherlands, and the United States.*3 % Video recordings during emergencies
can create controversy, and therefore privacy concerns, medicolegal consequences, storage, and
consent must be discussed before implementation.*> Some programs in high-income countries include
a statement in the general admission consent stating that photography and video recording for patient
safety, quality improvement, and professional training purposes may occur in the hospital. However,
general consent forms at admission are not a widespread practice in LMIC facilities. Consent in
emergency research and consent during labour and childbirth is challenging with many ethical aspects
and some true dilemmas. Ideally the woman should be informed in a quiet manner in an antenatal
visit, but this method was not possible in our setting, and will disturb many pregnant women

unnecessarily, and will miss those who do not come for antenatal visits. The consent process was
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discussed back and forth between the research team and the local ethical committee, and we agreed
on consent until the expulsion phase, with an emphasis on confirmation of consent post-partum, while

a waiver of consent was not deemed acceptable in the local context.

Strengths and limitations

The study's main strengths are the prospective study design and the large population size for a
feasibility study. Video recordings of neonatal resuscitation both circumvents the ethical paradox of
direct clinical observations and could minimize the Hawthorne effect after an adjustment period.
Our study had some limitations. The observers assessing the same video images may have differences
in their assessment of the clinical situation involving NR, this was not the case our study, since the
videos were scored in collaboration, but this might not be possible in larger studies with a greater
volume of videos. Other studies have investigated inter-rater reliability and displayed a high (above
90%) reliability for the use of bag and mask ventilation and suctioning, but lower reliability for
oxygen administration and stimulation.** The most sensitive indicator of resuscitation being
successful is an increase in the newborn's heart rate. We did not assess heart rate or oxygenation in
our resuscitation study since the equipment is not available in the local context, which could have
been valuable when assessing the health workers' resuscitation efforts and outcomes. Due to local
ethical committee regulations, our study asked the delivering women for their prospective consent.
More than 36% of the women were not approached for consent due to being in too much pain, late
presentation at the hospital or an obstetric emergency. Indeed, these newborns have an increased risk
of the need for resuscitation, intrapartum stillbirth, and asphyxiation, and hence high-level
emergencies may not be included in our feasibility study due to the prospective enrolment process.*®
This is a bias, and the finding in this feasibility study may not necessarily mimic newborns' actual
situation and challenges, and the results may underestimate the need for NR. An alternative approach
used in other studies is a waiver of consent, where consent is obtained before delivery when possible;

otherwise, researchers seek retrospective consent.*’

Conclusion

Video recording of neonatal resuscitation at a district hospital in a resource-limited setting was
feasible and provided vital information on the quality and timeliness of provided care.

The unstable power supply and lack of reliable internet connection created practical and technical

challenges but were manageable. The efficacy testing was positive in assessments of health worker
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performance and adherence to NR guidelines. All recorded resuscitations demonstrated deviations
from NR guidelines, and although all eight infants were manually ventilated as required and all infants
survived to discharge, the ventilation was started too late, stopped too early, or delivered ineffectively.

More research is still needed in the use of video recordings to assess and improve the quality of NR.
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Figure 1. Flowchart of the study population

Figure 2. Timeline of interventions in the eight infants who were manually ventilated during resuscitation
The first line per case is the interventions performed. The second line represents a breathing score where red = 0 (no breathing),
yellow = 1 (gasping), green = 2 (breathing).

Table 1. Bowen acceptability framework (adapted)

Area of focus

Definitions according to Bowen3°

Outcomes of interest from results from the

current NEQ feasibility study

1. Acceptability

To what extent will participants

accept the new idea?

Acceptability of video recordings with
a Likert acceptability scale question for
all women and health workers
Acceptability interview with mothers

and health workers

2. Demand

Is there a demand?
Is it Fit within the? organizational

culture

Perceived demand for focus on
neonatal resuscitation by health
workers

Appropriate within the organizational
culture

Desperate need for improvement of
neonatal resuscitation practice
Exploratory and participatory meetings
and workshops with staff before the
design of the study

Exploratory meetings with
stakeholders, policymakers, and

officials from the Ministry of Health

3. Implementation

Can the new idea be successfully

implemented?

