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Abstract
Background: Telemedicine uses videoconferencing technology to enable real-time audio and visual communication, link-
ing on-site healthcare providers with specialists at remote locations. Over the past decade, telemedicine has grown sig-
nificantly within the field of neonatology. This study seeks to deepen the understanding of telemedicine applications for
newborns and neonatal intensive care units (NICUs) through a detailed bibliometric analysis.
Methods: Publications on telemedicine in newborns and NICUs from January 1, 2004, to October 22, 2024, were
retrieved from the Web of Science Core Collection. Using Microsoft Excel, CiteSpace, the R package “bibliometrix,”
and VOSviewer, we analyzed the data to examine the number of publications, contributing countries/regions, institutions,
authors, journals, references, and keywords.
Results: Since 2004, 1177 publications have been included, reflecting a rapid increase in research on telemedicine in
newborns and NICUs over the past decade. These studies originated from 55 countries/regions and 139 institutions.
The United States, the United Kingdom, and India were the primary contributors in terms of publication volume.
Among the 405 authors analyzed, Jennifer L. Fang had the highest number of publications, while James P. Marcin received
the most co-citations. BMC Pregnancy and Childbirth published the most articles, and Pediatrics had the highest citation
count. The most frequently used keywords included “accuracy,” “depression,” “digital health,” “mobile health,” and “par-
ents,” highlighting key research areas. Emerging research frontiers such as “palliative care,” “low-income populations,”
“artificial intelligence,” and “parents with high-risk infants” indicate rapidly advancing topics in this field.
Conclusions: This study is the first to perform a comprehensive bibliometric analysis of publications on telemedicine in
newborns and NICUs. In the previous 20 years, global interest in teleneonatology research has significantly increased.
Our bibliometric findings offer valuable insights for researchers, helping them understand essential information, recognize
current research hotspots, identify potential collaborators, and explore future research frontiers in this field.
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Introduction
Telemedicine, also known as telehealth, involves the distant
delivery of medical information and clinical services to patients
through Information Communication Technologies (ICT) like
video conferencing, phone, and messaging.1 In recent years,
telemedicine has gained prominence as a cost-effective
approach to healthcare delivery, significantly improving access
to care, reducing healthcare costs, and enhancing patient satis-
faction.2 Its implementation has been particularly impactful in
addressing healthcare disparities among underserved popula-
tionsby increasing theavailabilityofmedical services and infor-
mation.3Consequently, telemedicine is increasingly recognized
as a transformative innovation in medical technology, with the
potential to revolutionize global healthcare systems.

Telemedicine in neonatology was first introduced in
1977 by Grundy, who used synchronous telemedicine to
facilitate newborn nursery rounds in a US forest hospital
with the support of university hospital specialists.4 In the
last decade of the 20th century, virtual assessments, such
as pediatrician-performed echocardiography reviewed by
cardiologists, demonstrated positive results in the early
diagnosis of newborns with possible congenital heart dis-
ease, helping to avoid unnecessary transfers when cardiac
issues were ruled out.5 In the previous 20 years, advance-
ments in device sophistication, software, and connectivity
have transformed teleneonatology from an innovative con-
cept to a routinely used tool in neonatal care.6

Telemedicine has emerged as a vital tool in neonatology,
offering significant benefits in a range of clinical applications,
including neonatal resuscitation, Neonatal Resuscitation
Program (NRP) training, neonatal transport, tele-rounding,
family support, and subspecialty consultations.7,8 Encrypted
videomessaging has proven successful in reducing family sep-
aration during an infant’s NICU stay; while also strengthening
relationships between parents and staff.9 Additionally,
Telemedicine is reliable for conducting neurological assess-
ments among NICU patients, and some tertiary neonatal units
have adopted remote video consultations for urgent newborn
assessments.10–12 The COVID-19 pandemic further acceler-
ated the integration of telemedicine into neonatal care, with
UK hospitals quickly incorporating remote consultations for
ward rounds by off-site clinicians.13

Despite the broad applications of telemedicine in neonat-
ology, there is a significant gap in understanding its global
scope and the evolution of research in this field. This gap
aligns with calls for standardized methodologies in digital
health evaluation. Existing reviews highlight the need for
a more comprehensive approach to analyzing the growth
of telemedicine in neonatal care.6,14 While traditional
reviews provide valuable insights, they often lack the struc-
tured, data-driven analysis needed to reveal emerging trends
and patterns, making bibliometric analysis essential.

