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ABSTRACT	 Objectives. To identify scientific evidence on the use and results of information and communication technol-
ogies for the improvement of neonatal health in general or specific health problems or interventions, and to 
describe the type of intervention and its results.

	 Methods. A systematic review of the available evidence was performed. The search was carried out in peer- 
reviewed journals between January 1, 2008 and April 30, 2018, in English and Spanish. The searched key terms 
were (health informatics OR telemedicine OR mHealth) AND (newborn OR newborn care OR neonatal care).

	 Results. From a total of 305 articles initially identified, 10 articles fulfilled the inclusion criteria. The main 
domains of eHealth identified as applied to neonatal health were telemedicine (3 studies), eLearning (1 study) 
and mHealth (7 studies). Target population were health care providers or parents. The studies aimed at diag-
nosis, provision of health care and training, promoting adherence to interventions in parents or improving 
quality of care.

	 Conclusions. The use of eHealth in general and specifically focused on neonatal health shows important pos-
sibilities for development and expansion, given the advances and present needs, and should be considered 
a key tool for the reduction of inequalities.
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It has been proposed that information and communication 
technologies (ICTs) applied to health and healthcare systems 
can increase their efficiency, ultimately improving people’s 
quality of life (1–4).

eHealth is the use of ICT in health products, services and 
processes combined with organizational change in health-
care systems and new skills, in order to improve the health of 
individuals, efficiency and productivity in healthcare deliv-
ery, and the economic and social value of health. eHealth 
covers the interaction between patients and healthcare pro-
viders, institution-to-institution transmission of data, or 
peer-to-peer communication between patients and/or health 
professionals (5).

eHealth applications contribute to progress towards univer-
sal health coverage and its goals (6). The Strategy for Universal 
Access to Health and Universal Health Coverage (7) calls for 
addressing barriers especially for vulnerable groups, includ-
ing mothers and their newborns. During the past two decades, 
important progress in child survival has been made and, at 
present, neonatal mortality is the main component. The risk of 
dying was highest in the first month of life, at an average rate of 
18 deaths per 1,000 live births globally in 2018 (8).

There are important limitations in the implementation of 
evidence-based interventions in newborn health from both 
the global and regional perspective. Conversely, the potential 
impact on reducing perinatal mortality due to preventable 
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causes linked to such interventions is estimated as important 
(9). Evidence has shown that health care provided around the 
time of birth saves mothers and their newborns and prevents 
stillbirths and disability. Evidence on best practices and strat-
egies that broaden the coverage of interventions for newborns, 
reducing mortality, morbidity and disabilities has been accu-
mulating over recent decades. Innovative thinking aimed at 
increasing the participation of all stakeholders and reaching the 
poorest and most underserved populations is needed, as well 
as more research and development to optimize the application 
of knowledge of which interventions and strategies are most 
effective (9).

There are efficacious, cost-effective interventions that can 
prevent these deaths, including stillbirths. However, these 
interventions are not universally accessible across Latin Amer-
ica and the Caribbean (9,10).

eHealth has the potential to enable a positive transformation 
in the delivery of healthcare, making it safer, more effective 
and efficient. In different organizations the implementation 
of interoperable health information systems built around an 
electronic health record has shown gains. However, as the 
implementation of health informatics is not widespread yet, 
only few health organizations have shown the improvement 
of care and management of costs. There is a need for further 
expansion and experiences on implementing eHealth and eval-
uating results at a local, national and regional level (2).

Global and regional strategies and plans of action promote 
investment in building country capacity, linking evidence to 
policy and practice and testing and scaling up innovations in 
order to achieve the objectives of reducing preventable deaths, 
ensuring health and wellbeing and expanding enabling envi-
ronments among women, newborns, children and adolescents 
(11,12).

Knowledge and technological advances are recognized 
as important as economic resources in improving health and 
well-being, and innovation is considered as a starting point for 
translating evidence into practice (13).

In Latin America and the Caribbean, considerable inequities 
persist in access to health services due to a number of factors 
that limit the possibilities of receiving timely quality health 
care. Conditions such as income level, geographical location 
and ethnicity, among others, are determinants of health and 
disease and of important inequities in the Region of the Amer-
icas (14).