Recordings of NR can be implemented
There is an ability of the study team to
carry out and implement the study at
the health facility

4. Practicality

Implementation with existing
means, resources, and

circumstances?

Awareness of technical challenges
The extent where the video recordings
are possible in the context

Efficiency, speed, and quality of
implementation setting with an
unstable power source and unstable

internet
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5. Adaptation To what extent can a new idea The extent where video recordings are
perform when changes are made possible when a non-consent woman is
for a new format? in the delivery room
Degree to which similar The extent to video recordings can be
outcomes are obtained in a new implemented without effect on clinical
format? work

6. Integration To what extent can it be Fit within existing infrastructure.
integrated into the existing Video recordings work in a local
system? context with no influence on workflow

7. Expansion To what extent can the method be Positive effects on the health system
expanded? explored

Possible expansion with all practical
factors considered

The extent to which video recordings
of NR can be scaled up or in more
facilities

8. Limited- Does the new idea show promise The added value of video recordings to

efficacy testing of being successful in the assess the quality of NR.

intended populations?
Intended effects on key

intermediate variables

Small-scale analysis of NR videos and
development of a thematic template

scoring system
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Table 2. Acceptability of video recordings during neonatal resuscitation

Women n=139 (%)
Very comfortable 26 (18.7)
Comfortable 100 (71.9)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(0.7)
Very uncomfortable 0(0.0)
Data missing 12 (8.6)

Health workers n =26 (%)
Very comfortable 10 (38.5)
Comfortable 14 (53.8)
Neither comfortable nor uncomfortable 0(0.0)
Uncomfortable 1(3.8)
Very uncomfortable 0(0.0)
Missing 1(3.8)
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Table 3. Characteristics of the participating women

Demographics n =139 (%)
Age distribution
<20 years 1394)
20-29 years 83 (59.7)
30-39 years 34 (24.5)
> 40 years 0 (0.0)
Unknown 9 (6.5)
Civil status
Married 138 (99.3)
Single 0(0.0)
Unknown 1(0.7)
Education
None 1(0.7)
Primary 19 (13.7)
Secondary 106 (76.3)
> Secondary 12 (8.6)
Unknown 1(0.7)
Parity
Primiparous 34 (24.5)
Multiparous (2—4) 67 (48.2)
Grand multiparous (> 5) 37 (26.6)
Unknown 1(0.7)

Antenatal care visits
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Did not attend 0
1-3 48 (34.5)
>4 86 (61.9)
Unknown 5(3.6)
Previous Caesarean Section
Yes 9 (6.5)
No 122 (87.8)
Unknown 7 (5.0)
Table 4. Participating health workers
n=26 (%)
Gender
Female 23 (88.5)
Male 3 (11.5)
Age
< 30 years 11 (42.3)
30-50 years 13 (50.0)
> 50 years 2(1.7)
Education
General nurse 8 (30.8)
Nurse midwife 8 (30.8)
Medical doctor 3(11.5)
Clinical officer 3(115)
Assistant nurse 4154

Years since graduation
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<5 19 (73.1)
5-10 3 (11.5)
> 10 4(154)
Number of deliveries in the month prior
to the study
<5 3(11.5)
620 8 (30.8)
>20 15 (57.7)
Post-graduate Neonatal Resuscitation
course
Yes 15 (57.7)
No 11 (42.3)
26
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Table 5. Delivery and neonate characteristics at birth

Not resuscitated | Resuscitated
n=131(%) n=8 (%)

Mode of delivery

Spontaneous vaginal delivery 121 (92.4) 7 (87.5)

Assisted vaginal delivery 1(0.7) 00

Caesarean section 9(6.9) 1(12.5)
Presentation

Cephalic 123 (93.9) 5(62.5)

Breech 43.1) 3(37.5)

Other 1(0.8) 000

Unknown 3(2.3) 0(0)
Born in thick meconium

Yes 5(3.8) 000

No 108 (82.4) 8 (100)

Unknown 18 (13.7) 0(0)
Foetal heart rate at the admission
of the delivering woman

Yes 127 (96.9) 8 (100)