Bibliometrics is a field that employs mathematical and
statistical techniques to conduct both qualitative and

quantitative analyses of literature systems and their charac-
teristics.15 Through the visual examination of countries,
institutions, journals, authors, and other relevant factors,
bibliometrics provides a global view of a field’s develop-
ment. It can also help in identifying foundational research
and predict emerging trends by analyzing co-occurrence
and patterns in references and keywords.16 VOSviewer
and CiteSpace are two widely adopted tools for conducting
bibliometric analysis. The value of bibliometric analysis
rests in its capacity to deliver an in-depth survey of research
undertakings, spotlight impactful studies and emerging
research areas, and guide policy decisions and the distribu-
tion of funding. Through bibliometric analysis, researchers
can quickly gain an understanding of the development sta-
tus of various disciplines and utilize these insights to deter-
mine future research directions.17 This study used visual
analysis to clarify the research landscape and trends of tele-
medicine in newborns and NICUs over the past two dec-
ades, providing fresh perspectives for advancing
telemedicine in neonatology.

Materials and methods

Study design and data acquisition
This study adopts a bibliometric analysis coupled with a sys-
tematic literature mapping approach to investigate the appli-
cation of telemedicine in neonates or NICU settings. The
design integrates quantitative citation network analysis
with thematic synthesis to identify research trends and
knowledge gaps. For this study, we chose the Web of
Science (WoS) Core Collection as our only database because
of its premium indexing and extensive inclusion of promin-
ent, peer-reviewed journals. WoS is renowned due to its reli-
able citation tracking and common application in
bibliometric studies. Although other databases, such as
Scopus and Lens, extend the scope, we aimed to encompass
the most consequential studies, focusing on top-tier research
findings. Publications dating from January 1, 2004, to
October 22, 2024, were considered in the literature search.
Our information retrieval approach targeted studies examin-
ing the role of telemedicine in newborn care or NICU. The
specific search terms used were: (TS= (Telemedicine) OR
TS= (Telehealth) OR TS= (Remote consultation) OR TS
= (Mobile health) OR TS= (mHealth) OR TS= (eHealth)
OR TS= (Telemonitoring) OR TS= (Remote patient moni-
toring) OR TS= (Virtual care) OR TS= (Digital health))
AND (TS= (neonates) OR TS= (newborns) OR TS=
(Neonatal intensive care) OR TS= (NICU)).

Literature screening and data extraction
The screening process consisted of two stages: preliminary
screening and full-text screening. The full-text screening was
conducted using the inclusion and exclusion criteria after
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preliminary screening according to the title and abstract. The
analysis was restricted to peer-reviewed original research arti-
cles and reviews published in English, specifically examining
telemedicine applications in neonates or NICU settings. After
duplicate removal,we excludednon-English publications, stud-
ies irrelevant to neonates/NICUs or telemedicine interventions,
and non-research materials including letters, news, editorial
materials, proceeding papers, short reports and conference
abstracts. Following standardized training on eligibility criteria,
two researchers independently screened titles and abstracts
under the supervision of the first corresponding author.
Full-text articles were retrieved when initial assessments indi-
cated potential relevance. Any inter-rater discrepancies were
resolved through consensus discussions, with unresolved cases
escalated to the first corresponding author for final arbitration.
These entries contained basic attributes such as authors, jour-
nals, keywords, countries/regions, and references referenced
andwere exported in text-text format. Theoverviewof the com-
prehensive search strategy and inclusion criteria used in this
study are summarized in Figure 1 and Table S1 in the
Supplementary material.

Data analysis and visualization
This study conducted a visual analysis using VOSviewer (ver-
sion 1.6.19), the R package “bibliometrix” (version 4.3.1), and
CiteSpace (version 6.2.R4). VOSviewer was employed to
develop and represent bibliometric networks visually, generat-
ing maps based on co-authorship, co-citation, and keyword
co-occurrence. This tool enabled a detailed exploration of
the associations and structural relationships within the schol-
arly landscape, facilitating the identification of key clusters.
The “bibliometrix” R package provided statistical and graph-
ical tools for evaluating and visualizing scientific literature,
including citation and trend assessment and identification of
highly productive authors, institutions, and countries. Its com-
prehensive approach allowed us to quantify research product-
ivity and assess temporal trends in the field covering the period
from 2004 to 2024. CiteSpace was used to visualize and ana-
lyze trends and patterns in scientific literature, aiding in the
detection of innovative research areas, identification of pivotal
moments, and visualization of the field’s temporal evolution
through co-citation and cluster analyses. By detecting critical
junctures and visualizing evolving research trajectories,
CiteSpace contributed to understanding the broader develop-
ment of the field. These tools were selected for their comple-
mentary strengths, each contributing distinctly to the
transparency, rigor, and depth of our methodology.