In contrast to inequities in access to quality health care and 
specific interventions and their outcomes, access to ICTs may 
be less inequitable (9). There is a need to analyze the inequities 
in access to technology in contraposition to other aspects, and 
to discuss the possible impact of the use of information technol-
ogy to facilitate information access for the general population 
as well as for healthcare teams.

The purpose of this review is to assess the availability of 
evidence on how health informatics applications can help to 
provide better care for newborns, and to address the knowl-
edge gap and the lack of significant literature accounting 
for the use of ICTs in neonatal health and evidence-based 
interventions. The objective is to identify scientific evidence 
on the use and results of ICTs for the improvement of neona-
tal health –in general or oriented to specific health problems or 
interventions– and to describe the type of intervention and its 
results.

METHODS

A review of current available evidence on the use of ICTs 
in neonatal health and evidence-based interventions was 
performed. Studies were included if published in academic, 
peer-reviewed journals between January 1, 2008 and April 30, 
2018 with full-texts in English or Spanish; were conducted in 
humans; and included original research presenting results on 
the use of ICTs in neonatal health. Studies describing a pro-
totype, a pilot experience or future research were excluded. 
The search was conducted during May 2018 in MEDLINE 
using PubMed, LILACS and Google Scholar. The US National 
Library of Medicine’s Medical Subject Headings (MeSH) were 
used; specific key terms were health informatics, telemedicine, 
mHealth, newborn, newborn care, and neonatal care.

Three reviewers performed the search, data extraction and 
analysis. Data was organized according to study design, target 
population, type of ICT included, results and limitations.

After removing duplicates, the reviewers independently 
reviewed the abstracts. Papers were assigned to reviewers, who 
then recorded independent observations. Reviewers were asked 
to record any overarching themes that seemed to serve as a com-
mon thread between studies, as well as any significant levels of 
bias that could have been present in each one. The papers were 
assessed by the relevance of each abstract in a spreadsheet, and 
those assessments were later combined during a consensus 
meeting; discrepancies were solved through discussion of the 
documented exclusion criteria.

In a second round, the reviewers evaluated the full text to 
determine the final eligibility based on inclusion criteria and 
articles categorized; they then grouped their observations in 
logical manner based on the eHealth components described 
in PAHO´s eHealth Strategy and Plan of Action 2012-2017 
(15). The components were: electronic medical records (i.e., 
real-time longitudinal electronic record of an individual 
patient’s health information that can aid health professionals 
with decision-making and treatment), telehealth (i.e., access to 
healthcare services using ICTs, specifically where distance is a 
barrier), mHealth (i.e., delivery of medical or healthcare prac-
tice using mobile devices), eLearning (i.e., continuing education 
in information and communication technologies that implies 
the use of ICTs for learning, not only to improve the quality 
of education, but also to guarantee accessibility to educational 
materials, innovative ways of training and to amplify delivery 
to more people), and standardization and interoperability (i.e., 
communication between different technologies and software 
applications for the proper sharing and use of data based on the 
use of standards).

Additionally, each reviewer examined the references of each 
paper to identify any relevant papers that the initial search 
might have missed; in case of disagreement, reviewers dis-
cussed the observations and reached a consensus. One member 
(SB) of the team served as facilitator.

RESULTS

From a total of 305 articles initially identified, 295 were 
excluded for not addressing the use of ICTs in neonatal health. 
Ten articles fulfilled the criteria defined and were analyzed 
(Figure 1). Table 1 describes the main characteristics of the 10 
studies analyzed.
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from providers: one evaluated the impact of a decision support 
tool on adherence to a neonatal resuscitation algorithm (22), 
one evaluated the effect of an app on perinatal survival and on 
health care workers knowledge and skills on neonatal resus-
citation (23), and one evaluated a mobile phone intervention 
on skilled birth attendance and the impact in the newborn (24). 
An additional study aimed to analyze the effectiveness of two 
mHealth interventions (emails, text messages and short videos) 
on improving infant safe sleep practices.