No 4(3.1) 0(0)
Neonate status at birth

Alive at birth 127 (96.9) 8 (100)

Stillbirth fresh 2(1.5) 0(0)

Stillbirth macerated 2(1.5) 0(0)

Gender
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Male 62 (47.3) 3 (37.5)
Female 69 (52.7) 5(62.5)
Birthweight, grams
<1500 1(0.8) 0(0)
1500-2500 17 (13.0) 3(37.5)
2501-4000 108 (82.4) 5(62.5)
> 4000 431 00
Data missing 1(0.8) 0(0)
Table 6. Quality of resuscitation assessed by video recordings in 0—15 min of life
n=_8 (%) Median (IQR)
Heat loss prevention
Not performed 4 (50)
Inadequately performed (Newborn dried with cloth but cloth not replaced by a | 2 (25)
new one; head not covered)
Well performed (Newborn dried and cloth replaced; wrapped and head covered) | 2 (25)
Time to first intervention 2s(14s)
Number of interventions/newborn 3Q2)
Total time spent on heat loss prevention 31s(275s)
Positioning of head
Not performed 0(0)
Inadequately performed (Head hyperextended or bent to the side) 2 (25)
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Well performed (Head in a snifting position)

6 (75)

Time to first intervention

42 5 (38 s)

Number of interventions/newborn

5@

Total time spent on positioning of the head

12s(11s)

Clearing the airway via suction

Not performed when indicated (meconium)

0 (0)

Inadequately performed (Done after the first minute of life; longer than 5 s;

Incorrect order (nasal suction before oral); excessive number of times)

5(63)

Well performed (or not performed when not indicated)

3(27)

Time to first intervention

16 s (15s)

Number of interventions/newborn

2(2)

Total time spent on suction

415(363)

Stimulation

Not performed (Indicated when inactive, apnoeic/not spontaneously breathing

or gasping)

1(22)

Inadequately performed (Stimulation performed on other places than the back

or soles of the feet; too aggressively; excessive number of times)

7 (88)

Well performed

0 (0)

Time to first intervention

415 (265)

Number of interventions/newborn

7 (10)

Total time spent on stimulation

755 (90 s)

Bag and mask ventilation

Not performed

1(22)

Inadequately performed (Initiation after the first minute of life; incorrect mask

size; incorrect rate (not 40-60 rpm); incorrect technique (mask turned wrong

7(88)

29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 32 of 34

way); mask leak; not re-evaluated for response after 30 s; undue delay; short

interrupted sequences)

Well performed

0 (0)

Time to first intervention

395 (38 5s)

Number of interventions/newborn

8 (11)

Total time spent on bag and mask ventilation

130 s (181 s)

Heart rate assessment

Not performed

7 (88)

Inadequately performed (Performed by feeling the umbilicus)

1(22)

Well performed (Performed with stethoscope)

0 (0)

Time to first intervention

148 s (200 s)

Number of interventions/newborn

1(0)

Total time spent on heart rate assessment

5s(75s)

The number of interventions refers to the number of (separate) episodes of that intervention. s=seconds
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Assessed for eligibility
e  Women (n=274)
. Health Workers (n=26)

A 4

Excluded women (n=135)

Not meeting inclusion criteria (n=0)
Declined to participate (n=10)
Delivered before consent (n=90)
C/S before consent (n=35)

Excluded health workers (n=0)

Women

e Questionnaire (n=139)
Health Workers

e Questionnaire (n=26)

Recorded videos from resuscitation table (n=101)

— Excluded videos (n=93)

No resuscitation with bag and mask

v

Videos with bag and mask resuscitation (n=8)
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 5
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting Describe the setting, locations, and relevant dates, including periods of 5&
recruitment, exposure, follow-up, and data collection 6
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 7
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 6
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 7&8
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8

Continued on next page

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—TIf applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially | 8
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 8
(¢) Consider use of a flow diagram Figure
1
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and | 8
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | Figure
1
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8 &18
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 19,
sensitivity analyses 24&25
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 13
imprecision. Discuss both direction and magnitude of any potential bias &14
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 14
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if | 14

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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