Results

Publication outputs and trends
Figure 1A presents a diagram of the bibliometric analysis
process, outlining the procedure followed to select relevant

publications from the Web of Science Core Collection.
Initially, 1370 publications were identified. After limiting
the timeframe to January 2004 through October 2024, 48
publications were excluded. Further refinement to include
only English-language articles and reviews resulted in a
total of 1177 publications for bibliometric analysis.
Figure 1B illustrates the annual publication trends in tele-
medicine research related to newborns and NICUs. This
timeline is divided into three stages, with 2010 and 2016
marking distinct shifts. The first stage, termed the “infant
stage” (2004–2009), saw relatively few publications, as
research on telemedicine in newborn and NICU settings
was in its early stages. The second stage, the “development
stage” (2010–2015), showed a growth in publications,
though with some fluctuations. The third stage, labeled
the “outbreak stage” (2016–2024), demonstrated a marked
increase in publications, indicating a rising interest in the
potential of telemedicine for newborns and NICUs, espe-
cially over the past five years.

Worldwide research cooperation and productivity
Publications were distributed across 55 countries/regions,
with extensive collaboration observed among highly pro-
ductive countries. Figure 2A represents the global network
of cooperative efforts in telemedicine research focused on
newborns and NICUs. The thickness of the lines represents
the strength of collaboration between countries, highlight-
ing prominent connections between the United States, the
United Kingdom, India, Canada, and Australia. These
robust connections suggest regular co-authorship and col-
laborative research activities, underscoring the international
scope of studies in this area. Figure 2B shows the top 10
countries contributing to telemedicine research in neonatal
settings. The United States ranks first in publication count,
followed by the United Kingdom in second place, and
India, Canada, and Australia in subsequent positions.
Further noteworthy contributors are China, South Africa,
Brazil, Germany, and Switzerland. This ranking highlights
significant research contributions from these countries and
their pivotal roles in progressing the field. The United
States has seen a significant rise in publication volumes
over recent years, highlighting increased research focus
and investment, positioning the United States as a leading
country in this research area. Figure 2C demonstrates the
co-occurrence relationships between countries involved in
neonatal telemedicine research, with the United States at
the core node, showing the greatest co-occurrence fre-
quency with other countries, which emphasizes its crucial
role in international research partnerships. India, the
United Kingdom, and Canada also exhibit robust
co-occurrence connections, indicating their important col-
laborative efforts. Figure 2D presents the institutional
co-occurrence network, illustrating the relationships and
collaboration patterns among various research institutions.
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The bibliometric analysis suggests that these institutions
with the widest collaborative connections include the
University of California, the University of London, and
Harvard University. Additional leading institutions include
Johns Hopkins University, the University of Toronto,
and the University of Washington, with most of these
institutions based in the United States. Table 1 sum-
marizes the top 10 prolific countries and institutions in
telemedicine research on newborns and NICUs. These

institutions are pivotal in the research network, fostering
substantial collaborative work and contributing to
advancements in the field.

Analysis of the influential authors
Since the first publication on telemedicine in neonatology in
2004, 405 authors have contributed studies related to tele-
medicine in newborns and NICUs. Co-authorship analysis

Figure 1. (A) Flowchart illustrating the literature search and screening process used in this study. (B) Global publication trend on
telemedicine research in newborns and NICUs.
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reveals a network of key contributors who have shaped the
field (Figure 3A). Prominent authors such as Jennifer
L. Fang, Marsha Campbell-Yeo, Michelle Heys, and
Justine Dol are central to this network, reflecting the collab-
orative nature of the research. Figure 3B visualizes the
co-citation network of authors analyzed with CiteSpace.