The studies included in this review showed differences 
in relation to the results achieved. Adequate results were 
observed in the study applying telehealth in the evaluation 
of acute-phase ROP (17). Remote grading of images of an eye 
at a single session had 81.9% sensitivity and 90.1% specificity. 
When both eyes were considered for the presence of referral 
warranted-ROP, sensitivity increased to 90.0%, with 87.0% 
specificity. Sensitivity was directly associated with the quality 
of the remote images. Sensitivity of acute phase ROP detection 
decreased with increasing birth weight when diagnostic exam-
ination first identified findings consistent with acute phase 
ROP. Similarly, the studies applying telemedicine on improving 
adherence and quality of prenatal care in women with gesta-
tional diabetes mellitus (18) and in women and infant postnatal 
care (19) showed positive results. Homko et al. (18) evaluated 
the impact of a web-based, nurse-coordinated communication 
system composed of a secure internet server, an interactive 
voice response (IVR) telephone system and a database. No 
significant differences between telemedicine and standard con-
trol groups were reported on maternal blood glucose values or 
infant birth weight, gestational age at delivery, Apgar scores 

Following the classification criteria defined, based on PAHO´s 
eHealth Strategy and Action Plan (16), the eHealth components 
identified were: telehealth, which was present in 3 papers 
(17–19); 7 studies included mHealth interventions describing 
different experiences (17,18,20–25), and finally eLearning (1 
paper) (26). All the studies, except one (17), were randomized 
controlled trials.

The target population were health care providers (17,22,23,26) 
or parents (18–21,24,27). The studies aimed at diagnosis (17), 
provision of health care (18,19) training (26), promoting adher-
ence to interventions in parents (20,21,27) or improving quality 
of care (22–24) .

Studies included in the telehealth component involved one 
focused on its use on evaluation of acute phase of retinopa-
thy or prematurity (ROP) by comparing remote evaluations 
of digital images to the findings of indirect ophthalmoscopic 
examination performed by experienced ophthalmologists (17), 
one study evaluating the impact of an enhanced telemedicine 
system on glucose control and newborn outcomes in women 
with gestational diabetes mellitus (18), and one study evaluat-
ing the impact of an intervention combining telephone contact 
compared to standard care on woman and infant postnatal 
care (19).

Studies addressing the mHealth component included one that 
combined videoconferencing and telephone contact compared 
with standard care, also included in the telehealth component 
(18); two studies analyzing the impact of text message reminders 
for immunization of infants (20,21) and four studies analyzing 
the impact of different interventions on improving quality of 
care. Three studies were focused on improving quality of care 

FIGURE 1. Article search and selection process
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of care and selected outcomes in newborn health, reporting dif-
ferent results. Interventions targeted the health workforce and 
also the newborns’ parents or caregivers.

Studies on telemedicine (17–19,26) analyzed its results in 
improving diagnosis (17) or clinical care (18,19). These studies 
are aligned with the main pillars that support the application of 
telemedicine, such as providing clinical support and connect-
ing distant users using different kinds of technologies, and had 
the improvement of health outcomes as main goal. The use of 
telemedicine contributes substantially to the delivery of health-
care services, using ICTs for the exchange of valid information 
for diagnosis, treatment and prevention of disease and injuries, 
research and evaluation, and for the continuing education of 
health care providers (28). When telemedicine was applied 
for diagnosis or prenatal/postnatal care, reported results sup-
port its use, improving the use of resources, facilitating access 
to health care and contributing to achieving results similar to 
those obtained when the diagnosis is made in person and with 
greater efficiency in terms of the use of resources.

Regarding the use of mHealth, reviewed studies did not 
show positive results regarding the adherence to immuniza-
tion schedules, but it should be noted that one of them was a 
pilot study. However, positive results were observed in relation 
to parental adherence to safe sleep recommendations through 
a similar intervention (27) . In the case of the application of 
mHealth in the improvement of knowledge and skills by health 
providers, the results were adequate (22–24).

There is a high penetration of mobile technologies worldwide, 
reaching nearly 90% in low- and middle-income countries. This 
highlights the enormous potential of technology for healthcare 
accessibility, especially regarding immunization reminders, ante-
natal care and skilled birth attendance (29), even though in this 
review the use of immunization reminders were not successful.