Co-cited authors are those cited concurrently in at least
one publication, signifying a similar research focus. The
World Health Organization (WHO) emerges as a highly
co-cited entity, underscoring its sustained influence in the
field. Authors such as S. Lund, J.E. Lawn, and
S. Agarwal are also identified as key contributors,

Figure 2. Collaboration networks in neonatal telemedicine research. (A) Global collaboration network map. (B) Publication trends
for the top 10 countries by publication count. (C) Country/region collaboration network. (D) Institutional collaboration network.

Table 1. Top 10 countries and institutions on research of telemedicine in newborns and NICUs.

Rank Country Count Institution Count

1 United States 542 (46.0%) University of Washington (United States) 30 (2.5%)

2 United Kingdom 119 (10.1%) Johns Hopkins University (United States) 29 (2.4%)

3 India 109 (9.2%) Stanford University (United States) 27 (2.2%)

4 Canada 102 (8.6%) University of California, Davis (United States) 23 (1.9%)

5 Australia 85 (7.2%) Harvard Medical School (United States) 23 (1.9%)

6 China 60 (5.0%) University of Pennsylvania (United States) 23 (1.9%)

7 South Africa 48 (4.0%) London Sch Hyg & Trop Med (United Kingdom) 23 (1.9%)

8 Brazil 38 (3.2%) University of Toronto (Canada) 23 (1.9%)

9 Germany 37 (3.1%) Children’s Hospital of Philadelphia (United States) 21 (1.7%)

10 Switzerland 37 (3.1%) University of Queensland (Australia) 21 (1.7%)

Luo et al. 5



demonstrating their broad impact. Figure 3C displays the
top 15 authors featuring the most significant citation bursts,
highlighting those who have garnered notable attention over
the past few years. Sondaal S.F.V. (2016) exhibits the lar-
gest citation burst, with a burst strength of 10.43 from
2018 to 2021, signaling a growing influence. Other notable
authors with substantial citation bursts include Quinn G.E.
(2014) and Free C.(2013), reflecting their impact on recent
trends. Table 2 lists the top 10 authors and co-cited authors
in telemedicine research focused on newborns and NICUs.
A close co-occurrence relationship exists between them,
with more prolific contributors frequently co-cited. These
patterns emphasize their significant influence on current
research and future directions.

Journal co-citation and layered analysis
Figure 4A displays the journal co-citation network, empha-
sizing the main journals that contribute to the field. The fig-
ure shows a tightly knit network of co-cited journals,

reflecting a robustly interconnected literature base.
Leading journals like Pediatrics, The Lancet, and PLOS
ONE frequently appear, demonstrating their substantial
influence within this research domain. Other journals,
including BMC Pregnancy and Childbirth and Journal of
Perinatology, also hold considerable influence. This net-
work of connections reflects a robust interconnected net-
work of researchers and emphasizes the essential role
these journals play in disseminating findings on telemedi-
cine in neonatal settings. The dual-map overlay in
CiteSpace reflects the development of research across disci-
plines. As depicted in Figure 4B, citing articles appear on
the left and cited articles on the right, with colored paths
in between indicating citation relationships. The green cit-
ation paths reveal that research published in fields such as
medicine, clinical journals, ophthalmology, neurology,
and dentistry is frequently cited by journals in health, nurs-
ing, dermatology, surgery, and other medical disciplines.
This overlay map further indicates that research on tele-
medicine for newborns and NICUs spans various

Figure 3. Visualization of authorship and co-citation in neonatal telemedicine research. (A) Visual representation of contributing
authors in telemedicine research focused on newborns and NICUs. (B) Visualization of co-cited authors in this research area. (C) Top
15 cited authors with the strongest citation bursts.
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disciplines, such as medicine, ecology, and nursing. The
bulk of citing journals are concentrated in the fields of medi-
cine, mathematics, and economics, while cited journals
cover broader areas such as molecular biology, psychology,
and toxicology. Table 3 summarizes the top 10 journals and
co-cited journals on telemedicine research in newborns and
NICUs. This distribution highlights the diverse nature of the
field, demonstrating the cross-disciplinary collaborative
studies conducted in this area.

Analysis of highly cited references
Reference co-citation analysis is one of the most valuable
features of CiteSpace, often used to identify research
focuses within a field. Co-cited references indicate the mag-
nitude of the relationship between sources. Figure 5A illus-
trates the co-citation network, emphasizing major articles
commonly cited in tandem. Noteworthy studies by authors
like Sondaal S.F.V. (2016) and Lee S.H. (2016) appear
prominently, emphasizing their significant contributions to
the field. The network displays robust co-citation clusters,
reflecting the interrelation among these foundational stud-
ies. Figure 5B illustrates the network map of co-cited refer-
ence clusters, pinpointing six primary clusters that highlight
key references commonly cited together, underscoring their
essential role within the field. The cluster number corre-
sponds to the level of concern for the subject within the
field, with smaller values indicating higher attention.
These prominent clusters include labels such as “#0 infor-
mation technology,” “#1 partograph,” “#2 knowledge,”
“#3 parent,” “#4 outcomes,” and “#5 mHealth.” Table 4
summarizes the top 10 co-cited references in telemedicine
research related to newborns and NICUs.

Analysis of the concerned keywords
A keyword co-occurrence network is instrumental in
uncovering research hotspots and trends within a particu-
lar discipline. Figure 6A presents this network structure
for the telemedicine field focused on newborns and
NICUs, highlighting terms frequently paired together.
Key terms such as “telemedicine,” “care,” “management,”
“impact,” “newborn,” “health,” “mortality,” and “infants”
denote primary research themes. These keywords signify
areas of focus, including neonatal care via telemedicine,
telemedicine’s effects on infant health, telemedicine man-
agement, and efforts to reduce neonatal mortality.
Connections among terms reveal the interdisciplinary
nature of this research, illustrating its multifaceted integra-
tion. Figure 6B maps out nine major keyword clusters,
each representing a unique research topic. The largest
cluster, labeled “#0 critical CHD,” relates to studies exam-
ining telemedicine’s role in managing critical congenital
heart disease (CHD). Clusters such as “#1 low-income
population” and “#5 parents of high-risk infants” address
telemedicine applications for specific groups. Other
important clusters include “#2 metabolomics” and “#6
glycosylated [analysis],” underscoring telemedicine’s
impact, while clusters like “#3 reproductive” and “#4 pal-
liative care” emphasize its role in women’s reproductive
health and neonatal palliative care. Additional clusters
like “#7 wearable device” and “#8 telemedicine” highlight
the integration of smart wearable devices in telemedicine.
Figure 6C provides a visual landscape of keywords, show-
ing the evolving focus within this research domain. For
example, earlier research clusters often concentrated on
telemedicine applications for critical CHD and palliative

Table 2. Top 10 authors and co-cited authors on research of telemedicine in newborns and NICUs.

Rank Authors Count Co-cited authors Citations

1 Fang, Jennifer L 15 Marcin, James P. 372

2 Campbell-Yeo, Marsha 13 Quinn, Graham E. 336

3 Makkar, Abhishek 12 Lund, Stine 320

4 Heys, Michelley 11 Fang, Jennifer L. 243

5 Marcin, James P. 11 Ying, Gui-Shuang 225

6 Dol, Justine 10 Colby, Christopher E. 218

7 Hoffman, Kristin R. 10 Moshfeghi, Darius M. 203

8 Crehan, Caroline 9 Ostmo, Susan 203

9 Moshfeghi, Darius M. 9 Campbell-Yeo, Marsha 197

10 Colby, Christopher E. 8 Dol, Justine 158

Luo et al. 7



care, while recent clusters highlight advanced wearable
devices tailored for specific populations, such as low-
income groups and parents of high-risk infants. This tem-
poral view enriches our understanding of the progression
and evolution of key research themes in this area.

The timeline view of the keyword cluster network illus-
trates the chronological development of research topics
related to telemedicine in newborns and NICUs
(Figure 7A). Key clusters, such as “critical CHD,” “low-
income population,” “metabolomics,” “reproductive,” and
“palliative care,” mark significant research areas. Over
time, the focus has transitioned from broad themes like
“infants” and “disorders” to more specialized topics such
as “premature infants,” “dried blood spots,” and “mental
health,” indicating an increasing depth and diversification
within research themes. The timezone chart (Figure 7B)

further maps the emergence and growth of multiple key-
words throughout the timeline. Initial studies centered
around foundational topics like “telemedicine,” “infants,”
and “management,” while recent research emphasizes clin-
ical and applied topics such as “mental health,” “mobile
health,” “artificial intelligence,” and “newborn resuscitation.”
This progression points to a growing interest in exploring spe-
cific clinical applications and implications of telemedicine in
neonatal care. Figure 8 highlights the top 15 keywords with
the most significant citation bursts in telemedicine research
related to newborns and NICUs. Blue bars represent periods
of lower citation frequency, while red bars indicate times of
heightened interest. Keywords like “depression,” “digital
health,” and “parents” exhibit strong bursts, reflecting their
increasing prominence in recent research and suggesting
potential areas for future exploration.