It is important to consider that mHealth, as well as any other 
eHealth implementation, needs to be integrated as part of a 
comprehensive health care system (30). Reaching the target 
audience with a direct communication channel can help rein-
force the message to be delivered and also facilitates the timely 
tracking and recording of vital events (31). The studies ana-
lyzed showed a limited use of mHealth in newborn health, as 
opposed to the possible impact of its use. Therefore, it is essen-
tial to strengthen research on this type of interventions. Since 
new experiences on mHealth appear constantly, partially due 
to the simplicity and easiness of this technology which facili-
tates a rapid implementation, a checklist for mHealth reporting 
and assessment evidence (mERA) has been developed for the 
proper evaluation of mHealth interventions in order to measure 
the appropriate results and outcomes (32,33).

Another pillar in improving the quality of neonatal care is 
education of the healthcare workforce and capacity building. 
Only one of the papers included in this review addressed 
eLearning in newborn health (26), and showed the relevance 
and adequate results of this type of strategy in training health 
teams. These strategies can lead to a reduction of the costs 
related to the provision of educational materials, facilitate the 
access to educational interventions and address limitations and 
barriers (30,34,35). It has also been shown that when compared 
with traditional learning, eLearning has good learning out-
comes in the clinical context (36). However, again, we found 
that there is not enough evidence with regard to its application 
in newborn care.

and rates of large for gestational age, and no perinatal/neonatal 
deaths were reported. However, within the intervention group, 
women using the internet transmitted more data than women 
using the IVR system. Similarly, Seguranyes (19) et al showed 
that women in the intervention group made fewer visits to the 
health center (mean, 1 visit) than women in the control group 
(mean, 1.17 visits). However, the prevalence of breastfeeding at 
six weeks was similar in the two groups.

Jain et al (26) showed no differences between classroom or 
tele-education training of neonatal resuscitation. Both compar-
ison groups showed similar improvement in knowledge and 
skills scores.

Studies analyzing the effect of promoting adherence to inter-
ventions in parents showed non consistent results. The two 
studies assessing the impact on text message reminders on 
immunization rates showed poor results. Niederhauser et al. 
(20) compared sending text messages 4 and 2 weeks prior to the 
due date of infant´s immunization and a similar procedure but 
with age-specific newborn health topics not related to immuni-
zation. Immunization compliance was similarly low in the two 
comparison groups. Ahlers-Schmidt et al (21) implemented a 
pilot study comparing the results on immunization rates and 
timeliness between standard notification (appointment card at 
the previous visit) plus reminder text messages 7 days prior 
to the immunization due dates and only standard notification. 
Non-significant differences were observed between comparison 
groups. Moon et al (27) analyzed the effect of two interventions 
(Nursing Quality Intervention and mHealth Intervention) imple-
mented separately and combined. The intervention included 
health messages and educational videos delivered by email 
or text messages to parents. Primary outcome was adherence 
to four safe sleep recommendations (supine position vs other; 
room sharing without bed sharing vs other; any vs no use of 
pacifier; no soft bedding vs other). Adherence to the four recom-
mendations was significantly higher in the intervention group.

The implementation of mHealth interventions on improving 
quality of care is associated with better results in the studies 
analyzed. Fuerch et al compared adherence to the Neonatal 
Resuscitation Program algorithm based on memory alone and 
by using a decision support tool during simulated neonatal 
resuscitation (22). Intervention groups showed significantly 
higher scores for appropriate decision to perform positive pres-
sure ventilation and chest compression and on the frequency of 
FiO

2 adjustment. Lund et al (23) compared the effect of using a 
mobile phone app conveying knowledge and skills on newborn 
ventilation and use of essential drugs and equipment through 
animated videos versus standard care. Knowledge and skills 
were significantly higher in the intervention group. However, 
no differences were reported on perinatal mortality. Similarly, 
other study (24) assessed the impact of a mobile phone-based 
versus standard intervention on improving skilled attendance 
at delivery. Standard antenatal, delivery and postnatal care 
was compared with an mHealth intervention consisting of text 
messages and access to a two-way-communication between the 
mother and health care providers. The intervention was associ-
ated with an increase in skilled delivery attendance.