Figure 4. Visualization of journal co-citations in neonatal telemedicine research. (A) Co-citation network among journals in
telemedicine research focused on newborns and NICUs. (B) Dual-map overlay of journals involved in neonatal telemedicine research.
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Discussion

General information
This study presents a bibliometric analysis of 1177 papers
on neonatal telemedicine published in 57 journals by 139
institutions across 55 countries/regions, drawing data from
the Web of Science Core Collection. Through keyword
clustering analysis, we identify dynamic research hotspots
and emerging trends. The findings reveal a significant
upward trajectory in research output. Before 2010, research
in this area was limited; however, interest in neonatal tele-
medicine has grown substantially since 2016. This acceler-
ation is attributed to advancements in telemedicine
technology and heightened global healthcare demands, fur-
ther amplified by the COVID-19 pandemic.18

Leading countries and institutions
The United States, the United Kingdom, and India are the
leading countries in neonatal telemedicine research, with
the US contributing the highest volume of publications over
the past 20 years. This prominence can be attributed to suc-
cessful neonatal telemedicine programs, such as those at the
Mayo Clinic, along with supportive policies, a robust health-
care system, and advancements in technology within the
US.19 In contrast, many Asian and African countries remain
in the early stages of adoption, highlighting the global dispar-
ity in neonatal telemedicine development. To address this,

increased investment in research, talent development, and
international collaboration is essential. For example, while
China began its telemedicine efforts in the late 1990s, recent
government support has driven significant expansion, particu-
larly in remote areas.20 Despite these advances, the relatively
low citation counts for the top 10 contributing countries sug-
gest a need for more high-quality publications. Institutional
patterns mirror country distributions, with the US hosting
most of the leading institutions, followed by Canada and
Australia. While international collaborations are strong, inter-
institutional cooperation remains limited, underscoring the
need for greater institutional partnerships to advance the field.

Active authors and journals

The 10 most active authors (each publishing ≥8 articles)
were exclusively affiliated with institutions in North
America (8/10: 6 US, 2 Canada) and the UK (2/10), indicat-
ing concentrated research leadership in developed econ-
omies. Co-citation analysis identified 10 pivotal
contributors with ≥158 citations each, reflecting their foun-
dational impact on neonatal telemedicine scholarship.
Leading this list is James P. Marcin, with 372 citations, fol-
lowed by Graham E. Quinn with 336 citations, and Stine
Lund with 320 citations. James P. Marcin has contributed
to pioneering work in telemedicine, focusing on advance-
ments that enhance patient outcomes and healthcare deliv-
ery.11,21 Graham E. Quinn, affiliated with the University

Table 3. Top 10 journals and co-cited journals on research of telemedicine in newborns and NICUs.

Rank Journal Count IF JCR Co-cited journal Co-citation IF JCR

1 BMC Pregnancy and Childbirth 35 (2.9%) 2.8 Q1 Pediatrics 1355 6.2 Q1

2 JMIR mHealth and uHealth 29 (2.4%) 5.4 Q1 Lancet 889 98.4 Q1

3 BMJ Open 28 (2.3%) 2.4 Q1 PLoS One 804 2.9 Q1

4 Plos One 28 (2.3%) 2.9 Q1 BMC Pregnancy and
Childbirth

598 2.8 Q1

5 Telemedicine and e-Health 27 (2.2%) 2.8 Q2 Journal of Perinatology 500 2.4 Q1

6 Journal of Telemedicine and Telecare 21 (1.7%) 3.5 Q1 Journal of Medical Internet
Research

385 5.8 Q1

7 Journal of Medical Internet Research 19 (1.6%) 5.8 Q1 Cochrane Database of
Systematic Reviews

379 8.8 Q1

8 Journal of Perinatology 19 (1.6%) 2.4 Q1 AM J Obstet Gynecol 371 8.7 Q1

9 Cochrane Database of Systematic
Reviews

17 (1.4%) 8.8 Q1 JMIR mHealth and uHealth 369 5.4 Q1

10 Journal of Exposure Science and
Environmental Epidemiology

41 (2.0%) 4.1 Q1 Environmental Science and
Technology

1620 10.8 Q1

Luo et al. 9



of Pennsylvania, specializes in ophthalmology and pediat-
rics, with research focusing on telemedicine applications
for acute-phase ROP assessment (e-ROP).22,23 Stine Lund
has concentrated on neonatal emergency care through tele-
medicine, contributing to studies on newborn and NICU
telemedicine.24,25

The top 10 journals published 239 articles, accounting for
20.3% of the total in the field. Leading journals include BMC
Pregnancy and Childbirth, JMIR mHealth and uHealth, and
BMJ Open, highlighting a strong focus on neonatal telemedi-
cine. This insight can guide researchers in choosing suitable
journals for submission. Additionally, analysis of authors

Figure 5. Visualization of co-cited references in neonatal telemedicine research. (A) Co-cited references network in telemedicine
research focused on newborns and NICUs. (B) Cluster network map of co-cited references in this research area.
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and co-cited references revealed that Jennifer L. Fang
appeared across all three indicators, marking her as a key con-
tributor and a potential collaborator for other researchers.

High-impact publications
Co-citation analysis reveals key publications that have
shaped neonatal telemedicine research. These highly cited
works include five clinical studies and five review articles,
primarily from leading journals. The clinical studies trace
the development of neonatal telemedicine, with the Mayo
Clinic playing a pivotal role. In 2013, the Mayo Clinic
began offering teleneonatology services to six community
hospitals, significantly improving care delivery and neo-
natal outcomes, particularly in resource-limited settings.26

That same year, Jennifer L. Fang and colleagues demon-
strated that video-assisted resuscitation (VAR) during simu-
lated neonatal resuscitation reduced the time to effective
ventilation and improved adherence to NRP guidelines,
thereby enhancing neonatal safety.27 A study by Stine
Lund explored the impact of mobile phone interventions
in island settings, showing their potential to increase skilled
birth attendance—a critical intervention for maternal and
neonatal health in low-resource settings.28,29

Table 4. Top 10 co-cited references on research of telemedicine
in newborns and NICUs.

Rank Co-cited reference Citations

1 Sondaal SFV, 2016, PLoS One, v11 52

2 Lee SH, 2016, J Glob Health, v6 47

3 Lund S, 2014, BMC Pregnancy Childb, v14 40

4 Fang JL, 2016, Mayo Clin Proc, v91, p1735 37

5 Labrique AB, 2013, Glob Health-Sci Prac,
v1, p160

32

6 Free C, 2013, PLoS Med, v10 31

7 Fang JL, 2018, Resuscitation, v125, p48 30

8 Lund S, 2012, BJOG-Int J Obstet Gy, v119,
p1256

29

9 Tamrat T, 2012, Matern Child Hlth J, v16,
p1092

28

10 Fang JL, 2014, Resuscitation, v85 28

Figure 6. Keyword analysis in neonatal telemedicine research. (A) Co-occurrence network map of keywords. (B) Keyword cluster
network map. (C) Keyword landscape.
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The review articles emphasize the growing potential of tele-
medicine for maternal and neonatal health. mHealth interven-
tions, for example, have been shown to enhance prenatal and

neonatal education and promote antenatal care.30 However,
Siew Hwa Lee and colleagues noted that many studies con-
ducted in low- and middle-income countries (LMICs) suffer

Figure 7. Keyword analysis over time in neonatal telemedicine research. (A) Cluster timeline view of keywords related to
telemedicine in newborns and NICUs. (B) Timezone chart of keywords in this research area.
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from methodological weaknesses, limiting their ability to
assess patient outcomes effectively. They suggest that more
transparent reporting is necessary to improve research qual-
ity.31 Nonetheless, studies like Caroline Free et al.’s show
that mobile interventions, such as text messaging, can improve
adherence to antiretroviral medication in low-income set-
tings.32 Stephanie Sondaal and colleagues also suggest that
mHealth could enhance maternal and neonatal service use,
recommending further research to evaluate its impact. The
growing trend towards robust experimental designs and gov-
ernment involvement in mHealth integration is promising
for developing best practices.33

In summary, these 10 co-cited references highlight
the progress and challenges of neonatal telemedicine.
Co-citation analysis provides key insights into the field’s
evolution and informs future research directions.