DISCUSSION

We found that telemedicine, eLearning and mHealth have 
been studied with the objectives of improving access, quality 
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and data collection in any setting. Worldwide access to tech-
nology currently available can help in the collection of data and 
knowledge to improve the population’s and the health work-
force’s capacity and accessibility (35).

In the context of the current pandemic by COVID-19, inno-
vative approaches using digital platforms allow health systems 
to better manage the response and to maintain the delivery of 
essential health services and communicate to the public about 
how to access these services (42).

Therefore, due to the limited evidence on the use of ICTs in 
neonatal health and particularly in the current context, it is a 
priority to generate solid evidence that contributes to improv-
ing perinatal health and achieving the expected results, as well 
as facilitating access to care of quality health reducing the nega-
tive impact of the still existing barriers and inequalities.
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This review has some limitations. It focused on studies pub-
lished from 2008 to 2018 and had a resulting small number of 
papers. The quality of the papers was not measured based on stan-
dardized criteria, but assessed qualitatively. Some of the studies 
presented limitations that could affect the results, including small 
sample size, external validity, loss of follow-up of the subjects, and 
limited follow-up time. Although selection bias may be a concern, 
the risk was reduced by assigning three independent reviewers, 
and even when our focus was on Latin America and the Carib-
bean, the search was not restricted to studies from the Region.

The application of ICTs can help address challenges and 
tackle barriers in the provision of healthcare, and enhances 
access to quality services (37). It has the potential to address 
barriers as distance and access, but nonetheless it still shares 
challenges posed to healthcare in general, including poor man-
agement, insufficient training, infrastructure limitations and 
poor access to equipment and supplies (38).

The use of ICTs can contribute to achieving universal health 
coverage, improving the quality of care, promoting access 
and reducing inequities as well as reducing fetal and neonatal 
deaths (8,12,39–41).

There is evidence with variable results about the effect of 
ICTs and eHealth in different population groups and oriented 
to different health problems. However, as highlighted by this 
review, the availability of evidence regarding newborns is still 
limited (6–8,42,43).

Similarly, there is a latent chance where eHealth can help with 
simple interventions that could aid in diminishing inequalities 
by enabling simple tasks such as communication, education 
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Tecnologías de la información y la comunicación en la salud neonatal

RESUMEN	 Objetivos. Identificar la evidencia científica sobre el uso y los resultados de las tecnologías de la información 
y la comunicación para mejorar la salud neonatal en general o problemas de salud o intervenciones específi
cos, y describir el tipo de intervención y sus resultados.

	 Métodos. Se realizó una revisión sistemática de la evidencia disponible. La búsqueda se llevó a cabo en 
revistas revisadas por pares entre el 1 de enero de 2008 y el 30 de abril de 2018, en español e inglés. Los 
términos clave de la búsqueda fueron (health informatics OR telemedicine OR mHealth) AND (newborn OR 
newborn care OR neonatal care).

	 Resultados. De un total de 305 artículos identificados inicialmente, 10 artículos cumplieron los criterios de 
inclusión. Los principales dominios de la eSalud aplicados a la salud neonatal fueron la telemedicina (3 estu-
dios), el aprendizaje electrónico (1 estudio) y la salud móvil (7 estudios). La población destinataria consistió 
en los proveedores de atención de la salud o los padres. Los estudios tenían por objeto el diagnóstico, la 
prestación de atención sanitaria y la capacitación, la promoción del cumplimiento de las intervenciones en los 
padres o la mejora de la calidad de la atención.

	 Conclusiones. El uso de la eSalud en general, y específicamente en la salud neonatal, muestra importantes 
posibilidades de desarrollo y expansión, dados los avances y las necesidades actuales, y debería conside
rarse un instrumento clave para la reducción de las desigualdades.

Palabras clave	 Tecnología de la información; salud del lactante; medicina basada en la evidencia; atención perinatal; estrate-
gias de eSalud; telemedicina.
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