Hotspots and frontiers
Keyword frequency analysis revealed that “accuracy” is a
major research focus in neonatal telemedicine, particularly
regarding its use in diagnosing retinopathy of prematurity
(ROP). Studies by Cheng et al.23 and Biten et al.34 showed tel-
emedicine’s accuracy to be comparable to ophthalmoscopy for
detecting clinically significant ROP. Other frequently men-
tioned terms, such as “depression,” “digital health,” and
“mobile health,” represent emerging research trends in health
management and mental health within neonatal intensive care
and telemedicine, driven by advancements in technology.

As emphasized by the WHO, digital health technologies
are pivotal for building sustainable health systems. In men-
tal health, interventions like online cognitive behavioral
therapy have demonstrated efficacy in reducing depression
symptoms,35–38 while research by van den Heuvel et al.
suggests that home-based care can improve patient satisfac-
tion and efficiency in pregnancy care.39

A cluster analysis of the literature on neonatal telemedi-
cine highlighted nine major research themes: critical con-
genital heart disease (CHD), low-income populations,
metabolomics, reproductive health, palliative care, parents
of high-risk infants, glycosylation analysis, wearable devices,
and telemedicine. Clusters 1 and 5 highlight application scen-
arios, such as tele-echocardiography for CHD screening and
remote nutritional management for post-surgery neonates,
which enhance patient outcomes and reduce healthcare
costs.40–43 Clusters 3 and 7 underscore telemedicine’s
impact, with cloud computing advancing data management
in fields like genomics and metabolomics, improving health-
care access, and driving better outcomes.44–46 Clusters 2 and
6 focus on underserved populations, showing how telemedi-
cine improves access to specialist care and parental education
and reduces emergency visits.47 However, challenges persist
in low-income settings, including education barriers and lim-
ited healthcare access.48,49Despite these obstacles, initiatives
like Zanzibar’s mobile health interventions and Arkansas’
ANGELS program highlight the potential of telemedicine
to improve maternal and neonatal care in resource-limited
environments.28,29,50

Figure 8. Top 15 keywords with the strongest citation bursts. Blue bars indicate periods of low citation frequency, while red bars
represent periods of frequent citation.
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Continued high-quality investigation into the impacts of
telehealth on patient outcomes and healthcare systems is
critical for the ongoing development of neonatal telemedi-
cine best practices. Future studies should assess the eco-
nomic impact of telemedicine in low-income regions and
focus on expanding telemedicine programs with an
emphasis on improving both accuracy and safety.

Limitations
This study is the first to systematically analyze neonatal tele-
medicine publications and trends in an intuitive, objective,
and precise way, providing a comprehensive resource for
clinicians and researchers in this field. Several bibliometric
tools were used to examine important research topics from
multiple viewpoints. However, certain limitations should
be noted: (1) Our retrieval was completed on October 22,
2024, so some recently published studies with important
findings may have been excluded, potentially affecting the
completeness of the research trends and overlooking recent
developments (2) We restricted our search to articles and
reviews inWoSCC tomaintain high literature quality, which
means that other types of publications, such as books, case
reports, clinical trials, and meta-analyses with relevant find-
ings, were not included. These excluded types of literature
may contain valuable insights that could have further
enriched our analysis. (3) Our search was limited to
WoSCC-indexed journals, excluding data from other key
databases such as PubMed, Embase, and Ovid, so studies
indexed only in these databases were omitted. This restric-
tion may have impacted the breadth of our findings by omit-
ting relevant studies from these databases. (4) Only
English-language studies were retrieved from WoSCC,
meaning that significant research published in other lan-
guages may not have been captured in our analysis, poten-
tially affecting the global generalizability of our findings.

Conclusions
Neonatal telemedicine, as a product of the integration of
modern medicine and information technology, has garnered
widespread attention globally in recent years. The upward
trend in annual publications indicates that neonatal tele-
medicine has garnered substantial interest from researchers
globally, especially over the past five years. This study
aimed to analyze research hotspots and trends in neonatal
and NICU telemedicine, with the USA, the United Kingdom,
and India as the primary contributors. Differences in publica-
tion volume among countries may be influenced by factors
such as policy support, technological advancement, and
healthcare infrastructure. According to the analysis of key-
words with the strongest burst strength, areas such as accur-
acy, depression, digital health, mobile health, parents, and
program are prominent research hotspots. It is recommended
to focus further attention on key topics like critical CHD, low-

income populations, metabolomics, reproductive health, pal-
liative care, and parents of high-risk infants, among others.
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